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Comments on Tentative Waste Discharge Requirements (WDRs) and National 
Pollutant Discharge Elimination System (NPDES) Permit for the 

Valencia Water Reclamation Plant (NPDES Permit No. CA0054216) 

The Santa Clarita Valley Sanitation District1 (Sanitation District) appreciates the opportunity to 
provide comments on the Tentative Waste Discharge Requirements and National Pollutant Discharge 
Elimination System (NPDES) Permit (Tentative Permit) for the Valencia Water Reclamation Plant (WRP) 
dated February 11, 2015. The Sanitation District has a number of comments regarding the Tentative 
Permit, and request that the California Regional Water Quality Control Board, Los Angeles Region 
(Regional Board) modify the Tentative Permit based on the requests herein. Our comments are detailed 
below, and divided into several sections. The first sections presents specific comments relating to the 
revision of the TMDL for chloride in the Upper Santa Clara River TMDL, the second and third sections 
present general/legal and specific comments, respectively, relating to toxicity provisions in the Tentative 
Permit, while the fomth section contains other comments. 

SPECIFIC COMMENTS ON REVISION OF THE TMDL FOR CHLORIDE IN THE UPPER 
SANTA CLARA RIVER 

Since the approval of the Chloride Compliance Facilities Plan and certification of the 
Environmental Impact Report (EIR) on October 28, 2013, the Sanitation District has made significant 
progress on several project components, such as UV Disinfection, MF/RO and the Deep Well Injection 
Test Well (Test Well) and remains committed to completing project facilities to comply with the 
applicable chloride limits by the July 1, 2019 deadline identified in Resolution R4-20 14-010, Revision of 
the TMDL for Chloride in the Upper Santa Clara River. Applications for the Conditional Use Permit 
(CUP) and Underground Injection Control (UIC) Class I non-hazardous permit for the Test Well were 
submitted. However, during recent public hearing meetings for the Supplemental EIR for the alternate 
well site location, the local residents expressed strong concerns and objections to the proposed well site 
location. On March 11, 2015 the Sanitation District Board directed staff to withdraw the proposed site 
location from consideration and evaluate alternative site locations. As a result, Task 4aii and Task 4aiii in 
Resolution R4-20 14-010 as currently written, are no longer applicable as originally intended. The 

1 The Los Angeles County Sanitation Districts function on a regional scale and consist of 24 independent special districts serving 
about 5.5 million people in Los Angeles County. Seventeen of the Sanitation Districts in the metropolitan Los Angeles area are 
served by a regional , interconnected system of facilities known as the Joint Outfall System (JOS). The Santa Clarita Valley is 
served by the Santa Clarita Valley Sanitation District of Los Angeles County 
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Sanitation District respectfully requests that the descriptions of several milestones in Task 4 
“Implementation of Compliance Measures by SCVSD” of the tentative Valencia WRP NPDES permit 
(shown in various locations in the tentative permit) be revised as follows:  

 
• Task 4a  Deep Well Injection Test Well or Alternate Brine Disposal Locations  
• Task 4ai. Complete design for deep well test well Submit work plan and schedule to implement 

the work plan 
• Task 4aii. Award contract for deep well injection test well Complete Alternatives Screening 

Analysis  
• Task 4aiii. Construction and testing of test well Certify CEQA for Alternate Brine Disposal 

Locations 
• Task 4d Final Deep Well Injection Production Wells or Alternate Brine Disposal Locations 
• Task 4di. Complete design for the final deep well injection production wells or alternate  
• Task 4diii. Start-up of the deep well injection production wells or alternate brine disposal 

 
We believe that these minor revisions in the wording of the milestone descriptions do not impact 

any other milestones or the final compliance date.  The Sanitation District is committed to and will 
continue to diligently work on project facilities required to achieve compliance by the July 1, 2019 
deadline. 
 
GENERAL/LEGAL COMMENTS ON TOXICITY-RELATED PROVISIONS 
 

The general/legal comments prepared by the Sanitation District’s special counsel are included as 
Attachment A as part of the Administrative Record. 
 
SPECIFIC COMMENTS ON TOXICITY-RELATED PROVISIONS 
 
Comment 1.  Implementation of final effluent limits should not be based in whole, or in part, on 
non-peer reviewed documents. 
 

a) Reference to the use of a USEPA Regional Training Tool to implement final effluent toxicity 
limits should be removed.  

 
Footnote 9 on page 8 of the WDR references use of EPA Regions 8, 9 and 10 Toxicity Training 

Tool for implementing the final effluent toxicity limits. Page 6 of this Training Tool document clearly 
states that “this training tool does not impose legally binding requirements on EPA, States, or NPDES 
permittees” and that the Training Tool “does not substitute for the Clean Water Act, or EPA or State 
regulations applicable to NPDES permits or WET testing; nor is this document a regulation, itself”. 
However, for all practical purposes, incorporation of this document into an NPDES permit will result in 
the document essentially becoming a binding requirement and regulation. Therefore, we request the 
following change be made to footnote 9 on page 8 of the tentative Valencia WRP NPDES permit:  
 
Page 8, Footnote 9 (last sentence): 
“This final effluent limitation will be implemented using current USEPA guidance in National Pollutant 
Discharge Elimination System Test of Significant Toxicity Implementation Document (EPA 833-R-10-
003, June /2010) and EPA Regions 8, 9 and 10 Toxicity Training Tool (January 2010), 
http://www2.epa.gov/region8/epa-regions-8-9-and-10-toxicity-training-tool-january-2010.” 
 
Comment 2.  Use of the two-concentration test design should not be a requirement of the permit. 
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a) The two-concentration test design is not an allowable NPDES method for final effluent 
testing.  

 
On February 11, 2015, USEPA Region IX withdrew its Alternative Test Procedure (ATP) 

approval originally issued on March 2014 allowing for regional use of a two-concentration test design2. 
As a result, any NPDES final effluent test conducted using such a test design would not meet the 
minimum requirements as specified in promulgated methods. 

 
b)  Use of the two-concentration test design is inconsistent with the promulgated method. 
 
The first and last paragraphs in Section VII.J (page 29) of the Tentative Permit mandate the use of 

a two-concentration test design (control and Instream Waste Concentration or IWC) and prohibit 
application of a concentration-response3 evaluation and other data review steps incorporated as part of the 
concentration-response evaluation. This restriction is inconsistent with mandatory requirements contained 
in 40 Code of Federal Regulations (CFR) Part 136 promulgated method, Short-Term Methods for 
Estimating the Chronic Toxicity of Effluent and Receiving Water to Freshwater Organisms, Fourth 
Edition, EPA-821-R-02-013, October 2002 (Promulgated Method). The Promulgated Method requires a 
minimum of a five-concentration test design for NPDES final effluent testing and evaluation of the 
concentration response relationship. Several quotes from this document are provided below. 

 
“Use of pass/fail tests consisting of a single effluent concentration (e.g., the receiving water concentration 
or RWC) and a control is not recommended”4 
 
“The tests recommended for use in determining discharge permit compliance in the NPDES program are 
multi-concentration, or definitive, tests which provide (1) a point estimate of effluent toxicity in terms of 
an IC25, IC50, or LC50, or (2) a no-observed-effect-concentration (NOEC) defined in terms of mortality, 
growth, reproduction, and/or teratogenicity and obtained by hypothesis testing”5 
 
“The concentration-response relationship generated for each multi-concentration test must be reviewed to 
ensure that calculated test results are interpreted appropriately”6 
 
Tables 1, 3, and 4 (labeled as 3) - SUMMARY OF TEST CONDITIONS AND TEST ACCEPTABILITY 
CRITERIA WITH EFFLUENTS AND RECEIVING WATERS (TEST METHODS 1000.0, 1002.0, 
AND 1003.0): 
Test concentrations:  Effluents:   5 and a control (required minimum) 

Receiving Water:  100% receiving water (or minimum of 5) and a control 
(recommended)7 

 

                                                           
2 USEPA Region IX, Letter from Eugenia McNaughton, Manager of the Quality Assurance Office to Renee Spears, 
QA Officer, State Water Resources Control Board, February 11, 2015. [Exhibit 1] 
3 For the purposes of this comment letter, the terms “concentration-response” and “dose-response” have equivalent 
meanings and can be used interchangeably.  
4 Short-Term Methods for Estimating the Chronic Toxicity of Effluent and Receiving Water to Freshwater 
Organisms, Fourth Ed., EPA-821-R-02-013. October 2002. [Exhibit 2] Section 2.2.3.  
5 Short-Term Methods for Estimating the Chronic Toxicity of Effluent and Receiving Water to Freshwater 
Organisms, Fourth Ed., EPA-821-R-02-013. October 2002. Section 8.10.1.  
6 Short-Term Methods for Estimating the Chronic Toxicity of Effluent and Receiving Water to Freshwater 
Organisms, Fourth Ed., EPA-821-R-02-013. October 2002. Section 10.2.6.2.  
7 Short-Term Methods for Estimating the Chronic Toxicity of Effluent and Receiving Water to Freshwater 
Organisms, Fourth Ed., EPA-821-R-02-013. October 2002. Tables 1, 3, and 4 (labeled as 3) on pages 76, 165, and 
211.  
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c) The mandated use of the two-concentration test design is inconsistent with the provisions in 
USEPA’s TST Guidance Document. 

 
In 2010, the United States Environmental Protection Agency (USEPA) released a guidance 

document, National Pollutant Discharge Elimination System Test of Significant Toxicity Implementation 
Document, EPA-833-R-10-003 (TST Guidance Document) introducing the Test of Significant Toxicity 
(TST) protocol for analysis of chronic toxicity testing data. This guidance document make it clear in 
numerous places that the intent of the guidance was to introduce a new method of analyzing data 
collected during a valid whole effluent toxicity (WET) analysis. The TST Guidance Document clearly 
indicates that all toxicity tests are to be conducted following all specified requirements in the Promulgated 
Method, and even specifically points out that this includes use of a multiple concentration test design for 
final effluents. Some quotes from this document are presented below.   
 
“The TST approach does not result in changes to EPA’s WET test methods promulgated at Title 40 of the 
Code of Federal Regulations Part 136.”8 

 
“Once the WET test has been conducted (using multiple effluent concentrations and other requirements 
as specified in the WET test methods), the TST approach can be used to analyze the WET test results to 
assess whether the effluent discharge is toxic at the critical concentration. Performing the EPA WET test 
where the minimum five required test concentrations (pursuant to the EPA WET test methods) can 
establish a concentration-response curve. The TST approach is designed to be use used for a two 
concentration data analysis of the IWC or a receiving water concentration (RWC) as compared to a 
control concentration.”9 [Emphasis added] 
 
“This document presents TST as a useful alternative data analysis approach for valid WET test data that 
may be used in addition to the approaches currently recommended in EPA’s Technical Support Document 
(USEPA 1991) and EPA’s WET test method manuals.”10 
 
“The TST approach is an alternative statistical approach for analyzing and interpreting valid WET data; it 
is not an alternative approach to developing NPDES permit WET limitations. Using the TST approach 
does not result in any changes to EPA’s WET test methods.”11 
 
“Step 1: Conduct WET test following procedures in the appropriate EPA WET test method manual. This 
includes following all test requirements specified in the method (USEPA 1995 for chronic West Coast 
marine methods, USEPA 2002a for chronic freshwater WET methods, USEPA 2002b for chronic East 
Coast marine WET methods, and USEPA 2002c for acute freshwater and marine methods).”12 
 

d) The mandated use of the two concentration test design is inconsistent with NPDES permits 
issued by USEPA Region IX that also utilize the TST. 

 
 The importance and need to conduct multiple concentration tests, including a concentration-
response evaluation for chronic toxicity tests using the TST statistic, was confirmed by USEPA Region 
                                                           
8 U.S. EPA.  National Pollutant Discharge Elimination System Test of Significant Toxicity Implementation 
Document.  EPA-833-R-10-003  (June, 2010) pg. ii on the Disclaimer. [Exhibit 3] 
9 U.S. EPA.  National Pollutant Discharge Elimination System Test of Significant Toxicity Technical Document.  
EPA-833-R-10-003  (June, 2010) pg. v.  
10 U.S. EPA.  National Pollutant Discharge Elimination System Test of Significant Toxicity Technical Document.  
EPA-833-R-10-003 (June, 2010)  pg. 7.  
11 U.S. EPA.  National Pollutant Discharge Elimination System Test of Significant Toxicity Technical Document.  
EPA-833-R-10-003  (June, 2010)  pg. 60. 
12 U.S. EPA.  National Pollutant Discharge Elimination System Test of Significant Toxicity Technical Document.  
EPA-833-R-10-003  (June, 2010)  Appendix B, pg. B-3. 
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IX in one of its recently issued NPDES permits.11 This USEPA-issued general permit for oil and gas 
exploration required the use of the TST statistical method to analyze multi-concentration WET test 
results, stating, “This permit is subject to a determination of Pass or Fail from a multiple-effluent 
concentration chronic toxicity test at the IWC (for statistical flowchart and procedures, see National 
Pollutant Discharge Elimination System Test of Significant Toxicity Implementation Document, 
Appendix A, Figure A-1)”. [Emphasis added.] 
 
 In addition, USEPA Region IX specifically required the use of a multi-concentration test design 
with consideration of concentration-response before running the TST statistic, stating, “Following 
Paragraph 10.2.6.2 of the freshwater EPA WET test methods manual, all chronic toxicity test results 
from the multi-concentration tests required by this permit shall be reviewed and reported according to 
EPA guidance on the evaluation of concentration-response relationships in Method Guidance and 
Recommendations for Whole Effluent Toxicity (WET) Testing (40 CFR Part 136) (EPA/82I/B-00-004, 
2000)”13 [Emphasis added.] 
 
 The Sanitation District requests that a similar provision be incorporated into the Tentative Permit 
to allow for the use of a five-concentration test design and the evaluation of the concentration-response 
relationship. Such a provision would allow the Sanitation District to conduct chronic toxicity tests in a 
manner consistent with the toxicity testing provisions contained in recent NPDES permits issued by 
USEPA Region IX, the requirements contained in the promulgated method, and in a manner consistent 
with the conditions specified in USEPA’s TST Guidance Document. 
  

e) Conditions in the Tentative Permit prohibiting the use of a multiple concentration test design 
and an evaluation of the concentration-response relationship will result in a less accurate 
estimate of toxicity. 

 
Biological systems are inherently variable.  WET tests measure how certain organisms respond to 

a particular water sample. As such, the measurements are impacted by a number of factors including 
organism health, ionic changes in water chemistry, presence/absence of trace elements in the water, 
seasonality, light levels, temperature, analyst handling, and many others. While variability in WET tests 
cannot be eliminated entirely, the Promulgated Method and various USEPA guidance document 
procedures were intentionally developed and incorporated to address this variability and quantify data and 
result reliability.  

 
Conducting multiple concentration WET tests and evaluating the concentration-response 

relationship is one of the more critical and significant method-defined procedures for addressing this 
variability and validating data and is equally important when evaluating point estimate results such as the 
effect and inhibition concentration as it is when evaluating hypothesis test results using a t-test such as the 
NOEC or TST. In all instances, the concept of a dose-response/concentration-response relationship has 
been described by toxicologists as “the most fundamental and pervasive one in toxicology”. This concept 
assumes that a causal relationship exists between the concentration of a pollutant in a sample and the 
measured organism response. In other words, it is assumed that increasing organism response or effect is 
due to increasing pollutant/toxicant concentrations. Evaluation of the concentration-response relationship 
provides the empirical evidence that supports this assumption. Therefore, evaluating concentration 
response information is critical to associating any observed response to "toxicity". If an effect is caused 
by "toxicity", higher concentrations should logically exhibit the same or greater effects and lower 
concentrations should exhibit the same or lower effects. The only way this can be evaluated is by 
conducting multiple concentrations. Anomalies in this expected or assumed concentration-response curve 

                                                           
13 General Permit No. CAG280000. Authorization to Discharge Under the National Pollutant Discharge Elimination 
System for Facilities Oil and Gas Exploration, Development, and Production Facilities. Signed December 20, 2013. 
[Exhibit 4] Page 15, Section II.B.2.d.2.  
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reduces confidence in the test’s ability to accurately estimate “toxicity” or, more specifically, the test’s 
ability to estimate effects associated with pollutants or toxicants. 

 
In fact, as part of their 2002 method promulgation process, USEPA conducted an interlaboratory 

variability study14 (Variability Study) that, in part, assessed the false positive error rate associated with 
many USEPA toxicity test method endpoints using blank samples known to be non-toxic. The Variability 
Study showed a substantially higher single test false positive error rate (showing toxicity in a non-toxic 
laboratory blank sample) for certain endpoints including the freshwater test species used to determine 
compliance in the Tentative Permit. For the Ceriodaphnia dubia chronic toxicity reproduction endpoint, 
four of the 27 non-toxic blank samples tested using the NOEC and/or EC/IC25 without consideration of 
concentration-response showed toxicity, resulting in a false positive error of 14.8%. However, after 
application of USEPA’s concentration-response evaluation, three of the four samples originally reported 
as “toxic” were corrected and determined to be “non-toxic”.15 Therefore, application of the 
concentration-response evaluation in this study decreased the false positive error from 14.8% to 3.8%. 
Similarly, in the same study, three out of 24 non-toxic blank samples tested using the fathead minnow 
chronic toxicity test without consideration of concentration-response were reported as “toxic”, resulting in 
false positive error rate of 12.5%. However, after application of USEPA’s concentration-response 
evaluation, two of the three samples originally reported as “toxic” were corrected and determined to be 
“non-toxic”.16 Therefore, application of the concentration-response evaluation in this study decreased 
the false positive error in the fathead minnow chronic test from 12.5% to 4.17%.  

 
Without multiple concentration testing and the subsequent concentration-response evaluation, an 

unacceptably high false positive error rate would have been observed for both the Ceriodaphnia dubia 
                                                           
14 USEPA. Final Report: Interlaboratory Variability Study of EPA Short-term Chronic and Acute Whole Effluent 
Toxicity Test Methods, Vol. 1; EPA-821-B-01-004 (Sept., 2001). [Exhibit 5] 
15“A total of 27 valid tests were conducted on blank samples by 22 participant laboratories (Table 9.7). No false 
positives were observed for the survival endpoint. The survival NOEC was 100% for all 27 blank samples, and the 
LC50 was >100% for all 27 blank samples. One false positive was observed for sublethal endpoints. The 
reproduction NOEC for sample 9450 was 25%, and the reproduction IC25 for this sample was 15.9%. The resulting 
false positive rate calculated in the WET Variability Study for the Ceriodaphnia chronic test method was 3.70% for 
the reproduction endpoint. The one false positive that was observed for this method originated from a laboratory that 
failed all other Ceriodaphnia chronic tests conducted. In addition to the false positive reported above, a participant 
laboratory reported a reproduction IC25 of less than 100% for sample 9332, indicating a false positive result. Based 
on EPA guidance for evaluating concentration-response relationships (USEPA, 2000a), this value was determined to 
be an anomalous result of the ICp (percentage inhibition concentration) smoothing procedure, and the IC25 was 
corrected to >100% (Table 8.4). A participant laboratory also reported a survival NOEC and reproduction NOEC of 
less than 100% for sample 9379, indicating a false positive result. This sample exhibited an interrupted 
concentration-response curve, and based on EPA guidance for evaluating concentration-response relationships, the 
survival NOEC and growth NOEC were recalculated and reported as 100% (Table 8.4). Sample 9341 also produced 
an interrupted concentration-response curve, but the reproduction NOEC was similarly recalculated and reported as 
100% (Table 8.4).” 
16 “A total of 24 blank samples were analyzed by 20 participant laboratories (Table 9.18). No false positives were 
observed for the survival endpoint. The survival NOEC was 100% for all 24 blank samples, and the LC50 was 
>100% for all 24 blank samples. One false positive was observed for sublethal endpoints. The growth NOEC for 
sample 9158 was 50%, and the growth IC25 for this sample was 93.6%. The resulting false positive rate calculated 
in the WET Variability Study for the fathead chronic test method was 4.35% for the growth NOEC and 4.17% for 
the growth IC25. The one false positive that was observed was due to poor survival in a single replicate of the 100% 
test concentration treatment. For this sample, the survival in the 100% test concentration was 90%, 100%, 90%, and 
50% for the 4 replicates, respectively. Disregarding replicate 4, the survival for this treatment would be identical to 
the control survival (95%). In addition to the false positive reported above, participant laboratories reported a NOEC 
of less than 100% for two additional samples (9145 and 9209), indicating false positive results. These samples 
exhibited an interrupted concentration-response curve. Based on EPA guidance for evaluating concentration-
response relationships, the growth and survival NOEC for sample 9145 was recalculated and reported as 100%, and 
the growth NOEC for sample 9209 was reported as inconclusive (Table 8.4).” 
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and fathead minnow chronic bioassay tests. In response to the findings of this study, USEPA amended 
their method protocols to specifically require multiple concentration testing and application of a 
concentration-response evaluation for all NPDES final effluent testing. These amended protocols were 
ultimately promulgated for nationwide use in 2002. 

 
In a legal challenge to the 2002 promulgated methods, the court found that “[t]he ratified WET 

tests are not without their flaws” and cautioned that “[e]ven by EPA’s calculations, WET tests will be 
wrong some of the time.17 However, the court upheld those methods because USEPA had provided 
adequate safeguards within those methods to protect against the concerns raised by the plaintiffs. One of 
these safeguards was the requirement to use a multiple-concentration test that includes a concentration-
response evaluation.  “EPA also offered an additional safeguard by designing the tests to give permittees 
the benefit of the doubt, limiting false positive rates to at most 5%, while allowing false negative rates up 
to 20%.”18 These safeguards have been removed from the method with use of the two-concentration test 
method, which merely compares an effluent sample at the IWC, which is set at 100% effluent where there 
is no dilution credit, to a control blank using the TST statistical test.  

 
It has been suggested by USEPA and Tetra Tech that a more thorough review of USEPA’s blank 

study data revealed several previously undetected quality assurance and quality control issues that at least 
partially explains the presumed high false positive error rate associated with the TST.19  However, the 
restrictions being imposed by requiring use of the two-concentration TST method will also restrict the 
ability of toxicologists to identify and address similar issues when interpreting compliance test results. 

 
Additionally, although more challenging to quantify, evaluation of the concentration-response 

relationship is also highly effective at identifying potential false negative results (incorrectly identifying a 
sample as non-toxic when it is toxic) as well. The example below contains the results from a recent 
toxicity test statistically determined to be “non-toxic” but was subsequently identified as inconclusive and 
repeated based on the evaluation of the concentration-response relationship. 
 

                                                           
17 Edison Electric v. EPA, 391 F.3d 1267, 1272-1274 (D.C. Cir. 2004). 
18 Edison Electric, 391 F. 3d at 1272. 
19 Tetra Tech presentation at the August 22, 2011 State Board TST Workshop, slides 22 through 28, which can be 
found on the following website: 
 http://www.swrcb.ca.gov/water_issues/programs/state_implementation_policy/docs/testdrive_presentation.pdf. 
[Exhibit 6] 

http://www.swrcb.ca.gov/water_issues/programs/state_implementation_policy/docs/testdrive_presentation.pdf
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Figure 1. Dose-response pattern depicting a likely false negative error. 
 
In the absence of multi-concentration testing and a concentration-response evaluation, the results 

depicted above would have been identified as an unqualified “Pass” using the TST protocol. However, 
pending the findings of additional data evaluations, this test that otherwise would have been declared 
“non-toxic” or “Pass”, will likely be identified as “inconclusive” and repeated after conducting a dose-
response relationship evaluation. 

 
Regarding the technical merit of evaluating concentration-response when running the TST, in its 

Response to Comments on tentative NPDES permits for the Whittier Narrows and Pomona WRP, which 
contain chronic toxicity provisions essentially identical to those in this Tentative Permit, the Regional 
Board indicated that multiple concentration testing and concentration-response evaluations are only 
conducted to interpret the NOEC or a point estimate, stating, “the concentration-response relationship…is 
solely a test review step for when the statistical approach uses either a No Observable Effect 
Concentration (NOEC)/Lowest Observed Effect Concentration (LOEC) or a point estimate (EC25). This 
permit is not requiring either of these independent approaches.”20 Furthermore, during the adoption 
hearing for the Whittier Narrows and Pomona WRP NPDES permits, Regional Board and EPA Region 
IX staff indicated that multiple concentration testing and concentration-response evaluations are not 
appropriate to use for the TST, and such use would have no statistical or technical merit. However, at 
page 4-3 of USEPA’s own guidance on the WET testing methods21 (Method Guidance), which addresses 
concentration-response evaluations, states that an “evaluation of the concentration-response relationship 
generated for each sample is an important part of the data review process that should not be overlooked.”  
The same page of this reference further concludes that “reviewing concentration-response relationships 
should be viewed as a component of a broader quality assurance and data review and reporting process.” 
This process includes data review, evaluation of test acceptability, evaluation of reference toxicant testing 
results, organism health evaluations, and test variability evaluation.   
                                                           
20 Regional Board, Response to Comments, Joint Outfall System, Whittier Narrows Water Reclamation Plant, 
Tentative NPDES Permit, October 24, 2014. [Exhibit 7] Page 1. 
21 USEPA. Method Guidance and Recommendations for Whole Effluent Toxicity (WET) Testing. EPA-821-B-00-
004. [Exhibit 8] 
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Finally, some have incorrectly contended that a 2011 State Water Resources Control Board (State 

Water Board) “Test Drive” analysis22 (Test Drive) definitively demonstrated that the accuracy of the two-
concentration test design using the TST was the same or better than the five-concentration test design 
using the NOEC. This analysis ultimately determined that the TST identified a similar number of final 
effluent and receiving water toxicity tests as “toxic” as the NOEC (for most endpoints; this was not the 
case for the fathead minnow endpoints). However, this analysis did not compare or evaluate the impact of 
reducing the minimum number concentrations from five and a control to one and a control. All of the 
final effluent data used in the analysis were selected among valid WET tests submitted to the regulatory 
authorities for NPDES compliance determination. Therefore, all of the final effluent tests used to compare 
the NOEC and TST were obtained from tests using a minimum of five concentrations and a control that 
would have incorporated all protocol-required QA/QC and data validation procedures, including 
evaluation of the concentration-response relationship. Additionally, the “test drive” also included a 
sizeable number of ambient/receiving water toxicity test results. All of these ambient/receiving water 
toxicity tests were conducted using a single concentration and control test design, and the number of tests 
identified as “toxic” with the TST and NOEC were also found to be similar (again, with the exception of 
certain endpoints). However, this study did not and could not evaluate and compare results from final 
effluent tests conducted using a five concentration and control NOEC design to those on the same effluent 
samples obtained using a single concentration and control TST test design.  The Test Drive simply 
compared the TST and NOEC statistical procedures.  

 
Furthermore, the “test drive” mischaracterized these findings in claiming that the TST identified 

more “truly toxic” or “truly nontoxic” tests correctly than the NOEC. All of the tests were conducted on 
actual final effluent and receiving water/ambient samples. Therefore, the “true” or “actual” toxicity of any 
sample is unknown. The “test drive” erroneously inferred that if a sample exhibited a 25% effect or 
greater that it was “truly toxic” or if a sample exhibited an effect of 10% or less it was “truly nontoxic”. 
As the USEPA found in its 2001 inter-laboratory validation study using “true” nontoxic blank samples, 
effects as high as 80% can be observed by some laboratories when analyzing a sample that is completely 
nontoxic. The inter-laboratory validation study determined that laboratories finding completely nontoxic 
blank samples “toxic” was not a rare event; before consideration of concentration-response relationships 
15% of Ceriodaphnia reproduction tests on blank samples were incorrectly determined to be toxic and 
13% of fathead minnow growth tests on blank samples were incorrectly determined to be toxic. This well 
documented finding would refute any conclusion that a test that exhibited a 25% effect or greater was 
“truly toxic”. Likewise, although not empirically quantified, it can also be assumed that actual “toxic” 
samples will, on some occasions, exhibit effects less than 10%.  

 
It should also be noted that, although the Test Drive determined that frequency of identifying 

toxic and non-toxic samples as a whole across all species and endpoints were comparable between the 
NOEC and TST, an examination of species-specific results indicated that a significantly higher frequency 
of toxicity detection was observed in the freshwater chronic toxicity tests (specifically for the fathead 
minnow and Ceriodaphnia).  Of particular concern were the Test Drive results for the fathead minnow 
chronic survival endpoint. The Test Drive reported 52 tests as being “toxic” for this endpoint using the 
NOEC as compared to 142 tests identified as “toxic” using the TST.23 This means that almost three times 
as many chronic fathead minnow survival tests will be reported as being toxic using the TST than with 
the NOEC. Although less dramatic, the Test Drive results for the Ceriodaphnia dubia reproduction 
endpoint also showed significantly more “toxic” determination than did the NOEC. The Test Drive 

                                                           
22 Effluent, Stormwater, and Ambient Toxicity Test Drive Analysis of the Test of Significant Toxicity (TST). 
California State Water Resources Control Board. December 2011. [Exhibit 9] 
23 Effluent, Stormwater, and Ambient Toxicity Test Drive Analysis of the Test of Significant Toxicity (TST). 
California State Water Resources Control Board. December 2011. Page 28.  



10 
 

identified 216 tests as “toxic” using the NOEC and 233 tests as “toxic” using the TST24. This represents a 
nearly 8% increase in the number of tests identified as “toxic” using the TST compared to the NOEC. 
Overall, the Test Drive actually demonstrated that use of the TST will significantly increase the frequency 
of identifying sample results as “toxic” for the freshwater species used in this Tentative Permit.   

 
While some contend that the State Board Test Drive adequately demonstrated that the false 

positive error rate for the TST statistical test is comparable to the NOEC statistical test, such a conclusion 
is unfounded. The Test Drive was not able to estimate the false positive error rate of either the NOEC or 
the TST because the analysis was not conducted on known non-toxic blank samples. Tests used in the 
Test Drive evaluation were performed on effluents, receiving waters, and ambient waters whose actual or 
true “toxicity” was not known. Some of the tests that exhibited relatively high measured effects may have 
actually had low actual effects and been “non-toxic” while others that exhibited relatively small measured 
effects may have been truly “toxic.” Additionally, as discussed above, this analysis failed to examine the 
impact of eliminating the concentration-response evaluation on false positive error rates as the five-
concentration effluent test data all was subjected to concentration-response QA/QC evaluation.  In the 
absence of any actual studies on the error rate of the two-concentration TST method, based on inference 
from the Variability Study referenced above, the single test false positive error rate for the two-
concentration TST method, as it lack concentration-response analysis, is estimated to be approximately 
14%. Assuming a similar 14% single test false positive error rate for the two-concentration TST method, 
a Permittee can expect to observe, on average, a monthly median exceedance (failing two out of three 
tests conducted in a calendar month) twice during the five-year permit cycled at each WRP even if the 
final effluent was completely non-toxic. 
 

It is for these reasons detailed above that the 40 CFR Part 136 promulgated chronic toxicity 
testing protocols concluded that test review, including evaluation of the concentration-response 
relationship, is necessary for ensuring that all test results are reported accurately25. In addition to being 
necessary for accurate result interpretation, the Promulgated Method also directly requires that multiple 
concentration testing be conducted for all NPDES effluent compliance determination tests. It further 
requires that an evaluation of the concentration-response relationship be conducted and strongly 
recommends against the use of two-concentration (control and IWC) test designs for NPDES. 
Furthermore, the TST Guidance Document also recognizes that toxicity tests should be conducted 
following these same requirements and furthermore specifically references conducting multiple 
concentration testing before application of the two-concentration TST statistical procedure.  

 
While the Sanitation District agrees that evaluation of toxicology can be complex and the 

evaluation of the concentration-response requires specialized expertise, the process and procedures that an 
Environmental Laboratory Accreditation Program (ELAP) certified laboratory follows to conduct such an 
evaluation are stringently evaluated every two years. This evaluation includes a site visit and 
comprehensive audit of all standard operating procedures, training, staff qualifications, documentation, 
and record keeping every two years by an ELAP auditor. 
 

Therefore, we request that the following changes be made to the Tentative Permit to accurately 
reflect allowable and required 40 CFR Part 136 protocol evaluation procedures that include the ability 
conduct multiple concentration tests and an appropriate dose response relationship evaluation. 
 
Page 29, Section VII.J (first paragraph): 

                                                           
24 Effluent, Stormwater, and Ambient Toxicity Test Drive Analysis of the Test of Significant Toxicity (TST). 
California State Water Resources Control Board. December 2011. Page 28.  
25 Short-Term Methods for Estimating the Chronic Toxicity of Effluent and Receiving Water to Freshwater 
Organisms, Fourth Ed., EPA-821-R-02-013. October 2002. Section 10.2. Page 49. 
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“The discharge is subject to determination of “Pass” or “Fail” and “Percent Effect” from a single-
effluent concentration chronic toxicity test at the discharge IWC using the Test of Significant 
Toxicity (TST) approach described in National Pollutant Discharge Elimination System Test of 
Significant Toxicity Implementation Document (EPA 833-R-10-003, 2010), Appendix A, Figure 
A-1, and Table A-1. The null hypothesis (Ho) for the TST approach is: Mean discharge IWC 
response ≤0.75 × Mean control response. A test result that rejects this null hypothesis is reported as 
“Pass”. A test result that does not reject this null hypothesis is reported as “Fail”. The relative 
“Percent Effect” at the discharge IWC is defined and reported as: ((Mean control response - Mean 
discharge IWC response) ÷ Mean control response)) × 100.” 
 

Page 29, Section VII.J (last paragraph): 
“The chronic toxicity MDEL and MMEL are set at the IWC for the discharge (100% effluent) and 
expressed in units of the TST approach (“Pass” or “Fail”, “Percent Effect”). All NPDES effluent 
compliance monitoring for the chronic toxicity MDEL and MMEL shall be reported using only 
the 100% effluent concentration and negative control, expressed in units of the TST. The TST 
hypothesis (Ho) (see above) test is not tested using a multi-concentration statistical test design; 
therefore, the concentration-response relationship for the effluent and/or PMSDs shall not be used 
to interpret the TST result reported as the effluent compliance monitoring result. While t The 
Permittee can opt to monitor the chronic toxicity of the effluent using five or more effluent 
dilutions (including 100% effluent and negative control) and utilize all 40 CFR Part 136 specified 
procedures, including evaluation of the concentration response, to determine if results are reliable 
and should be reported, anomalous and should be explained, or that the test was inconclusive and 
should be repeated. Oonly results generated using the TST statistical procedure on bioassay data 
meeting 40 CFR Part 136 QA/QC requirements result will be considered for compliance 
purposes. The Board may consider results of any TIE/TRE studies in an enforcement action.” 

 
Comment 3.  The Permittee should not be required to conduct routine toxicity compliance 
monitoring and should not be liable for continued MMEL and MDEL WET violations after 
triggering accelerated testing and initiation of the TRE.  
 

The 2009 NPDES permit for the Valencia WRP required accelerated testing following an 
exceedance of its monthly median chronic toxicity trigger. The purpose of the accelerated testing was to 
confirm that toxicity was indeed present, not simply the result of false positive test results or an 
ephemeral toxicity event, and to ensure that any toxicity was persistent enough to identify the source of 
the toxicity. If accelerated testing confirmed the toxicity, the 2009 permit required a Toxicity Reduction 
Evaluation/Toxicity Identification Evaluation (TRE/TIE) to identify the specific cause or causes of the 
observed toxicity. The accelerated testing and TRE process represents essentially a confirmation and 
diagnosis process, as toxicity cannot be addressed until the cause of the toxicity is known.  

 
The Tentative Permit does not allow time for this confirmation and diagnosis process to occur, 

but instead continues to require monthly chronic toxicity compliance determinations to be made during 
the accelerated testing and TIE/TRE process. This subjects the Sanitation District to additional liability 
for violations during this critical confirmation and diagnosis process, which is unnecessarily punitive. The 
Sanitation District will be penalized even when all appropriate steps are being timely and diligently taken 
the resolve the issue. The apparent justification for this requirement is to incentivize the Sanitation 
District to move quickly during this TIE/TRE process, but the Permits themselves contain tight timelines 
for required actions, so no need exists to impose additional violations during this process so long as the 
process is being diligently undertaken.  

 
In addition to being unnecessarily punitive, assessing compliance during accelerated testing 

would be challenging because the regulatory threshold used during accelerated testing is different from 
the threshold for used routine compliance determination. For routine compliance determination, a 
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monthly median TST is used to evaluate compliance. During accelerated testing, a single TST exceedance 
is used as a TRE trigger. Under this bifurcated approach, a Permittee could “Fail” one of the four 
accelerated tests while “Passing” the MMEL compliance tests. This would result in the triggering of a 
TRE on a Permittee that is actually demonstrating compliance. Additionally, if the MMEL compliance 
monitoring tests and the accelerated monitoring both resulted in “Fail”, it is unclear if additional 
accelerated testing would be conducted concurrently with the TRE in response to the new MMEL failure. 
Finally, during the TRE, a Permittee could demonstrate compliance with the MMEL while in the middle 
of the TRE analysis. In such a situation, it is unclear if the Permittee could end the TRE or would be 
forced to continue TRE implementation even while currently in compliance with the applicable effluent 
limit. 

 
Overall, it seems to be of very little use to require accelerated testing or the initiation of a TRE 

while the Permittee is actually demonstrating compliance with the applicable limits. By requiring 
continued compliance monitoring during accelerated testing and TRE initiation, such confounding 
scenarios are likely to be observed. The only reasonable solution to these multiple conflicts, which are not 
addressed in any way in the Permits, is to discontinue routine compliance monitoring during the 
accelerated monitoring/TIE/TRE process and alternatively assess compliance based on the Permittee’s 
response when conducting accelerated testing and/or TRE implementation. A less satisfactory, partial 
solution to some of the conflicts would be to allow the District to discontinue accelerated testing and/or 
TRE plan implementation if compliance with the applicable limits is demonstrated during a calendar 
month.  

 
Additionally, State Water Board staff has been actively working on the development of a 

statewide policy/plan to address regulation of WET for several years now. A significant and meaningful 
part of this process includes working with multiple stakeholders across the state and the issue discussed 
above has been a part of the discussions with State Board staff. As a result, State Board staff has made its 
intentions known that, after an initial WET limit violation, no further violations should be incurred during 
accelerated testing and for a period of six months after initiation of the TRE implementation plan 
provided that the Permittee conducts the required and appropriate actions to address the WET 
exceedance.  Under staff’s proposal, an extension of the six-month exemption could be granted by the 
regulating authority on a case-by-case basis26. This approach would allow for the Permittee to focus any 
and all available efforts on quickly confirming the persistence of toxicity during accelerated testing and/or 
more completely characterizing and identifying the toxicity-causing constituent(s) during the TRE instead 
of conducting additional independent testing that would not be useful in achieving the goal of controlling 
toxicity. Because the State Water Board approach is an outgrowth of a wider stakeholder process, this 
suggested approach should have been applied in the Permits. 

 
It is our understanding that the USEPA has approved this approach in other recent NPDES 

permits. This approach was included in the California Regional Water Quality Control Board, San Diego 
Region’s (San Diego Regional Board’s) NPDES permit for the San Diego Naval Complex on August 14, 
2013, which stated that there would be an initial violation imposed for exceeding the applicable limit, but:  
“…Any exceedances occurring during a required accelerated monitoring period and, if appropriate, a 
TRE period shall not constitute additional violations provided that: (1) the Discharger proceeds with the 
accelerated monitoring and TRE (if required) in a timely manner; and (2) the accelerated monitoring and 
TRE are completed within one year of the initial exceedance. The San Diego Water Board has the 
discretion to impose additional violations and initiate an enforcement action for toxicity tests that result in 
a "fail" after one year from the initial violation. Additionally, a discharger's failure to initiate an 
accelerated monitoring schedule or conduct a TRE, as required by this Order will result in all exceedances 
being considered violations of the MDEL or MMEL and may result in the initiation of an enforcement 

                                                           
26 State Water Board, Fact Sheet, Draft Toxicity Amendment to the Water Quality Control Plan for Enclosed Bays 
and Estuaries of California, Revision Summary, August 2013. [Exhibit 10] 
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action.”27 Prior to adoption of this permit, USEPA sent a comment letter on the Naval Complex permit 
and in that letter stated that, “EPA has worked closely with the State and Regional Water Boards to 
ensure effluent limitations and testing are conducted consistent with federal and state requirements.”28  
This same language is also include in the San Diego Regional Board’s NPDES permit for the San Diego 
Point Loma Naval Complex NPDES permit adopted on June 26, 201429.  

 
Since “toxicity” is a characteristic of an effluent and not a constituent, all toxicity efforts 

conducted after an exceedance of an MDEL or MMEL WET limit should focus on quantifying the 
persistence of toxicity and identifying the pollutant cause of the exceedance. The accelerated testing 
following an MMEL or MDEL exceedance is conducted to confirm that toxicity is persistent enough to 
warrant the exceptional efforts and costs that are incorporated in the TRE process, including TIE testing, 
and the TRE is specifically intended to identify the specific cause or causes of the observed toxicity (and 
ultimately confirm that toxicity is no longer present).  Since the accelerated bioassay tests are conducted 
following all requirements of the 40 CFR Part 136 methods, they must be and are reported concurrently 
with all other NPDES results in the monthly report. Additionally, in addition to various recommended 
investigatory actions included as part of our initial TRE Plan, the Sanitation District’s TRE Plan contains 
provisions to conduct TIEs during the TRE implementation process. Therefore, the Regional Board will 
continue to receive chronic toxicity testing and other investigatory data throughout the accelerated testing 
and TRE Plan initiation process. 

 
Because the State Water Board approach is an outgrowth of a wider stakeholder process, we 

believe that the “alternative compliance” approach that suspends use of the MDEL and MMEL in favor of 
an effort-based compliance approach contemplated and even proposed by the State Water Board should 
be applied to the tentative permit. Based on these comments, the following changes are requested: 

 
Page E-16, MRP Section V.A.7. (last sentence of the last paragraph): 

“During accelerated monitoring schedules, only TST results (“Pass” or “Fail”, “Percent Effect”) 
for chronic toxicity tests shall be reported as effluent compliance monitoring results for the 
chronic toxicity MDEL and MMEL.” 
 

Page E-16, MRP Section V.A.8: 
“During the TRE Process, monthly effluent monitoring shall resume and TST results (“Pass” or 
“Fail”, “Percent Effect”) for chronic toxicity tests shall be reported as effluent compliance 
monitoring results for the chronic toxicity MDEL and MMEL.” 

 
Page E-17, MRP Section V.A.8.d: 

“The Permittee shall continue to conduct routine effluent monitoring for compliance 
determination purposes while the TIE and/or TRE process is taking place. Additional accelerated 
monitoring and TRE work plans are not required once a TRE is begun.” 

 
 
 
 
 
                                                           
27 San Diego Regional Board Order No. R9-2013-0064, NPDES No. CA0109169, Waste Discharge Requirements 
for the United States Department of the Navy, Naval Base San Diego Complex, San Diego County., MRP pg. 21, 
Para. F. [Exhibit 11] 
28 USEPA Region IX, Letter from David Smith, Manager of the NPDES Permits Office to David Barker, 
Supervising Water Resource Engineer, San Diego Water Board, July 8, 2013. [Exhibit 12] 
29 San Diego Regional Board Order No. R9-2014-0037, NPDES No. CA0109363, Waste Discharge Requirements 
for the United States Department of the Navy, Point Loma San Diego Complex, San Diego County., MRP pg. 16,  
[Exhibit 13] 



SPECIFIC COMMENTS ON PROVISIONS NOT RELATED TO TOXICITY 

Comment 4. The Permittee should not be responsible fm· conducting or funding watershed-wide 
random bioassessment data collection without sufficient and cost equivalent reductions in existing 
monitoring requirements. 

The tentative NPDES permit for the Valencia WRP requires the Permitee to conduct instream 
bioassessment monitoring the random monitoring stations designated by the Santa Clara River Watershed 
Monitoring Program (Section IX.A.3. on page E-22). This represents a significant increase in existing 
monitoring effmts with these efforts being expended into reaches and areas of the Santa Clara River not 
influenced by the Permittee's discharge. For this reason, the following change is requested: 
Page E-22, MRP Section IX.AJ. Clast sentence of the last paragraph): 

"In coordination with interested stakeholders in the Santa Clara River Watershed, the Discharger 
shall conduct instream bioassessment monitoring once a year, during the spring/summer period 
(unless an alternate sampling period is approved by the Executive Officer) and include an 
analysis of the community structure of the instream macroinvertebrate assemblages, the 
community structure of the instream algal assemblages (benthic diatoms and soft-bodied algae), 
chlorophyll a and biomass for instream algae, and physical habitat assessment at the random 
receiving monitoring stations designated in this permit by the Santa Clara River 'Natershed 
Mooitoring Program. The Executive Officer of the Regional Water Board may reduce these 
and/or other monitoring requirements in this permit to provide resources to be used fulfill 
components of the watershed-wide monitoring program that includes collection of biological data 
at randomly selected locations within the watershed. Over time, bioassessment monitoring will 
provide a measure of the physical condition of the waterbody and the integrity of its biological 
communities." 

Comment 5. General technical comments and miscellaneous corrections to the Valencia WRP 
Tentative NPDES permit are included in Attachment B. 

The Sanitation Districts thank you in advance for your careful consideration of these comments. 
If you have any questions concerning this letter or need additional information, please contact Ann Heil at 
(562) 908-4288, extension 2803. 

PLF:ATH:PM:RY:nm 
Attachments 

Very truly yours, 

Grace Robinson Hyde 

1i0lf!~ 
Philip L. Friess 
Department Head 
Technical Services 

cc: Cris Morris, David Hung, Veronica Cuevas-Alpuche, Regional Board 
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Attachment A 
 

General/Legal Comments on Toxicity-Related Provisions on the 
Valencia WRP Tentative Permit 
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Attachment A 
 

General/Legal Comments on Toxicity-Related Provisions 
 
 The Valencia Reclamation Plan (WRP) is currently regulated under National Pollutant Discharge 
Elimination System (NPDES) Order No. R4-2009-0074 [Exhibit 14], which contains the following language 
that was not objected to by the U.S. Environmental Protection Agency (USEPA) when adopted by the 
California Regional Water Quality Control Board, Los Angeles Region (Regional Board) in 2009: 
 

“IV. EFFLUENT LIMITATIONS AND DISCHARGE SPECIFICATIONS 
 

A. Effluent Limitations  
 

1. Effluent Limitations - Discharge Points 001 and 002 
 
    i. Chronic Toxicity Trigger and Requirements: 
 

i. The chronic toxicity of the effluent shall be expressed and reported in toxic 
units, where: 

 
TUc = 100/NOEC 

 
The No Observable Effect Concentration (NOEC) is expressed as the maximum 
percent effluent concentration that causes no observable effect on test organisms, 
as determined by the results of a critical life stage toxicity test. 

 

ii. There shall be no chronic toxicity in the effluent discharge. 
 

iii. If the chronic toxicity of the effluent exceeds the monthly trigger median of 
1.0 TUc, the Discharger shall immediately implement accelerated chronic 
toxicity testing according to Attachment E - MRP, Section V.B.3. If any 
three out of the initial test and the six accelerated tests results exceed 1.0 TUc, 
the Discharger shall initiate a TIE and implement the Initial Investigation TRE 
Workplan, as specified in Attachment E – MRP, Section V.D and VE. 

 

iv. The Discharger shall conduct chronic toxicity monitoring as specified in 
Attachment E – MRP.” 

 

 The regulatory construct of the permit adopted in 2009 is consistent with the requirements of State 
Water Resources Control Board’s (State Water Board’s) precedential and binding Order Nos. WQO 2003-
0012 and WQO 2003-0013, which revised the earlier NPDES permits for the Long Beach and Los Coyotes 
WRPs and the Whittier Narrows WRP, respectively, to remove and replace numeric chronic toxicity limits 
with: “There shall be no chronic toxicity in the effluent discharge.”  Instead of numeric limits, the State 
Water Board mandated the use of a narrative limit and supplemental numeric toxicity triggers. 
 
 Notwithstanding the fact that USEPA had allowed NPDES permits to be written in California in 
this prescribed manner for eleven years without formal objection, on July 31, 2014, the USEPA Region 9 
filed an initial objection letter [Exhibit 15] on pre-public notice drafts of two NPDES permits up for 
reissuance for the Sanitation Districts, for the Whittier Narrows and Pomona WRPs. The pre-public 
notice drafts of the Pomona WRP and Whittier Narrows WRP NPDES permits contained toxicity provisions 
similar to those for the 2009 Valencia WRP NPDES permit, with a narrative effluent limit and supplemental 
toxicity triggers. The pre-public notice draft Pomona WRP NPDES permit differed from the pre-public 
notice draft Whittier Narrows WRP NPDES permit, however, in that it required use of a trigger based on a 
“Pass/Fail” approach using the Test of Significant Toxicity (TST) approach instead of numeric chronic 
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toxicity units (TUc) as the trigger.  The initial objection letter was followed by a formal objection letter 
(Formal Objection Letter) on September 4, 2014. [Exhibit 16] Instead of following State Water Board 
mandates, the Regional Board modified the draft permits to include new numeric chronic toxicity limits, 
and the permits were adopted in November 2014. 
 

These chronic toxicity limits included in the Pomona and Whittier Narrows WRP NPDES 
permits after issuance of the EPA formal objection letter are now contained in Section IV.A. (Table 4, p. 
8) of the proposed Valencia WRP NPDES Permit (Tentative Permit) as “Pass” as a Median Monthly 
Effluent Limitation (MMEL) and “Pass or % Effect <50” as a Maximum Daily Effluent Limitation 
(MDEL). These terms are defined in Section VII.J (i.e., Compliance Determination, Chronic Toxicity) on 
pg. 29 of the Tentative Permit. The Sanitation Districts request that the numeric chronic toxicity limitations 
be removed and replaced by a narrative toxicity effluent limitation consistent with the State Water Board 
precedential orders, Order Nos. WQO 2003-0012 and WQO 2003-0013. 
 
 Additional details regarding this request and other general comments relating to the toxicity 
provisions in the Tentative Permit are provided below. Because the toxicity provisions in the Tentative 
Permit are essentially identical to those included in the Pomona and Whittier Narrows WRP NPDES 
permits after issuance of the USEPA Formal Objection Letter, comments relating to the Formal Objection 
Letter are included here for completeness. 
 
Comment  A-1.  The  chronic  toxicity  limits  are  premature  until  the  State  Water  Board  adopts  its 
promised statewide toxicity policy. 
 
 On September 16, 2003, the State Water Board adopted two precedential orders, Order No. WQO 
2003-0012, in response to petitions filed by the County Sanitation District No. 2 of Los Angeles County1 
and Santa Monica Baykeeper for the Los Coyotes and Long Beach WRP NPDES permits [SWRCB/OCC 
File Nos. A-1496 and A-1496(a)], and Order No. WQO 2003-0013, in response to a petition filed by the 
Sanitation Districts on the 2002 version of the Whittier Narrows WRP NPDES Permit, Order No.  
R4-2002-0142) [SWRCB/OCC File Nos. A-1509 and A-1509(a)].  In these 2003 precedential orders, the 
State Water Board found that the use of final numeric whole effluent toxicity (WET) limitations in 
permits for Publicly Owned Treatment Works (POTWs), particularly those that discharge to inland surface 
waters, is an issue of statewide importance that should be addressed in a statewide plan or policy. In 
addition, the State Water Board instructed regional boards to replace any numeric chronic toxicity effluent 
limitations with the prescribed narrative chronic toxicity limitation until a statewide toxicity policy is 
adopted.  The Sanitation Districts’ 2003 and 2009 NPDES permits for the Valencia WRP were issued with 
the toxicity trigger requirements of State Board Order Nos. WQO 2003-0012 and WQO 2003-0013. 
 
 Although the main issue on WET limits was decided by the State Water Board in WQO 2003-0012 
and WQO 2003-0013 in 2003, this decision was later upheld and followed in other, subsequent precedential 
State Water Board Orders, including WQO 2008-08 (City of Davis) and WQO 2012-0001(City of Lodi).  
The 2012 Lodi order at page 22 recognized that “[t]he Board previously addressed this issue in a 
precedential decision” and has “concluded that a numeric effluent limitation for chronic toxicity was not 
appropriate in the permit under review, but that the permit had to include a narrative effluent limitation for 
chronic toxicity.”  [Emphasis  added.]  In  the  Lodi  case,  the  State  Water  Board  determined  that  
because  the discharge had the reasonable potential to cause or contribute to an excursion above the Basin 
Plan’s narrative toxicity objective, on remand the Central Valley Water Board was ordered to “amend Order 
No. R5-2007-0113 to add an appropriate narrative chronic toxicity limitation.”  See also State Water Board 

                                                           
1 Per the terms of the 1995 Joint Outfall Agreement, County Sanitation District No. 2 of Los Angeles County serves as 
the appointed agent for the Joint Outfall System. 
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Order No. WQO 2008-0008 at pgs. 5-7 (concluding that a numeric effluent limitation for chronic toxicity is 
not appropriate at this time). 
 
 Thus, no less than four precedential State Water Board orders mandate a narrative chronic toxicity 
limit for inland dischargers, all of which are being violated by the language contained in the Tentative 
Permit.  The Sanitation Districts merely ask the Regional Board to follow the State Water Board’s binding 
precedential orders and include a narrative effluent limitation, consistent with the Basin Plan’s narrative 
objective, along with a trigger for additional testing. 
 
 This approach would also be consistent with the Los Angeles (LA) Basin Plan, which states, in 
pertinent part, the following related to chronic toxicity: 
 

“All waters shall be maintained free of toxic substances in concentrations that are toxic to, or 
that produce   detrimental   physiological   responses   in,   human,   plant,   animal,   or   
aquatic   life. Compliance with this objective will be determined by use of indicator 
organisms, analysis of species diversity, population density, growth anomalies, bioassays 
of appropriate duration or other appropriate methods as specified by the State or Regional 
Board.” (LA Basin Plan at pg. 3- 
16 (emphasis added).) 

 
 Since the State Water Board has specified how compliance with chronic toxicity requirements for 
inland dischargers should be determined until such time that a new statewide policy is adopted, the 
Regional Board is bound by that determination, not only by Order Nos. WQO 2003-0012 and WQO 2003-
00132, but also by the language of the Basin Plan.3 
 
 Because the State Water Board has not yet adopted its anticipated statewide policy for chronic 
toxicity, the inclusion of numeric chronic toxicity effluent limitations lacks adequate authority, violates 
State Water Board precedent, and represents an abuse of discretion.   For these reasons, the Sanitation 
Districts respectfully request that the chronic toxicity limits as proposed be removed from the Permit and 
replaced with a narrative chronic toxicity limit and triggers as contained in the previous permit. 
 
Comment A-2. The chronic toxicity requirements improperly require use of an unpromulgated test 
method. 
 
a)   The TST without inclusion of a concentration-response evaluation is not a promulgated Part 136 
method. 
 
 The Tentative Permit makes it very clear that, for parameters where such methods exist, the 
monitoring must use only approved Part 136 methods, properly promulgated by EPA.  (See proposed 
permit at pg. E-2 (“Pollutants shall be analyzed using the analytical methods described in 40 C.F.R. Part 
136….”); pg. E-8, n. 4; pg. E-9, n. 8; pg. E-13 at para. V.A.3; pg. E-19, n. 29; pg. E-25 at para. X.B.4.; pg. 
H-2 at para. A.4.a.) The language in the Tentative Permit appears to mean that use of a multi-concentration 
test design for chronic toxicity, with consideration of the resulting concentration-response pattern in 

                                                           
2 The Tentative Permit does not even acknowledge the existence of Order No. WQO 2003-0013, and only discusses 
Order No. WQO 2003-0012. (See the Tentative Permit at pg. F-70.) 
3 In fact, the State Water Board’s requirement in Order Nos. WQO 2003-0012 and WQO 2003-0013 to include an 
effluent limit requiring “no chronic toxicity in the effluent discharge” is actually more stringent than the Basin Plan’s 
Toxicity Objective, which only requires “no chronic toxicity in ambient waters outside mixing zones.” (LA Basin Plan 
at pg. 3-17.) 
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assessing the validity of the test, is not allowed.  (Tentative  Permit  page  29,  Section  VII.J,  “the  
concentration-response  relationship  for  the effluent and/or PMSDs shall not be used to interpret the TST 
result reported as the effluent compliance monitoring result.”) This is contrary to the promulgated method 
for freshwater chronic toxicity testing. 
 
 The 40 Code of Federal Regulations (CFR) Part 136 approved methods for freshwater chronic 
toxicity are listed in 40 CFR 136.3(a), Table 1A. These methods include Footnote 27, which mandates 
the use of Short-Term Methods for Estimating the Chronic Toxicity of Effluents and Receiving Waters to 
Freshwater Organisms, EPA-821-R-02-012, Third Edition, October 2002 (EPA 821-R-02-013 or 2002 
Methods) [Exhibit 1 ].  The 2002 Methods make it very clear in several places that a multi-concentration 
test design with dose- response evaluation is required. Several examples are as follows: 
 
“The tests recommended for use in determining discharge permit compliance in the NPDES program are 
multi-concentration, or definitive, tests which provide (1) a point estimate of effluent toxicity in terms of an 
IC25, IC50, or LC50, or (2) a no-observed-effect-concentration (NOEC) defined in terms of mortality, 
growth, reproduction, and/or teratogenicity and obtained by hypothesis testing” (Section 8.10.1) 
 

“The concentration-response relationship generated for each multi-concentration test must be 
reviewed to ensure that calculated test results are interpreted appropriately” (Section 10.2.6.2) 
 
“Tables 1, 3, and 4 (labeled as 3)4 - SUMMARY OF TEST CONDITIONS AND TEST 
ACCEPTABILITY CRITERIA WITH EFFLUENTS AND RECEIVING WATERS (TEST 
METHODS 1000.0, 1002.0, AND 1003.0): 
 
Test concentrations:       
Effluents:              5 and a control (required minimum) 
Receiving Water:    100% receiving water (or minimum of 5) and a control (recommended)” 
 

 In 2010 the USEPA released a guidance document, National Pollutant Discharge Elimination 
System Test of Significant Toxicity [TST]Implementation Document, EPA 833-R-10-003, 2010 (TST 
Implementation Document) [Exhibit 2 ] introducing the TST protocol for analysis of chronic toxicity 
testing data. This guidance document made it clear in numerous places that its intent was to introduce a new 
method of analyzing data collected during a valid WET analysis, including a multiple concentration test 
design. Examples are provided below: 

 
“The TST approach does not result in changes to EPA’s WET test methods promulgated at 
Title 40 of the Code of Federal Regulations Part 136.” (page ii on the Disclaimer) 

 
“Once the WET test has been conducted (using multiple effluent concentrations and other 
requirements as specified in the WET test methods), the TST approach can be used to 
analyze valid WET test results to assess whether the effluent discharge is toxic.” [Emphasis 
added] (page xi) 
 
“This document presents TST as a useful alternative data analysis approach for  valid WET 
test data that may be used in addition to the approaches currently recommended in EPA’s 
Technical Support Document (USEPA 1991) and EPA’s WET test method manuals.” (page 7) 
 

                                                           
4 EPA-821-R-02-013. Tables 1, 3, and 4 (labeled as 3) on pages 76, 165, and 211. 
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“The TST approach is an alternative statistical approach for analyzing and interpreting 
valid WET data; it is not an alternative approach to developing NPDES permit WET 
limitations. Using the TST approach does not result in any changes to EPA’s WET test 
methods.” (page 60) 
 
“Step 1: Conduct WET test following procedures in the appropriate EPA WET test method 
manual. This includes following all test requirements specified in the method (USEPA 1995 
for chronic  West  Coast  marine  methods,  USEPA  2002a  for  chronic  freshwater  WET  
methods, USEPA 2002b for chronic East Coast marine WET methods, and USEPA 2002c for 
acute freshwater and marine methods).” (Appendix B, page B-3). 

 
 In addition, USEPA made changes to approved WET test methods as recently as 2012 in the 
Promulgated Guidelines Establishing Test Procedures for the Analysis of Pollutants under the Clean Water 
Act: Analysis and Sampling Procedures: Final Rule, 77 Fed. Reg. 29758-29846 (May 18, 2012), but did 
not incorporate an option for a two concentration test design with no concentration-response evaluation. If a 
two concentration test design without a concentration-response evaluation was USEPA’s intent in 2010 
when the guidance was released, such a change should have been made in 2012 (See U.S. v. Riverside 
Bayview Homes , 474 U.S. 121, 137 (U.S.S.C. 1985)(An action not to include modifications of which the 
entity was aware can be read as a presumption that the modifications were not intended to be included).) 
 
b)        USEPA’s March 17, 2014 Alternative Test Procedure approval was approval was 
withdrawn. 
 
 In March 2014, USEPA issued an Alternative Test Procedure (ATP) letter approving statewide 
use of a two-concentration toxicity test evaluated using the TST (Letter from Eugenia McNaughton, US 
EPA Region 9 Quality Assurance Office Manager to Renee Spears, State Water Board Quality Assurance 
Officer, untitled, dated March 17, 2014) (ATP Approval Letter) [Exhibit 17]. This letter ignored the 
previous USEPA’s requirements and recommendations described above.  However, on February 11, 
2015, USEPA Region IX withdrew approval of this ATP making the “two-concentration test 
design” for final effluent chronic toxicity testing no longer an allowable 40 CFR part 136 
method. Furthermore, even with the ATP approval, it would be  difficult to see how USEPA could legally 
object to any permittee continuing to use the standard prescribed  2002  test methods  (NOEC  or  IC25)5   if  
these  standard  methods  and  the  ATP  produce “acceptably equivalent” results as claimed in the ATP 
letter. 
 
 For these reasons, and the others provided herein, the Sanitation Districts respectfully request that 
the Tentative Permit be amended to explicitly and clearly specify use of a multi-concentration test design 
with concentration-response evaluation 
 
c)   Use of an ATP Cannot Be Mandated over Promulgated Methods. 
 

Even assuming that the USEPA’s ATP approval was not withdrawn, it is not clear that the 
Sanitation Districts can be required to use the ATP since the ATP Approval Letter states that the TST is 
an acceptable equivalent to the NOEC-LOEC.  Such a requirement would contradict a June 18, 2010 
USEPA Headquarters memo accompanying the TST Implementation Document, from James Hanlon, 
then Director of the EPA Office of Wastewater Management, which stated: “The TST approach does not 
preclude the use of existing  recommendations  for  assessing  WET  data  provided  in  EPA’s  1991  
                                                           
5 See 67 Fed. Reg. 69955 (2002)(“these methods, including the modifications in today’s rule, are applicable for use in 
NPDES permits.”). 
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Water  Quality-based Technical  Support  Document  (TSD)  which  remain valid  for  use  by EPA 
Regions  and  the  States.” [Exhibit 18]  
 
d)   EPA Guidance cannot Overrule Promulgated Regulations. 
 
Page F-47 of the Tentative Permit references two USEPA guidance documents to justify the inclusion 
of toxicity provisions based on the TST: 
 
• National Pollutant Discharge Elimination System Test of Significant Toxicity Implementation 
Document (EPA 833-R-10-003, June 2010) (2010 TST guidance document), and 
 
• EPA   Regions   8,   9   and   10   Toxicity   Training   Tool   (January   2010)   (Training   Tool), 
http://cfpub.epa.gov/npdes/wqbasedpermitting/wet.cfm. 
 
 These documents cannot be used to justify the Tentative Permit’s requirements because these 
guidance documents do not mandate use of the TST, particularly the use of a two-concentration TST test 
design, or require the inclusion of any numeric effluent limitation for toxicity.  Appendix D of the 2010 
TST guidance document includes example permit language for either a trigger or an effluent limitation. The 
Training Tool also discusses both permit triggers and effluent limitations for toxicity.  In the Training Tool, 
as in the federal regulations, effluent limitations are only needed in cases where there is reasonable 
potential and even if there is reasonable potential, effluent limitations for toxicity are not needed if chemical 
specific effluent limitations are included for the pollutants identified as causing the toxicity (Section 2.5, 
page 31).6 As discussed elsewhere in this document, nowhere in the law are numeric effluent limitations for 
chronic toxicity required. 
 
 As a result, the Regional Board can point to nothing in either of the guidance documents cited 
that mandates the use of numeric effluent limitations for toxicity. Additionally, the TST Implementation 
Document is merely guidance that may be changed at any time as policies and directions change. 
Importantly, the disclaimer in that guidance document specifically notes that the document is not “a 
permit or a regulation itself.” The TST Implementation Document clearly states that: 
 

                                                           
6 If State water quality standards contain only narrative water quality criteria for WET and the permit (i.e., fact sheet or 
statement of basis) documents that chemical specific water quality-based effluent limitations (WQBELs) are 
sufficient to attain and maintain the narrative water quality criteria, then WQBELs for WET are not necessary. 40 
CFR §122.44(d)(1)(v).  Arguably, under the terms of the Toxicity objective, effluent limits are only authorized 
pursuant to the terms of the State Implementation Policy (SIP), or for the causative toxicant.   See accord LA 
Basin Plan at pg. 3-17; see also City of Los Angeles et al v. USEPA, et al, Central District Court, Case No. CV 00-
08919 R(RZx)(Dec. 18, 2001)(holding “EPA improperly failed to ensure that the LA-RWQCB adopted a translator 
procedure to translate its narrative criteria did not satisfy 33 U.S.C. §1313(c)(2)(B). In addition, in reviewing the 
LA-RWQCB’s narrative criteria relating to toxic pollutants, EPA improperly failed to ensure that the LA-RWQCB 
set forth sufficient “information identifying the method by which the State intends to regulate the point source 
discharges of toxic pollutants on water quality limited segments based on such narrative criteria.” 40 CFR 
§131.11(a)(2).)  On February 15, 2002, on remand from the federal court, USEPA issued a new approval document 
related to the Basin Plan’s Toxicity objective finding that the adoption of the California Toxics Rule (CTR) made the 
need to use the Toxicity objective less necessary and, in instances where necessary, strongly relied upon the chronic 
toxicity control provisions in the SIP and the direction to the Regional Board to “establish effluent limitations for 
specific toxicants which have been identified with the TIE procedures.”  Thus, in order to comply with the Basin 
Plan, the Regional Board must comply with the SIP and statewide orders interpreting those requirements, including 
Order Nos. WQO 2003-0012 and WQO 2003-0013.  Just because the proposed permit on page F-24 states 
“Requirements of this Order implement the SIP” does not mean this statement is accurate. 

http://cfpub.epa.gov/npdes/wqbasedpermitting/wet.cfm
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“The document does not and cannot impose any legally binding requirements on EPA, states, 
NPDES permittees, or laboratories conducting or using WET testing for permittees (or for 
states in evaluating ambient water quality). EPA could revise this document without public 
notice to reflect changes in EPA policy and guidance.”7

 

 
The other document cited is merely part of a training tool that is not even published guidance and also 
clearly indicates on page 6 that “this training tool does not impose legally binding requirements on EPA, 
States, or NPDES permittees” and that the Training Tool “does not substitute for the Clean Water Act, or 
EPA or State regulations applicable to NPDES permits or WET testing; nor is this document a regulation, 
itself”. 
 Although USEPA often tries to regulate by guidance, federal courts have frowned upon this 
practice as aptly described in Appalachian Power Co. v. EPA, 208 F.3d. 1015, 1020 (D.C. Cir. 2000). 
The district court in the Appalachian Power case found fault in USEPA’s regulating by setting aside the 
guidance in its entirety.  (Id. at p. 1028.)  “If an agency acts as if a document issued at headquarters is 
controlling in the field, if it treats the document in the same manner as it treats a legislative rule, if it bases 
enforcement actions on the policies or interpretations formulated in the document, if it leads private 
parties or State permitting authorities to believe that it will declare permits invalid unless they comply 
with the terms of the document, then the agency's document is for all practical purposes ‘binding.’” (Id. at 
p. 1021 [citations omitted].) 
 
 More recent cases have reached the same conclusion in other instances when USEPA tried to 
impose  its  will  through  interpretive  rules,  such  as  the  TST  Implementation Document.    One  case  
related  to invalidating USEPA guidance setting forth air quality attainment alternatives.  (NRDC v. U.S. 
EPA, 643 F.3d 311 (D.C. Cir. 2011).)   Another related to “requirements” contained in letters related to 
water quality permitting prohibitions related to blending and mixing zones.  In this case, the court found 
that USEPA not only lacked the statutory authority to impose the guidance regulations on blending, but 
also violated the Administrative Procedures Act (APA), 5 USC §500 et seq., by implementing the 
guidance on both issues without first proceeding through the notice and comment procedures for agency 
rulemaking.  (Iowa League of Cities v. U.S. EPA, 711 F.3d 844, 878 (8th Cir. 2013).) The case law is clear 
that USEPA must regulate through rules and not through informal guidance.   Similar rules apply to the 
Regional Board, which also cannot regulate by guidance, particularly where that guidance is contrary to 
statewide precedential orders (e.g., State Water Board Order Nos. WQO 2003-0012 and WQO 2003-0013) 
and described in more detail above. 
 
Comment A-3. A maximum daily effluent limit for chronic toxicity is impracticable, unlawful, and 
inappropriate. 
 

 Assuming, for the sake of argument, that any chronic toxicity limit beside that prescribed in 
Order Nos. WQO 2003-0012 and WQO 2003-0013 is justified, federal law only authorizes monthly and 
weekly average effluent limitations for POTWs without a demonstration that these effluent limitations are 
“impracticable.”  (See 40 CFR Part 122.45(d)(2)(“For continuous discharges all permit effluent limitations, 
standards and prohibitions, including those necessary to achieve water quality standards, shall unless 
impracticable be stated as: (2) Average weekly and average monthly limitations for POTWs”).)  As 
described above, the Tentative Permit includes a MDEL for chronic toxicity, which is more  stringent  

                                                           
7 USEPA, National Pollutant Discharge Elimination System Test of Significant Toxicity Technical Document. EPA 
833-R-10-004, June 2010. 
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than  required  by  federal  law  and  has  not  been  adequately  justified.  Therefore, this limitation is 
contrary to law.8

 

 
 USEPA’s analysis on this topic was inaccurate in its Formal Objection Letter. In this letter, 
USEPA stated, “…the permits do not include the necessary daily and monthly WQBELs for chronic WET. 
Therefore, the permits do not meet 40 CFR 122.45(d) or 40 CFR 122.44(d)(i).” The State Water Board has 
already determined that numeric limits are not feasible or appropriate (e.g., are impracticable) and, 
therefore, weekly and monthly limits are not required and that remains the rule until the State Water 
Board determines otherwise in a precedential order or formal rulemaking. The State Water Board 
requires a narrative effluent limitation to be imposed instead, stating that “there shall be no chronic toxicity 
in the effluent discharge.”  Thus, this limit complies with 40 CFR 122.45(d) and, for the reasons provided 
above, 40 CFR 122.44(d). 
 
 In addition, a daily maximum limit for chronic toxicity is unnecessary to protect aquatic life 
because chronic toxicity, by definition, is neither “highly toxic” nor “short-term.”9 Chronic toxicity 
testing is meant to assess long-term impacts to biological communities of organisms in the ambient 
receiving waters, not the impact of a single day’s or week’s discharge.  
 
 Furthermore, use of a daily maximum chronic toxicity limit to protect against a single discharge 
event capable of exceeding the objective makes no sense when a single chronic test itself typically 
consists of three or more discrete samples collected over an exposure period of up to nine days. (See 67 
Fed. Reg. 69953 (2002 Final WET Rule)(“short term methods for estimating chronic toxicity [ ] use 
longer durations of exposure (up to nine days) to ascertain the adverse effects of an effluent or receiving 
water on survival, growth and/or reproduction of the organisms.” (Emphasis added).)  Therefore, the use 
of a short term average or daily maximum limit for chronic WET is itself impracticable and a chronic 
toxicity limit (as is recognized for other long-term chronic objectives, such as to protect human health) 
should be expressed only in narrative form “There shall be no chronic toxicity in the effluent discharge,” 
interpreted as a monthly average, or a median monthly if the monthly average is demonstrated to be 
impracticable.  (See accord In the Matter of the Own Motion Review of City of Woodland, Order WQO 
2004-0010, 2004 WL 1444973, *10 (June 17, 2004) (“Implementing the limits as instantaneous maxima 
appears to be incorrect because the criteria guidance value, as previously stated, is intended to protect 
against chronic effects.” The limits were to be applied as monthly averages instead.); State Water Board 
Order No. 2003-0012 and EPA Letter to Los Angeles Regional Board on Long Beach/Los Coyotes 

                                                           
8 California courts have already held that daily limits are not allowed unless demonstrated with adequate supporting 
evidence to be impracticable and these decisions are binding on the Water Boards since not appealed. (See City of 
Burbank v. State Water Resources Control Board, 35 Cal. 4th 613, 623, n.6 (2005) (The Supreme Court held: 
“Unchallenged on appeal and thus not affected by our decision are the trial court’s rulings that… (2) the administrative 
record failed to support the specific effluent limitations; (3) the permits improperly imposed daily maximum limits 
rather than weekly or monthly averages;…)(emphasis added).) Another recent decision upheld the need for weekly, as 
opposed to daily limits, because the guidance cited by the Regional Board (similar to that set forth in the proposed 
permit on page F-48 “As stated by USEPA in its long standing guidance”) cannot be used to overrule the express terms 
of the regulations. See California Sportfishing Protection Alliance (CSPA) v. Cal. Regional Water Quality Control 
Board, Central Valley Region, Sacramento Superior Court, Case No. 34-2013-80001358-CU-WM-GDS, Ruling on 
Submitted Matter: Petition for Peremptory Writ of Mandate (Aug. 18, 2014) (Holding “To the extent that the 
applicable law does not represent a reasonable approach to establishing effluent limitations, the law may need to be 
changed. Until it is changed, however, that law unequivocally requires the establishment of a weekly limitation. 
Respondent [Regional] Board was obligated to do what the law required…”) Thus, reliance on USEPA’s Technical 
Support Document guidance was overturned, and the permit was remanded. 
9 While these terms may apply to acute toxicity, they do not describe chronic toxicity.  The Tentative Permit has 
determined that no reasonable potential exists for acute toxicity and the acute toxicity limit was removed. 
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Permits at pg.4 (May 31, 2007)(“At minimum, the permits need to specify the WQBEL: ‘There shall 
be no chronic toxicity in the effluent discharge.’”). [Exhibit 19]) 
 
 Additionally, the preamble to the 2002 WET Rule says “EPA policy states that ‘EPA does not 
recommend that the initial response to a single exceedance of a WET limit, causing no known harm, be a 
formal enforcement action with a civil penalty.’” 67 Fed. Reg. 69968 citing EPA memo entitled National 
Policy Regarding Whole Effluent Toxicity Enforcement (1995a) (emphasis added).  The appropriate 
response to a chronic toxicity test indicating the presence of toxicity is not to declare a violation, but to 
investigate the cause, starting with follow-up testing to confirm the initial result.  (See accord 67 Fed. 
Reg. 69968 (USEPA policy suggests additional testing is an appropriate initial response to a single WET 
exceedance); Basin Plan at 3-17 (recommending TIE to identify cause of toxicity prior to imposing 
effluent limitation to implement the narrative Toxicity objective); see accord California Ocean Plan at pg. 
45 (triggering TRE Process); SIP at pgs. 30-31(requires TRE, and the failure to conduct required toxicity 
tests or a TRE results in establishment of chronic toxicity limits in the permit).)  The San Jose Creek 
WRP permit appropriately included this investigation process in the last two permits and should 
be revised to mirror the requirements in the permit since 2004. 
 
 For all of these reasons, if the Regional Board decides to ignore State Water Board precedent and 
impose numeric chronic toxicity WET limitations, the Sanitation Districts at a minimum request the 
removal of the daily maximum effluent limitation for chronic toxicity because this limit is impracticable, 
unlawful, and inappropriate.  Alternatively, the Regional Board could order that the daily limit for chronic 
toxicity be transformed into a weekly average limitation in order to comply with 40 CFR 122.45(d)(2) 
and the recent ruling in the 2014 CSPA case discussed above. 
 
Comment A-4. USEPA’s objections were misplaced and should have been ignored. 
 
a)   The Whittier Narrows and Pomona WRP pre-public notice draft permits contained a valid and 
enforceable chronic toxicity effluent limitation. 
 
 In its Formal Objection Letter on the Whittier Narrows and Pomona WRP pre-public notice draft 
permits, USEPA expressed concern on page 1 that “the proposed chronic toxicity effluent ‘limit’ in the pre-
notice draft permits is a ‘trigger’ for further investigation rather than an actual WQBEL.”  This concern is 
unfounded because the trigger is not the effluent limit.10 The pre-public notice draft permits, as 
recognized in USEPA’s letter, contained narrative effluent limitations for chronic toxicity, which state: 
“There shall be no chronic toxicity in the effluent discharge.” Narrative limits meet the statutory 
requirements for being an “effluent limit” as it is a restriction on the discharge from a point source.11

 

 
 The Formal Objection Letter also states that the triggers and required additional actions in the 
NPDES permits do not meet the definition of “effluent limitation” under the Clean Water Act (CWA) 

                                                           
10 In addition, USEPA guidance acknowledges the use of triggers for additional monitoring to confirm the presence of 
toxicity.  “EPA recommends that regulatory authorities evaluate the merits of a step-wise approach to address 
toxicity. This approach can determine the magnitude and frequency of toxicity and appropriate follow-up actions for 
test results that indicate exceedances of a monitoring trigger or permit limit.”  Understanding and Accounting for 
Method Variability in Whole Effluent Toxicity Applications under the NPDES System, EPA 833-R-00-003 at p. 7-4 
(June 2000) [Exhibit 20]; 65 Fed. Reg. 44528-9 (July 18, 2000) (“EPA recommends that NPDES permitting 
authorities implement the statistical approach as described in the TSD to evaluate effluent and to derived WET 
limits or monitoring triggers.”) 
11 13 33 USC §1362(11).  However, it is not clear whether this definition actually applies to toxicity, since it is not a 
constituent or pollutant, but instead an effect. 
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because they do not establish a “restriction” on the “quantity, rate, or concentration” of pollutants in the 
effluent. In WQO 2003-0012 at p. 10, the State Water Board cited a letter from USEPA, dated June 25, 
2003. This letter described the conditions under which EPA would consider a narrative effluent limit 
valid, described in WQO 2003-0012 as “US EPA has also stated that if a narrative effluent limitation is 
used, the permits must also contain (1) numeric benchmarks for triggering accelerated monitoring, (2) 
rigorous toxicity reduction evaluation (TRE)/toxicity investigation evaluation (TIE) conditions, and (3) a 
reopener to establish numeric effluent limitations for either chronic toxicity or the chemical(s) causing 
toxicity.” Because all of these elements were present in the pre-notice draft permits, USEPA should have 
found the permits to be acceptable. Regarding the question as to whether TRE/TIE requirements are 
“rigorous” and establish a restriction on concentration, the pre-notice draft permits required  preparation  
and  approval  of  an  initial  TRE  Workplan  at  the  time  of  permit  issuance. Furthermore, if the 
results of the implementation of this initial TRE workplan indicated a need to continue the TRE/TIE, the 
Sanitation Districts would have had 15 or 30 days to submit a detailed TRE workplan to the Regional 
Board including “a. Future actions to investigate and identify the cause of toxicity; b. Actions the 
Discharger will take to mitigate the impact of the discharge and prevent the recurrence of toxicity; and c. A 
schedule for these actions.” 
 
 Furthermore, the State Water Board has held that the “addition of an enforceable narrative 
effluent limitation for chronic toxicity, along with the existing TRE/TIE requirements and the reopener 
for a numeric effluent limitation for chronic toxicity, if necessary, will ensure that the requirements to 
perform a TRE/TIE and to implement it to eliminate toxicity are clear and enforceable. We also expect 
that where the TRE/TIE indicates a pollutant is causing the toxicity, the Regional Board will reopen the 
permit to include numeric effluent limitations for that constituent.”  WQO 2003-0012 at p. 10. This 
narrative limit is consistent with State Water Board precedent that has been in place for over 11 years 
without objection from EPA.  Nothing has changed in the law to warrant an objection at this time. 
 

Finally, USEPA itself blessed this approach for the Sanitation Districts’ permits in 2007, stating:  
 

“We  are  pleased  that  the  proposed  language,  in  part,  contains  the  following  elements  
to successful implementation of WET testing in NPDES permits: (1) effluent limits, if 
reasonable potential for WET is demonstrated; (2) protective numeric benchmarks for 
triggering immediate accelerated monitoring when elevated levels of toxicity are reported; 
and (3) toxicity reduction evaluation/toxicity identification conditions which direct the 
permittee to identify and correct the cause of toxicity when elevated levels of toxicity are 
repeatedly reported. This approach is consistent with regulations governing reasonable 
potential for toxicity objectives for WET at 40 C.F.R. 122.44(d)(1); Section 4 of the SIP; 
EPA’s national guidance for water quality-based permitting in the TSD; and regional EPA 
guidance for implementing WET in Regions 9 and 10 Guidance for Implementing Whole 
Effluent Toxicity Testing Programs (Denton and Narvaez, 1996).” 

 
(USEPA Region 9 Letter to Deborah Smith, Interim Executive Officer, Regional Board re: Long Beach 
WRP and Los Coyotes WRP (May 31, 2007) at pgs. 3-4. [Exhibit 19] ) Why the narrative effluent 
limit/numeric monitoring trigger approach previously authorized and stated to be compliant with law, 
regulations, and guidance now no longer complies is unclear.  No substantive changes have occurred in 
the law. 
 
b)   The proposed narrative effluent limits and supplemental numeric triggers in the pre-notice draft 
Pomona and Whittier Narrows WRP NPDES permits, as well as the 2009 Valencia WRP NPDES permit, 
were consistent with binding State Water Board precedent. 
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As discussed above, the State Water Board has held that the use of final numeric effluent limitations 
in permits for POTWs that discharge to inland surface waters was an issue of statewide importance that 
should be addressed in the SIP. In addition, the State Board replaced the numeric chronic toxicity effluent 
limitations with narrative chronic toxicity limitations until the SIP is modified.  Thus, the numeric limits 
were deleted and replaced with: “There shall be no chronic toxicity in the effluent discharge.”  This was 
consistent with the language in the Sanitation Districts’ last two permits for Valencia WRP, as well as the 
pre-public notice draft permits for the Whittier Narrows and Pomona WRPs, and has been in all POTW 
permits for inland dischargers statewide for over eleven years without objection by USEPA until now. As 
previously stated, since the federal rules have not changed to justify this objection, USEPA’s initial 
objection to the pre-notice draft permits was not appropriate. 
 
 Moreover, because the SIP has not yet been modified, the 2003 precedential orders12 are still in 
effect. As such, the inclusion of new numeric (“Pass/Fail”) chronic toxicity effluent limitations without 
authority to do so would violate State Water Board precedent and represent an abuse of discretion.  
Most other recent permits referenced in the USEPA’s Formal Objection Letter or discussed in the Fact 
Sheet have been appealed to the State Water Board for reasons similar to those raised here.13  These 
appeals will likely be successful because the State Water Board has already confirmed the continuing 
validity of the 2003 precedential orders in at least two other more recent cases.  See State Water Board 
Order WQO 2012-0001 (City of Lodi); Order WQO 2008-0008 (City of Davis). Thus, there are at least four 
precedential State Water Board orders mandating a narrative chronic toxicity limit, all of which are being 
violated by the proposed change to numeric chronic toxicity limits. 
 
 One of the more recent orders, WQO 2008-0008 at pages 6-7, stated: 
 

“In Order WQO 2003-012, we stated that, pending adoption of a policy, it was not 
appropriate to include final numeric effluent limitations for chronic toxicity in NPDES 
permits for publicly owned treatment works, but that permits must contain the following: 
 
1.  A narrative limit such as: “There shall be no chronic toxicity in the effluent discharge;” 
2.  Numeric benchmarks for triggering accelerated monitoring; 
3.  Rigorous toxicity reduction evaluation/toxicity investigation evaluation conditions; and 
4.  A reopener to establish numeric effluent limitations for either chronic toxicity or the 

chemical(s) causing toxicity.” 
 
 Since the Whittier Narrows and Pomona WRP pre-public notice draft permit contained these four 
items, USEPA had no valid basis to object since this has been the State’s policy and procedure for 
such limits since 2003. The Regional Board should correct the Tentative Permit to be consistent with the 
language originally proposed in the Whittier Narrows and Pomona pre-public notice draft permits and in the 
previous NPDES permit for the Valencia WRP. 
 
                                                           
12 State Water Board Order Nos. WQO 2003-0012 and WQO 2003-0013, in response to petitions filed by the Sanitation 
Districts for the Los Coyotes and Long Beach WRP NPDES permits [SWRCB/OCC File Nos. A-1496 and A-1496(a)] 
and the Whittier Narrows WRP NPDES permit [SWRCB/OCC File Nos. A-1509 and A-1509(a).]. 
13 USEPA also referenced permits issued in Arizona, which are not precedential for California as state rules and 
policies differ between the states.  EPA further references permits for POTWs not governed by WQO 2003-0012 in 
which toxicity limits are expressed numerically. These permits are apparently those for POTWs with ocean outfalls, 
which are covered under the California Ocean Plan. The California Ocean Plan specifically requires numeric toxicity 
effluent limitations when there is reasonable potential. Due to the high dilution factors applied to ocean discharges, 
along with use of different species to conduct the toxicity testing, the issues relating to toxicity control are 
fundamentally different that for discharges to inland waters. 
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c)   USEPA’s statements regarding the need for numeric limits are mistaken. 
 
 USEPA claims that “[e]ven if the requirements related to the aim of ‘no chronic toxicity’ in the 
effluent were expressed as a valid narrative WQBEL for WET, the Los Angeles Regional Water Quality 
Control Board (L.A. Regional Water Board) has failed to justify how such a narrative requirement would 
achieve water quality standards, as would be the case with a numeric limit.” (Formal Objection Letter at pg. 
4, section B.) The toxicity objective for chronic toxicity, as stated above is: “[t]here shall be no chronic 
toxicity in ambient waters, outside mixing zones.”  (Basin Plan at pg. 3-17 (emphasis added.) The  narrative  
effluent  limit  stating  “[t]here  shall  be  no  chronic  toxicity  in  the  effluent  discharge” (emphasis 
added) is more stringent than the objective, because it applies to the discharge itself and, therefore, will be 
protective of the ambient water even within any mixing zone.  Thus, USEPA’s allegations that the narrative 
limit will not meet the objective or “is not as stringent as necessary for the discharge” are incorrect. 
 
 Further, the inclusion of numeric limits does not necessarily mean that water quality standards 
will be achieved in the receiving waters given other inputs to those waters; numeric limits just generally 
make for an easier comparison to a numeric objective. In this case, where no chronic toxicity is allowed in 
the receiving waters or in the effluent discharge, that comparison is just as simple. 
 
 To the extent USEPA was stating in its objection that numeric limits are required, case law and 
other binding precedent hold exactly the opposite is true.  Courts in California have resoundingly rejected 
any suggestion that effluent limitations are required to be numeric. The definition of “effluent limitation” in 
the Clean Water Act refers to “any restriction,” and may include a “schedule of compliance” (33 
USC §1362(11); 40 CFR 122.2.) The term “schedule of compliance” means a “schedule of remedial 
measures,” including an enforceable sequence of interim requirements leading to compliance with an 
effluent limitation or standard (33 USC §1362(17); 40 CFR 122.2.). See accord Statement of Decision 
Granting Writ of Mandate, City of Tracy v. SWRCB, Sacramento Superior Court Case No. 34-2009-
80000392 (2010) at p. 41 (case is binding on the Water Boards since not appealed).  Thus, an effluent 
limitation could consist entirely of remedial measures, such as triggers to additional monitoring and a 
TIE/TRE and the addition of chemical-specific effluent limitations, as set forth in the current permit 
construct under WQO 2003-0012 and WQO 2008-0008. 
 
 In addition, in the Communities fora Better Environment case, the First Appellate District Court 
of Appeal specifically rejected the argument that the federal regulations mandate numeric WQBELs. 
Instead, the Court found that Congress intended a “flexible approach” including alternative effluent 
control strategies. Communities for a Better Environment (“CBE”) v State Water Resources Control Bd. 
(2003) 109 Cal. App 4th 1089, 1105; Communities for a Better Environment v State Water Resources 
Control Bd. (2005) 132 Cal. App 4th 1313, 1318; see also Divers' Environmental Conservation 
Organization v SWRCB (2006) 145 Cal.App.4th 246, 262 (following Communities for a Better 
Environment.) Thus, numeric effluent limitations are not necessary to meet the requirements of the federal 
Clean Water Act. CBE, supra, 109 Cal.App.4th at p. 1093. Indeed, federal regulations expressly permit non-
numeric effluent limitations - such as narrative limitations, source control and other best management 
practices. 40 C.F.R. §122.44(d)(1)(i) and (v)(discussing “Limitations” and “effluent limits for whole 
effluent toxicity” without using the word “numeric”)14; 40 CFR §122.44(k)(3); see also State Board Order 
WQ 2006-0012, p. 16 (“programs of prohibitions, source control measures, and BMPs [Best Management 
Practices] constitute effluent limitations and can be written to achieve compliance with water quality 
standards.”) 
 

                                                           
14 In fact, section 122.44(d) references “any requirements… necessary to (1) Achieve water quality standards…,” and 
does not limit these requirements to “effluent limitations.” 
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 These decisions overrule any justification made by USEPA or the Regional Board for numeric 
effluent limitations for WET. As these cases proclaim, numeric effluent limitations are not required by 
any law or regulation for any constituent.   Moreover, numeric limits are particularly inappropriate for 
WET because of the inherent inaccuracies of biological testing and the likelihood of inaccurate test results 
that puts the permittee in compliance jeopardy for false failures, creating a violation when the effluent is not 
truly “toxic.” 
 
d)   Binding case law goes against USEPA’s interpretations. 
 
 The Formal Objection Letter at page 4 and 5 states that “WQO 2003-0012 misapplies 40 CFR 
122.44(k)(3) – which provides that effluent limits may be other than numeric – because the WQO ignores 
the need to show the infeasibility of numeric WQBELs…. absent a demonstration that numeric WQBELs 
are infeasible to calculate, the narrative WQBELs in these permits are inconsistent with regulatory 
requirements at 40 CFR 122.44(k)(3).”  Besides the fact that this statement appears to be a belated challenge 
to an eleven year old order, there are many other problems with this statement, as follows: 
 
i) Section 122.44(k)(3) does not apply where the permit contains WQBELs. 
 
 USEPA regulations at 40 CFR 122.44(k)(3) relate to the use of BMPs  in lieu of numeric effluent 
limitations.  This section is not discussing or authorizing narrative effluent limitations; it is authorizing 
BMPs.   In this case, as discussed above, the permits contain valid narrative effluent limitations for 
chronic toxicity so 40 CFR 122.44(k)(3) is not applicable. 
 
ii). If Section 122.44(k) applies, there is no requirement that numeric effluent limitations be 
infeasible to calculate. 
 
 USEPA states in its Formal Objection Letter at page 5 that “For the Whittier Narrows and Pomona 
permits, the L.A. Regional Water Board has not provided any explanation as to why it would be infeasible 
to calculate numeric WET limits for chronic toxicity.” (emphasis added.) USEPA is using the language of 
40  CFR  122.44(k)(3),  which  allows  BMPs  in  lieu  of  effluent  limitations  when  “numeric  effluent 
limitations are infeasible.” However, the words “to calculate” are not included in this regulation. 
Nevertheless, USEPA apparently believes that feasibility turns on the ability and propriety of calculating or 
establishing numeric effluent limitations, rather than on the ability of a discharger to comply. 
 
 USEPA’s argument is unfounded and is not supported by case law or any other authority. “It will 
nearly always be possible to [calculate or] establish numeric effluent limitations, but there will be many 
instances in which it will not be feasible for dischargers to comply with such limitations. In those 
instances, states have the authority to adopt non-numeric effluent limitations.” (emphasis added) See City of 
Tracy Statement of Decision at page 42.  The Communities for a Better Environment case made clear that 
one factor a board may consider in determining whether a numerical effluent limitation is “feasible” is the 
“ability of the discharger to comply.” See CBE, supra, 109 Cal.App 4th at 1100. The court 
expressly approved the regional board’s consideration of this factor in upholding the determination that 
numeric effluent limits were not “appropriate” for the refinery at issue in that case. Id. at 1105 (approving 
determination that numeric WQBEL was not feasible “for the reasons discussed above,” which included 
inability of discharger to comply). 
 
 In Natural Res. Def. Council, Inc. v. Costle, 568 F.2d 1369 (D.C.Cir.1977), the D.C. Circuit 
stressed that when numerical effluent limitations are infeasible to comply with, USEPA may issue permits 
with conditions designed to reduce the level of effluent discharges to acceptable levels. This may well mean  
opting  for  a  gross  reduction  in  pollutant  discharge  rather  than  the  fine-tuning  suggested  by 
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numerical limitations.   Id. at 1380, and at n. 21 (noting the proposition that Congress did not regard 
numeric effluent limitations as the only permissible limitation was supported by section 302(a) of the Act, 
33 USC §1312(a)).   
 
Accordingly,  Courts  have  rejected  the  argument  that  in  determining  the  “feasibility”  or 
“propriety” of numeric effluent limitations, the Regional Board may not consider the ability (or inability) of  
the  discharger  to  comply  with  such  limitations.15 The ability to comply is a critical factor in 
determining the “feasibility” or “propriety” of numerical limitations.  The feasibility of calculating a limit is 
not. 
 
 Regarding the ability to comply with numeric effluent limitations, the inherent variability of 
biological testing and the likelihood of false positive test results needs to be carefully handled or 
compliance will not be feasible. False positive results put the permittee in compliance jeopardy when the 
effluent is not really “toxic.” Any numeric effluent toxicity limitations must be carefully crafted, to 
recognize this inherent variability and potential for false positives. That is one reason the State Water 
Board has repeatedly, in four precedential orders with the most recent in 2012, indicated its preference for 
establishing the method of setting any numeric chronic toxicity effluent limits for inland dischargers 
through a statewide process. Without adequate consideration of false positives, it should be considered 
infeasible to set numeric limitations for toxicity. 
 
iii) The State Water Board has held that numeric limits for chronic toxicity are not feasible or 
appropriate. 
  

The State Water Board’s order, WQO 2003-0012 held the following, which was referred to by 
USEPA: 
 

“While numeric effluent limitations are generally preferred, NPDES permits can legally 
contain “best management practices” in lieu of numeric limitations where the permitting 
authority determines that numeric effluent limitations are not “feasible.” “ 

 
Order No. WQO 2003-0012 at p. 9 and fn. 25, citing 40 CFR §122.44(k); Communities for a Better 
Environment v. Tesoro (2003) 109 Cal.App.4th 1089; Natural Resources Defense Council v. Costle (D.C. 
Cir. 1977) 568 F.2d 1369; Order No WQ 91-03 (Citizens for a Better Environment). Under state law, 
“infeasible” is defined as “not capable of being accomplished in a successful manner within a reasonable 
period of time, taking into account economic, environmental, legal, social, and technological factors.” 
Cal. Water Code §8307(c)(4); see also SIP at Appendix 1-3. 
 
 According to the State Water Board, when making its determination as to whether “numeric 
effluent limitations are infeasible,” the State Water Board stated: “The issue we will explore is whether the 
use of numeric effluent limitations for chronic toxicity is appropriate.” See WQO 2003-0012 at 9, fn 26,  
citing Tesoro,  supra,  slip  opn.,  p.  18.    The State Water Board has repeatedly found that the imposition 
of numeric limitations for chronic toxicity is not appropriate. See State Water Board Order Nos. WQO 

                                                           
15 The State Water Board recognized the following in the June 10, 2003 draft of Long Beach/Los Coyotes Order No. 
2003-0012 at page 10 (emphasis added):  “Because the influent can consist largely of domestic wastewater over which 
the District has little or no control, we find that a numeric effluent limitation should not have been used … for chronic 
toxicity.  It is not feasible, at least initially, to impose numeric effluent limitations since it will result in a permit 
violation whenever there is toxicity in the effluent, even if the cause were from the domestic influent, the District had 
no basis for knowing the cause, and the District was pursuing the cause and its elimination through vigorous 
compliance with stringent TRE requirements.” 
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2003-0012, WQO 2003-0013, WQ 2008-0008, and WQ 2012-0001. In WQ 2008-0008 (City of Davis), 
adopted on September 2, 2008, the Board concluded that a numeric effluent limitation for chronic 
toxicity was not appropriate in the permit under review, but that the permit had to include a narrative 
effluent limitation for chronic toxicity.  The previous San Jose Creek WRP NPDES permit and the pre-
public notice drafts of the Pomona and Whittier Narrows WRP NPDES permits were consistent with that 
binding precedent. 
 
e)   USEPA ignores the existence of 40 CFR 122.44(k)(4). 
 

40  CFR  122.44(k)(3),  regarding  infeasibility  of  numeric  limits,  is  not  the  only  exemption 
available.  Subdivision (k)(4) authorizes BMPs where “the practices are reasonably necessary to achieve 
effluent  limitations  and  standards  or  to  carry  out  the  purposes  and  intent  of  the  CWA.”  (40 CFR 
122.44(k)(4)).  Here, the trigger approach confirming toxicity and then, where toxicity is confirmed, 
performing a TIE and TRE, represents BMPs that are reasonably necessary to determine the underlying 
source of toxicity to remedy that issue.   Having numeric limits that merely result in the imposition of 
penalties for a random and unconfirmed “violation” does not remedy any potential water quality issue, it 
just penalizes sampling results. Thus, the BMP trigger approach is authorized under 40 CFR 122.44(k)(4). 
 
Comment A-5. Numeric effluent limitations for chronic toxicity remain inappropriate. 
 
 Numeric effluent limits for chronic toxicity are not appropriate because of the inherent inaccuracies 
of biological testing and the likelihood of false positive test results that puts the permittee in compliance 
jeopardy when the effluent is not really “toxic.” 
 
 The legal validity of numeric chronic toxicity limits is also questionable. USEPA recognizes that 
“the precision of freshwater chronic toxicity tests is discussed in the representative methods sections in 
the methods manual (EPA/600/4-91/002). NOEC … is generally in the range of 30-60% [coefficient of 
variation].”  See 60 Fed. Reg. 53533-4 (Oct. 16, 1995). This variation is similar to a range of non-detect 
to 2.2 TUc for any particular clean (method blank) sample, or using a non-technical analogy, is similar to a 
radar detector registering a stopped car at any speed from zero to more than 60 miles per hour. 
 
 In addition, chronic toxicity tests have been designed to have 5% false positive error rates (failing 
when there is no actual toxicity), further placing their regulatory usefulness in question and raising 
constitutional due process issues in the context of strict liability for permit violations. However, actual 
confirmation of this assumed false positive error rate has only been evaluated using non-toxic blank 
samples for the NOEC. Confirmation of the false positive error rate associated with the TST (two-
concentration or multiple concentration test designs) has not been conducted and the error rate associated 
with this statistical procedure may be significantly higher.  Even USEPA itself has determined that “the 
accuracy of toxicity tests cannot be determined.” See Short Term Methods for Estimating the Chronic 
Toxicity of Effluents and Receiving Waters to Freshwater Organisms; EPA/600/4-91/002 at 139, 193, 
and 225 (July 1994) [Exhibit 2 1 ]. False indications of toxicity could cause violations of numeric limits 
even though there is no actual toxicity in the samples tested. These false indications of toxicity could be 
subject to citizen suit enforcement.16  No reason exists to put permittees in such compliance jeopardy 
unnecessarily when the existence of actual, lingering chronic toxicity is not confirmed. 
 
 Because of the unreliability and inaccuracy of these biological test methods, numeric effluent limits 
for chronic toxicity are inappropriate, infeasible to comply with, and should not be imposed. 
                                                           
16 Such a violation could also be subject to discretionary enforcement, although it would not be subject to Mandatory 
Minimum Penalties (MMPs, Water Code section 13385(i)(1)(D)) if there are other toxic pollutant limits in the permit. 
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Comment A-6. Numeric limits based on a two-concentration TST are highly problematic. 
 
 Reanalysis of actual WET test data, from a wide variety of real-world samples, demonstrates that 
the TST  technique  consistently “detects”  the  existence  of  toxicity  more  frequently than  the  NOEC 
method, especially for tests with relatively small effect levels. See State Water Board, Effluent, Stormwater 
and Ambient Toxicity Test Drive Analysis of the Test of Significant Toxicity (TST) (Dec., 2011) (see e.g., 
Chronic Freshwater results in Table E-1) [Exhibit 8].  However, one should not assume that greater 
statistical sensitivity equates with improved accuracy in WET testing. 
 
 Reanalysis of data from USEPA’s inter-laboratory WET variability study indicates that the TST 
technique also “detects” toxicity in clean blank samples at a rate up to three times higher than the NOEC. 
(USEPA. Final Report: Interlaboratory Variability Study of EPA Short-term Chronic and Acute Whole 
Effluent Toxicity Test Methods, Vol. 1; EPA-821-B-01-004 (Sept., 2001) [Exhibit 4 ]). Blank samples are 
comprised solely of laboratory dilution water that is known to be non-toxic before the test begins. Such 
inaccuracies demonstrate that the TST does not provide performance “acceptably equivalent” to that of the 
standard WET methods that were promulgated in Part 136 in 2002. 
 
 Because of the unreliability and inaccuracy of these biological test methods, strictly construed 
numeric (“Pass/Fail” or “% Effect”) effluent limits for toxicity are inappropriate, infeasible to comply 
with, and should not have been proposed. 
 
 In conclusion, for all the reasons cited in herein, the effluent limits for chronic toxicity in Table 4 of the 
Tentative Permit should be changed back to the narrative effluent limitation contained in the last permit and pre-
public notice draft with a numeric trigger for additional investigations (e.g., TIE/TRE). No authority exists for 
mandating numeric chronic toxicity effluent limitations and particularly not limits of “Pass”, or “% effect <50” 
using a non-Part 136 promulgated method. Furthermore, as stated above, the inclusion of numeric chronic 
toxicity effluent limitations violates the current binding precedent from State Water Board Order Nos. WQO 
2003-0012 and WQO 2003-0013, applicable to the Valencia WRP. Finally, since the TST test with a two 
concentration test design is not an approved Part 136 methodology (or an approved ATP), this method should not 
be utilized for compliance purposes unless promulgated as a formal rule by EPA.
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Attachment B 
 

General Technical Comments on the Valencia WRP Tentative Permit 
 



Page No. Section Tentative Permit Statement LACSD Comment

6 Table 4 Maximum Daily Effluent Limitation for Chloride 
(Conditional WLA-based limit)

A reference to Footnote 3 should be added to this effluent limitation.

6 IV.A.1.a
Table 4
Footnote 4

 The 100 mg/L may also go into effect, replacing the 
final effluent limitations with Footnote 5 below, if the 
flow-weighted conditions specified in Resolution No. 
R4-2014-010, or in section II of Attachment J are not 
met by May 2019. 

To be consistent with Resolution No. R4-2014-010, which specifies a final compliance date of July 1, 2019 and 
also sets the non-conditional WLA as 100 mg/L on a three-month rolling average basis, change to, "The 100 
mg/L may also go into effect, as a three-month rolling average, replacing the final effluent limitations with 
Footnote 5 below, if the flow-weighted conditions specified in Resolution No. R4-2014-010, or in Section II of 
Attachment J are not met by May July 1, 2019." 

7 Table 4 Maximum Daily Effluent Limitation for Chloride 
(Revised WLA-based limit)

A reference to Footnote 5 should be added to this effluent limit.

8 Footnote 9 This final effluent limitation will be implemented using 
current USEPA guidance in National Pollutant 
Discharge Elimination System Test of Significant 
Toxicity Implementation Document (EPA 833-R-10-
003, June /2010) and EPA Regions 8, 9 and 10 
Toxicity Training Tool (January 2010), 
http://www2.epa.gov/region8/epa-regions-8-9-and-10-
toxicity-training-tool-january-2010.

Delete the reference to the EPA Toxicity Training Tool. This is just a training tool, not a guidance document. It 
is not clear why a discharger is being required to follow a training tool. A training tool used be used for the 
purpose of training, and any information in it needed to implement the final effluent limitation should be 
directly put into the NPDES permit by the permit writer. Inclusion of a requirement obligating the Permittee to 
implement this document means that the Permittee must read the full document and change SOPs to reflect the 
training tool. To our knowledge, this tool has not been peer reviewed and we have not had a chance to review it 
and provide any comments.

20 VI.C.5.b.ii. In 1972, the County Sanitation District of Los Angeles 
County’s (Sanitation District) Board of Directors 
adopted the Wastewater Ordinance. The purpose of this 
Ordinance is to establish controls on users of the 
Sanitation District’s sewerage system in order to 
protect the environment and public health, and to 
provide for the maximum beneficial use of the 
Sanitation District’s facilities. 

When referring to the County Sanitation Districts of Los Angeles County, "Sanitation Districts" is plural. Make 
the following minor changes, "In 1972, the County Sanitation District Districts of Los Angeles County's 
(Sanitation District's Districts') Board of Directors adopted the Wastewater Ordinance. The purpose of this 
Ordinance is to establish controls on users of the Sanitation Districts' sewerage system in order to protect the 
environment and public health, and to provide for the maximum beneficial use of the Sanitation District's 
Districts' facilities. 

24 VI.C.6.f WQ Order No. 2006-0003-DWQ; SSO WDR The SSO WDR was amended in August 2013 (Order No. WQ 2013-0058).
E-11 and F-59 Table E-3 and F-

11
Cadmium sampling frequency It is not clear why cadmium has a quarterly monitoring requirement. This appears to be unnecessary. We 

request that the monitoring frequency be changed back to semiannual, which was the frequency in the 2009 
permit.  

E-16 V.A.7 The summary result shall be used when there is 
discharge more than one day in a calendar month. The 
single result shall be used when there is discharge of 
only one day in a calendar month.

To make the intent of this statement clearer, the following changes are requested, "The summary result shall be 
used wWhen there is discharge more than one day in a calendar month, a monthly median summary result of 
"Fail" requires implementation of accelerated monitoring. The single result shall be used wWhen there is 
discharge of on only one day in a calendar month, a maximum daily single result of "Fail" and "% Effect ≥ 50" 
requires implementation of accelerated monitoring."
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Page No. Section Tentative Permit Statement LACSD Comment

Attachment B
General Technical Comments on the Valencia WRP Tentative NPDES Permit

E-18 V.C. Chlorine Removal.  Except with prior approval from 
the Executive Office of the Regional Water Board, 
chlorine shall not be removed from bioassay samples.  
However, chlorine may be removed from the Valencia 
WRP effluent bioassay samples in the laboratory 
because often the recycled water demand is high and 
there is no effluent water available for sampling over 
the weir after the dechlorination process.

At the Valencia WRP, recycled water usage is not yet at the point where there is no effluent available after 
dechlorination. However, as recycled water usage increases it is possible that we will reach that point during 
this permit cycle. Suggest rewording to, "Chlorine Removal.  Except with prior approval from the Executive 
Office of the Regional Water Board, chlorine shall not be removed from bioassay samples.  However, chlorine 
may be removed from the Valencia WRP effluent bioassay samples in the laboratory because often the recycled 
water demand is high and there may be no effluent water available for sampling over the weir after the 
dechlorination process."

E-18 VIII.A. Bold-faced header reading "A. Monitoring Locations 
RSW-001D, RSW-002D, and RSW-003D"

"RSW-001D" should be changed to "RSW-001U".  This same typo is also in the MRP Table of Contents (Page 
E-1).

E-20 Table E-5a Table E-5a The blank row in the table should be deleted.
E-21 Footnote 34 Emerging chemicals include 1,4-dioxane (USEPA 

8260M test method)…
The correct test method for 1,4-dioxane is EPA 8270M, not 8260M

E-22 Table E-5a Perchlorate sampling frequency It is not clear why perchlorate has a semiannual monitoring requirement. This appears to be unnecessary. We 
request that the monitoring frequency be changed to to annual, which was the frequency in the 2009 permit.  

F-4 II.A.1 The Valencia WRP has a design capacity of 21.6 
million gallons per day (MGD) and serves an estimated 
population of 273, 135.

Per the ROWD for the Valencia WRP, Attachment C.1, the estimated population served by the Valencia WRP 
is 197,048.

F-10 II.D.1 Although chronic toxicity testing showed that thirteen 
single chronic toxicity effluent tests exhibited results 
greater than 1.0 TUc, the 1.0 TUc monthly median 
trigger was only exceeded once, as follows:

This sentence incorrectly confuses "tests" with "endpoints". Each Ceriodaphnia toxicity "test" has two 
"endpoints" - survival and reproduction. These endpoints are not separate tests, but rather are determined from 
the same test. Therefore, it is not correct to say that thirteen "tests" exhibited toxicity. Suggested language is as 
follows, "Although chronic toxicity testing showed that eight single chronic toxicity effluent tests exhibited 
results greater than 1.0 TUc (with five results greater than 1.0 TUc for the survival endpoint and eight results 
greater than 1.0 TUc for the reproduction endpoint), the 1.0 TUc monthly median trigger was only exceeded 
once, as follows:"
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F-13 II.D.1 From late 2009 to early 2010, the Discharger was 
conducting their compliance testing in addition to 
conducting the most sensitive species screening test.  
Therefore, those exceedances were not considered 
violations by the Discharger.  The toxicity test results 
from January 7, 2010, were invalid.  The toxicity test 
results from September 2013 exceeded the 1.0 TUc 
monthly median.  The toxicity test results from October 
2013 and January 2014 were accelerated tests and were 
not considered violations.   Following the individual 
test exceedances in August and October 2012, the 
Permittee conducted additional testing during the 
month and was able to meet the monthly median trigger 
of 1.0 TUc.    There was no observable pattern to the 
individual trigger exceedances.

To more accurately reflect the test results, we request changing this language to, "From late 2009 to early 2010, 
the Permittee was conducting their compliance testing in addition to conducting the most sensitive species 
screening using additional test species. The additional tests for most sensitive species screening exhibiting a 
result greater than 1.0 TUc were not considered as single chronic toxicity test exceedances by the Permittee if 
they were not the most sensitive species used for compliance determination.  The toxicity test results from 
January 7, 2010, were invalid.  Following the individual test exceedances in August and October 2012, the 
Permittee conducted additional testing during the month and was able to meet the monthly median trigger of 1.0 
TUc.  The toxicity test results from September 2013 exceeded the 1.0 TUc monthly median.  As part of 
accelerated monitoring, the chronic toxicity test results from October 2013 and January 2014 exhibited results 
greater than 1.0 TUc.  There was no observable pattern to the individual trigger exceedances."

F-13 II.D.2 The Permittee submitted deficient monitoring reports 
for December 2013 and February 2014. 

The deficient monitoring reports were in February 2013 and December 2013. 

F-16 Table F-3 Hydrologic unit codes We recommend deleting the old hydrologic unit codes (e.g., 403.51) since they are no longer used in the Basin 
Plan.

F-16 Table F-3 Santa Clara River Reach 3 The HUCs for Santa Clara River Reach 3 are 180701020903, 180701020802, and 180701020902. Also, the 
correct description for Reach 3 is "Freeman Diversion Dam to A Street, Fillmore & Santa Paula Creek to Sespe 
Creek & Sespe Creek to A Street, Fillmore".

F-19 to F-20 III.D Hydrologic unit and Calwater Watershed We recommend deleting the old hydrologic unit codes (e.g., 403.51) since these are no longer used in the Basin 
Plan. Also, the reference to the new HUCs should be "Watershed Boundary Dataset HUC" not "Calwater 
Watershed" and the HUCs are incorrect; they should be 18070102 not 18070103.

F-32 IV.C.2.b.ix(c) and 
IV.C.2.b.x

(c ) Mass -based limit There appears to be a formatting issue here, where the text for the Mass-based limit part of the Total Inorganic 
Nitrogen Section was put in as a new section x. Also, it looks like a subheading of "Nitrate as Nitrogen" was 
put into this new section x. This section should read, "(c ). Mass-based limit  Since the TMDL does not specify 
any mass-based WLA for nitrate plus nitrite as nitrogen, mass based limitations are not included for NO2-N + 
NO3-N.    x. Nitrate as Nitrogen  The effluent limit for nitrite as nitrogen......"

F-38 IV.C.3 The monitoring data cover the period from July 2009 
through June 2013. 

Should be July 2009 through June 2014.

F-39 IV.C.3 The reasonable potential analysis for Iron and Total 
trihalomethanes was conducted using the USEPA 
Technical Support Document methodology. The 
reasonable potential analysis for Bis(2-
ethylhexyl)phthalate was conducted using the SIP.

Table F-8 indicates that the SIP was used to determine RP for iron, not the USEPA Technical Support 
Document (TSD) methodology. Some explanation should be provided as to why different RPA methodologies 
were used for different parameters for which use of the SIP methodology was not required (bis(2-ethylhexyl) 
phthalate, iron, and total trihalomethanes). Note that for bis(2-ethylhexyl) phthalate, this comment refers to the 
4 ug/L value to protect the GWR use, not the SIP number that would apply to surface water.

F-45 Table F-9 Maximum Daily Effluent Limitation for Chloride 
(Revised WLA-based limit)

The 230 mg/L limit is missing from this table.
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F-45 Table F-9 Maximum Daily Effluent Limitation for Chloride 
(Conditional WLA-based limit)

The footnote associated with this limit should be Footnote 6, not Footnote 7.

F-45 Table F-9
Footnote 7

The 100 mg/L monthly average effluent limitation is 
based on the existing water quality objective in the 
Basin Plan and shall go into effect, replacing the final 
effluent limitations with Footnote 7 above, if the 
Permittee does not meet the conditions specified in the 
Implementation section of the Upper Santa Clara River 
Chloride TMDL, Resolution No. 2008-012. The 100 
mg/L may also go into effect, replacing the final 
effluent limitations with Footnote 9 below, if the flow-
weighted conditions specified in Resolution No. R4-
2014-010 are not met. 

Correct footnote references and change to be consistent with Resolution No. R4-2014-010, which specifies a 
final compliance date of July 1, 2019 and also sets the non-conditional WLA as 100 mg/L on a three-month 
rolling average basis, as follows, "The 100 mg/L monthly average effluent limitation is based on the existing 
water quality objective in the Basin Plan and shall go into effect, replacing the final effluent limitations with 
Footnote 7 6 above, if the Permittee does not meet the conditions specified in the Implementation section of the 
Upper Santa Clara River Chloride TMDL, Resolution No. 2008-012. The 100 mg/L may also go into effect, as 
a three-month rolling average, replacing the final effluent limitations with Footnote 9 8 below, if the flow-
weighted conditions specified in Resolution No. R4-2014-010 are not met by July 1, 2019." 

F-45 Footnote 8 It is anticipated that the TMDL will undergo the full 
approval process by the end of March 2015.  Following 
the approval of Resolution No. R14-010 by OAL, and 
USEPA, these WLA-based final effluent limitations for 
chloride shall become operative and will supersede the 
conditional WLA-based chloride effluent limitations 
described in Footnote 7 above.

Correct footnote reference, as follows, "It is anticipated that the TMDL will undergo the full approval process 
by the end of March 2015.  Following the approval of Resolution No. R14-010 by OAL, and USEPA, these 
WLA-based final effluent limitations for chloride shall become operative and will supersede the conditional 
WLA-based chloride effluent limitations described in Footnote 7 6 above."

F-50 Table F-10 Chloride limitations The table is missing the footnotes for the chloride limitations.
F-53 V.B The reasonable potential analysis was conducted using 

new data since adoption of the previous permit. The 
analysis showed that the discharge had reasonable 
potential to cause or contribute to an exceedance of the 
primary MCLs for Bis(2-ethylhexyl)phthalate, Iron, 
and Total trihalomethanes, therefore, a limit is included 
in the permit for these pollutants.

Iron does not have a primary MCL. It only has a secondary MCL. 

F-56 VI.B.5.c Water Quality Orcer 2006-0003-DWQ (SSO WDR) The SSO WDR was amended in August 2013 (Order No. WQ 2013-0058).
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SECTION 1

INTRODUCTION

1.1   This manual describes chronic toxicity tests for use in the National Pollutant Discharge Elimination System
(NPDES) Permits Program to identify effluents and receiving waters containing toxic materials in chronically toxic
concentrations.  The methods included in this manual are referenced in Table IA, 40 CFR Part 136 regulations and,
therefore, constitute approved methods for chronic toxicity tests.  They are also suitable for determining the toxicity
of specific compounds contained in discharges.  The tests may be conducted in a central laboratory or on-site, by the
regulatory agency or the permittee.
 
1.2   The data are used for NPDES permits development and to determine compliance with permit toxicity limits. 
Data can also be used to predict potential acute and chronic toxicity in the receiving water, based on the LC50,
NOEC, IC50 or IC25 (see Section 9, Chronic Toxicity Endpoints and Data Analysis) and appropriate dilution,
application, and persistence factors.  The tests are performed as a part of self-monitoring permit requirements,
compliance biomonitoring inspections, toxics sampling inspections, and special investigations.  Data from chronic
toxicity tests performed as part of permit requirements are evaluated during compliance evaluation inspections and
performance audit inspections.

1.3   Modifications of these tests are also used in toxicity reduction evaluations and toxicity identification
evaluations to identify the toxic components of an effluent, to aid in the development and implementation of toxicity
reduction plans, and to compare and control the effectiveness of various treatment technologies for a given type of
industry, irrespective of the receiving water (USEPA, 1988c; USEPA, 1989b; USEPA 1989c; USEPA, 1989d; 
USEPA, 1989e; USEPA, 1991a; USEPA, 1991b; and USEPA, 1992).

1.4   This methods manual serves as a companion to the acute toxicity test methods for freshwater and marine
organisms (USEPA, 2002a), the short-term chronic toxicity test methods for marine and estuarine organisms
(USEPA, 2002b), and the manual for evaluation of laboratories performing aquatic toxicity tests (USEPA, 1991c). 
In 2002, EPA revised previous editions of each of the three methods manuals (USEPA, 1993a; USEPA, 1994a;
USEPA, 1994b).

1.5   Guidance for the implementation of toxicity tests in the NPDES program is provided in the Technical Support
Document for Water Quality-based Toxics Control (USEPA, 1991a).

1.6   These freshwater short-term toxicity tests are similar to those developed for marine and estuarine organisms to
evaluate the toxicity of effluents discharged to marine and estuarine waters under the NPDES permit program. 
Methods are presented in this manual for three species of freshwater organisms from three phylogenetic groups. 
The methods are all static renewal type seven-day tests except the green alga, Selenastrum capricornutum, test
which lasts four days.  

1.7   The three species for which test methods are provided are the fathead minnow, Pimephales promelas; the
daphnid, Ceriodaphnia dubia; and the green alga, Selenastrum capricornutum. 
  
1.7.1   Two of the methods incorporate the chronic endpoint of growth in addition to lethality and one incorporates
reproduction.  The fathead minnow, Pimephales promelas, embryo-larval survival and teratogenicity test
incorporates teratogenic effects in addition to lethality.  The green alga, Selenastrum capricornutum, growth test has
the advantage of a relatively short exposure period (96 h).

1.8   The validity of the freshwater chronic methods in predicting adverse ecological impacts of toxic discharges
was demonstrated in field studies (USEPA, 1984; USEPA, 1985b; USEPA, 1985c; USEPA, 1985d; USEPA, 1986a;
USEPA, 1986b; USEPA, 1986c; USEPA, 1986d; Birge et al., 1989; and Eagleson et al., 1990).
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1.9   The use of any test species or test conditions other than those described in the methods summary tables in this
manual shall be subject to application and approval of alternate test procedures under 40 CFR 136.4 and 40 CFR
136.5.

1.10   These methods are restricted to use by, or under the supervision of, analysts experienced in the use or conduct
of aquatic toxicity tests and the  interpretation of data from aquatic toxicity testing.  Each analyst must demonstrate
the ability to generate acceptable test results with these methods using the procedures described in this methods
manual.

1.11   This manual was prepared in the established EMSL-Cincinnati format (USEPA, 1983). 
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SECTION 2 
 

SHORT-TERM METHODS FOR ESTIMATING CHRONIC TOXICITY
 

2.1   INTRODUCTION

2.1.1   The objective of aquatic toxicity tests with effluents or pure compounds is to estimate the "safe" or "no
effect" concentration of these substances, which is defined as the concentration which will permit normal
propagation of fish and other aquatic life in the receiving waters.  The endpoints that have been considered in tests
to determine the adverse effects of toxicants include death and survival, decreased reproduction and growth,
locomotor activity, gill ventilation rate, heart rate, blood chemistry, histopathology, enzyme activity, olfactory
function, and terata.  Since it is not feasible to detect and/or measure all of these (and other possible) effects of toxic
substances on a routine basis, observations in toxicity tests generally have been limited to only a few effects, such as
mortality, growth, and reproduction. 

2.1.2   Acute lethality is an obvious and easily observed effect which accounts for its wide use in the early period of
evaluation of the toxicity of pure compounds and complex effluents.  The results of these tests were usually
expressed as the concentration lethal to 50% of the test organisms (LC50) over relatively short exposure periods
(one-to-four days). 
 
2.1.3   As exposure periods of acute tests were lengthened, the LC50 and lethal threshold concentration were
observed to decline for many compounds.  By lengthening the tests to include one or more complete life cycles and
observing the more subtle effects of the toxicants, such as a reduction in growth and reproduction, more accurate,
direct, estimates of the threshold or safe concentration of the toxicant could be obtained.  However, laboratory
life-cycle tests may not accurately estimate the "safe" concentration of toxicants because they are conducted with a
limited number of species under highly controlled, steady-state conditions, and the results do not include the effects
of the stresses to which the organisms would ordinarily be exposed in the natural environment. 
 
2.1.4   An early published account of a full life-cycle, fish toxicity test was that of Mount and Stephan (1967).  In
this study, fathead minnows, Pimephales promelas, were exposed to a graded series of pesticide concentrations
throughout their life cycle, and the effects of the toxicant on survival, growth, and reproduction were measured and
evaluated.  This work was soon followed by full life-cycle tests using other toxicants and fish species.

2.1.5   McKim (1977) evaluated the data from 56 full life-cycle tests, 32 of which used the fathead minnow,
Pimephales promelas, and concluded that the embryo-larval and early juvenile life-stages were the most sensitive
stages.  He proposed the use of partial life-cycle toxicity tests with the early life-stages (ELS) of fish to establish
water quality criteria. 
 
2.1.6   Macek and Sleight (1977) found that exposure of critical life-stages of fish to toxicants provides estimates of
chronically safe concentrations remarkably similar to those derived from full life-cycle toxicity tests.  They reported
that "for a great majority of toxicants, the concentration which will not be acutely toxic to the most sensitive life
stages is the chronically safe concentration for fish, and that the most sensitive life stages are the embryos and fry". 
Critical life-stage exposure was considered to be exposure of the embryos during most, preferably all, of the
embryogenic (incubation) period, and exposure of the fry for 30 days post-hatch for warm water fish with
embryogenic periods ranging from one-to-fourteen days, and for 60 days post-hatch for fish with longer
embryogenic periods.  They concluded that in the majority of cases, the maximum acceptable toxicant concentration
(MATC) could be estimated from the results of exposure of the embryos during incubation, and the larvae for 30
days post-hatch. 

2.1.7   Because of the high cost of full life-cycle fish toxicity tests and the emerging consensus that the ELS test data
usually would be adequate for estimating chronically safe concentrations, there was a rapid shift by aquatic
toxicologists to 30 - 90-day ELS toxicity tests for estimating chronically safe concentrations in the late 1970s.  In
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1980, USEPA adopted the policy that ELS test data could be used in establishing water quality criteria if data from
full life-cycle tests were not available (USEPA, 1980a). 

2.1.8   Published reports of the results of ELS tests indicate that the relative sensitivity of growth and survival as
endpoints may be species dependent, toxicant dependent, or both.  Ward and Parrish (1980) examined the literature
on ELS tests that used embryos and juveniles of the sheepshead minnow, Cyprinodon variegatus, and found that
growth was not a statistically sensitive indicator of toxicity in 16 of 18 tests.  They suggested that the ELS tests be
shortened to 14 days posthatch and that growth be eliminated as an indicator of toxic effects. 

2.1.9   In a review of the literature on 173 fish full life-cycle and ELS tests performed to determine the chronically
safe concentrations of a wide variety of toxicants, such as metals, pesticides, organics, inorganics, detergents, and
complex effluents, Woltering (1984) found that at the lowest effect concentration, significant reductions were
observed in fry survival in 57%, fry growth in 36%, and egg hatchability in 19% of the tests.  He also found that fry
survival and growth were very often equally sensitive, and concluded that the growth response could be deleted
from routine application of the ELS tests.  The net result would be a significant reduction in the duration and cost of
screening tests with no appreciable impact on estimating MATCs for chemical hazard assessments.  Benoit et al.
(1982), however, found larval growth to be the most significant measure of effect, and survival to be equally or less
sensitive than growth in early life-stage tests with four organic chemicals. 
 
2.1.10   Efforts to further reduce the length of partial life-cycle toxicity tests for fish without compromising their
predictive value have resulted in the development of an eight-day, embryo-larval survival and teratogenicity test for
fish and other aquatic vertebrates (USEPA, 1981; Birge et al., 1985), and a seven-day larval survival and growth
test (Norberg and Mount, 1985). 

2.1.11  The similarity of estimates of chronically safe concentrations of toxicants derived from short-term,
embryo-larval survival and teratogenicity tests to those derived from full life-cycle tests has been demonstrated by
Birge et al. (1981), Birge and Cassidy (1983), and Birge et al. (1985).

2.1.12   Use of a seven-day, fathead minnow, Pimephales promelas, larval survival and growth test was first
proposed by Norberg and Mount at the 1983 annual meeting of the Society for Environmental Toxicology and
Chemistry (Norberg and Mount, 1983).  This test was subsequently used by Mount and associates in field
demonstrations at Lima, OH (USEPA, 1984), and at many other locations.  Growth was frequently found to be more
sensitive than survival in determining the effects of complex effluents. 

2.1.13   Norberg and Mount (1985) performed three single toxicant fathead minnow larval growth tests with zinc,
copper, and DURSBAN®, using dilution water from Lake Superior.  The results were comparable to, and had
confidence intervals that overlapped with, chronic values reported in the literature for both ELS and full life-cycle
tests. 

2.1.14   Mount and Norberg (1984) developed a seven-day cladoceran partial life-cycle test and experimented with a
number of diets for use in culturing and testing the daphnid, Ceriodaphnia reticulata (Norberg and Mount, 1985). 
As different laboratories began to use this cladoceran test, it was discovered that apparently more than one species
was involved in the tests conducted by the same laboratory.  Berner (1986) studied the problem and determined that
perhaps as many as three variant forms were involved and it was decided to recommend the use of the more
common Ceriodaphnia dubia rather than the originally reported Ceriodaphnia reticulata.  The method was adopted
for use in the first edition of the freshwater short-term chronic methods (USEPA, 1985e).  

2.1.15   The green alga, Selenastrum capricornutum, bottle test was developed, after extensive design, evaluation,
and application, for the National Eutrophication Research Program (USEPA, 1971).  The test was later modified for
use in the assessment of receiving waters and the effects of wastes originating from industrial, municipal, and
agricultural point and non-point sources (USEPA, 1978a).
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2.1.16   The use of short-term toxicity tests including subchronic and chronic tests in the NPDES Program is
especially attractive because they provide a more direct estimate of the safe concentrations of effluents in receiving
waters than was provided by acute toxicity tests, at an only slightly increased level of effort, compared to the fish
full life-cycle chronic and 28-day ELS tests and the 21-day daphnid, Daphnia magna, life-cycle test.

2.2   TYPES OF TESTS

2.2.1   The selection of the test type will depend on the NPDES permit requirements, the objectives of the test, the
available resources, the requirements of the test organisms, and effluent characteristics such as fluctuations in
effluent toxicity.

2.2.2   Effluent chronic toxicity is generally measured using a multi-concentration, or definitive test, consisting of a
control and a minimum of five effluent concentrations.  The tests are designed to provide dose-response
information, expressed as the percent effluent concentration that affects the hatchability, gross morphological
abnormalities, survival, growth, and/or reproduction within the prescribed period of time (four to seven days).  The
results of the tests are expressed in terms of the highest concentration that has no statistically significant observed
effect on those responses when compared to the controls or the estimated concentration that causes a specified
percent reduction in responses versus the controls.

2.2.3   Use of pass/fail tests consisting of a single effluent concentration (e.g., the receiving water concentration or
RWC) and a control is not recommended.  If the NPDES permit has a whole effluent toxicity limit for acute
toxicity at the RWC, it is prudent to use that permit limit as the midpoint of a series of five effluent concentrations. 
This will ensure that there is sufficient information on the dose-response relationship.  For example, the effluent
concentrations utilized in a test may be:  (1) 100% effluent, (2) (RWC + 100)/2, (3) RWC, (4) RWC/2, and (5)
RWC/4.  More specifically, if the RWC = 50%, appropriate effluent concentrations may be 100%, 75%, 50%, 25%,
and 12.5%. 

2.2.4   Receiving (ambient) water toxicity tests commonly employ two treatments, a control and the undiluted
receiving water, but may also consist of a series of receiving water dilutions. 

2.2.5   A negative result from a chronic toxicity test does not preclude the presence of toxicity.  Also, because of the
potential temporal variability in the toxicity of effluents, a negative test result with a particular sample does not
preclude the possibility that samples collected at some other time might exhibit chronic toxicity.

2.2.6   The frequency with which chronic toxicity tests are conducted under a given NPDES permit is determined by
the regulatory agency on the basis of factors such as the variability and degree of toxicity of the waste, production
schedules, and process changes. 

2.2.7   Tests recommended for use in this methods manual may be static non-renewal or static renewal.  Individual
methods specify which static type of test is to be conducted. 

2.3   STATIC TESTS

2.3.1   Static non-renewal tests - The test organisms are exposed to the same test solution for the duration of the test.

2.3.2   Static-renewal tests - The test organisms are exposed to a fresh solution of the same concentration of sample
every 24 h or other prescribed interval, either by transferring the test organisms from one test chamber to another, or
by replacing all or a portion of solution in the test chambers.
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2.4   ADVANTAGES AND DISADVANTAGES OF TOXICITY TEST TYPES

2.4.1   STATIC NON-RENEWAL, SHORT-TERM TOXICITY TESTS:

Advantages:

1. Simple and inexpensive.
2. Very cost effective in determining compliance with permit conditions.
3. Limited resources (space, manpower, equipment) required; would permit staff to perform many more

tests in the same amount of time.
4. Smaller volume of effluent required than for static renewal or flow-through tests.

Disadvantages:

1. Dissolved oxygen (DO) depletion may result from high chemical oxygen demand (COD), 
biological oxygen demand (BOD), or metabolic wastes. 

2. Possible loss of toxicants through volatilization and/or adsorption to the exposure vessels.
3. Generally less sensitive than static renewal, because the toxic substances may degrade or be adsorbed,

thereby reducing the apparent toxicity.  Also, there is less chance of detecting slugs of toxic wastes, or
other temporal variations in waste properties.

2.4.2  STATIC RENEWAL, SHORT-TERM TOXICITY TESTS:

Advantages:

1. Reduced possibility of DO depletion from high COD and/or BOD, or ill effects from 
metabolic wastes from organisms in the test solutions.

2. Reduced possibility of loss of toxicants through volatilization and/or adsorption to the 
exposure vessels. 

3. Test organisms that rapidly deplete energy reserves are fed when the test solutions are 
renewed, and are maintained in a healthier state.

Disadvantages:

1. Require greater volume of effluent than non-renewal tests.
2. Generally less chance of temporal variations in waste properties. 
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SECTION 3

HEALTH AND SAFETY

3.1  GENERAL PRECAUTIONS 

3.1.1   Each laboratory should develop and maintain an effective health and safety program, requiring an ongoing
commitment by the laboratory management. This program should include (1) a safety officer with the responsibility
and authority to develop and maintain a safety program, (2) the preparation of a formal, written, health and safety
plan, which is provided to each of the laboratory staff, (3) an ongoing training program on laboratory safety, and (4)
regularly scheduled, documented, safety inspections.

3.1.2   Collection and use of effluents in toxicity tests may involve significant risks to personal safety and health. 
Personnel collecting effluent samples and conducting toxicity tests should take all safety precautions necessary for
the prevention of bodily injury and illness which might result from ingestion or invasion of infectious agents,
inhalation or absorption of corrosive or toxic substances through skin contact, and asphyxiation due to lack of
oxygen or presence of noxious gases.
 
3.1.3   Prior to sample collection and laboratory work, personnel will determine that all necessary safety equipment
and materials have been obtained and are in good condition.

3.1.4   Guidelines for the handling and disposal of hazardous materials must be strictly followed.

3.2   SAFETY EQUIPMENT 
 
3.2.1   PERSONAL SAFETY GEAR
 
3.2.1.1   Personnel should use safety equipment, as required, such as rubber aprons, laboratory coats, respirators,
gloves, safety glasses, hard hats, and safety shoes.  Plastic netting on glass beakers, flasks, and other glassware
minimizes breakage and subsequent shattering of the glass.

3.2.2   LABORATORY SAFETY EQUIPMENT

3.2.2.1   Each laboratory (including mobile laboratories) should be provided with safety equipment such as first aid
kits, fire extinguishers, fire blankets, emergency showers, chemical spill clean up kits, and eye fountains.

3.2.2.2   Mobile laboratories should be equipped with a telephone or other means to enable personnel to summon
help in case of emergency.

3.3   GENERAL LABORATORY AND FIELD OPERATIONS 

3.3.1   Work with effluents should be performed in compliance with accepted rules pertaining to the handling of
hazardous materials (see safety manuals listed in Section 3, Health and Safety, Subsection 3.5).  It is recommended
that personnel collecting samples and performing toxicity tests not work alone. 

3.3.2   Because the chemical composition of effluents is usually only poorly known, they should be considered as
potential health hazards, and exposure to them should be minimized.  Fume and canopy hoods over the toxicity test
areas must be used whenever possible. 
 
3.3.3   It is advisable to cleanse exposed parts of the body immediately after collecting effluent samples.

3.3.4   All containers are to be adequately labeled to indicate their contents.
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3.3.5   Staff should be familiar with safety guidelines on Material Safety Data Sheets for reagents and other
chemicals purchased from suppliers.  Incompatible materials should not be stored together.  Good housekeeping
contributes to safety and reliable results.

3.3.6   Strong acids and volatile organic solvents employed in glassware cleaning must be used in a fume hood or
under an exhaust canopy over the work area.

3.3.7   Electrical equipment or extension cords not bearing the approval of Underwriter Laboratories must not be
used.  Ground-fault interrupters must be installed in all "wet" laboratories where electrical equipment is used.

3.3.8   Mobile laboratories should be properly grounded to protect against electrical shock.

3.4   DISEASE PREVENTION 

3.4.1   Personnel handling samples which are known or suspected to contain human wastes should be immunized
against tetanus, typhoid fever, polio, and hepatitis B. 
 
3.5  SAFETY MANUALS

3.5.1  For further guidance on safe practices when collecting effluent samples and conducting toxicity tests, check
with the permittee and consult general safety manuals, including USEPA (1986e) and Walters and Jameson (1984).
 
3.6   WASTE DISPOSAL

3.6.1   Wastes generated during toxicity testing must be properly handled and disposed of in an appropriate manner. 
Each testing facility will have its own waste disposal requirements based on local, state, and Federal rules and
regulations.  It is extremely important that these rules and regulations be known, understood, and complied with by
all persons responsible for, or otherwise involved in performing the toxicity testing activities.  Local fire officials
should be notified of any potentially hazardous conditions.
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SECTION 4

QUALITY ASSURANCE

4.1   INTRODUCTION 
 
4.1.1   Development and maintenance of a toxicity test laboratory quality assurance (QA) program (USEPA, 1991a)
requires an ongoing commitment by laboratory management.  Each toxicity test laboratory should (1) appoint a
quality assurance officer with the responsibility and authority to develop and maintain a QA program; (2) prepare a
quality assurance plan with stated data quality objectives (DQOs); (3) prepare a written description of laboratory
standard operating procedures (SOPs) for culturing, toxicity testing, instrument calibration, sample chain-of-custody
procedures, laboratory sample tracking system, glassware cleaning, etc.; and (4) provide an adequate, qualified
technical staff for culturing and testing the organisms, and suitable space and equipment to assure reliable data.

4.1.2   QA practices for toxicity testing laboratories must address all activities that affect the quality of the final
effluent toxicity test data, such as:  (1) effluent sampling and handling; (2) the source and condition of the test
organisms; (3) condition of equipment; (4) test conditions; (5) instrument calibration; (6) replication; (7) use of
reference toxicants; (8) record keeping; and (9) data evaluation.  

4.1.3   Quality control practices, on the other hand, consist of the more focused, routine, day-to-day activities
carried out within the scope of the overall QA program.  For more detailed discussion of quality assurance and
general guidance on good laboratory practices and laboratory evaluation related to toxicity testing, see FDA, (1978);
USEPA, (1979d), USEPA (1980b), USEPA (1980c), and USEPA (1991c); DeWoskin (1984); and Taylor (1987).

4.1.4   Guidance for the evaluation of laboratories performing toxicity tests and laboratory evaluation criteria may
be found in USEPA (1991c).
 
4.2   FACILITIES, EQUIPMENT, AND TEST CHAMBERS 

4.2.1   Separate test organism culturing and toxicity testing areas should be provided to avoid possible loss of
cultures due to cross-contamination.  Ventilation systems should be designed and operated to prevent recirculation
or leakage of air from chemical analysis laboratories or sample storage and preparation areas into organism
culturing or testing areas, and from testing and sample preparation areas into culture rooms.
 
4.2.2   Laboratory and toxicity test temperature control equipment must be adequate to maintain recommended test
water temperatures.  Recommended materials must be used in the fabrication of the test equipment which comes in
contact with the effluent (see Section 5, Facilities, Equipment and Supplies; and specific toxicity test method).

4.3   TEST ORGANISMS

4.3.1   The test organisms used in the procedures described in this manual are the fathead minnow, Pimephales
promelas, the daphnid, Ceriodaphnia dubia, and the green alga, Selenastrum capricornutum.  The fish and
invertebrates should appear healthy, behave normally, feed well, and have low mortality in the cultures, during
holding, and in test controls.  Test organisms should be positively identified to species (see Section 6, Test
Organisms).

4.4   LABORATORY WATER USED FOR CULTURING AND TEST DILUTION WATER
 
4.4.1   The quality of water used for test organism culturing and for dilution water used in toxicity tests is extremely
important.  Water for these two uses should come from the same source.  The dilution water used in effluent toxicity
tests will depend in part on the objectives of the study and logistical constraints, as discussed in detail in Section 7,
Dilution Water. For tests performed to meet NPDES objectives, synthetic, moderately hard water should be used. 
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The dilution water used for internal quality assurance tests with organisms, food, and reference toxicants should be
the water routinely used with success in the laboratory.  Types of water are discussed in Section 5, Facilities,
Equipment and Supplies.  Water used for culturing and test dilution should be analyzed for toxic metals and
organics at least annually or whenever difficulty is encountered in meeting minimum acceptability criteria for
control survival and reproduction or growth.  The concentration of the metals Al, As, Cr, Co, Cu, Fe, Pb, Ni, and
Zn, expressed as total metal, should not exceed 1 mg/L each, and Cd, Hg, and Ag, expressed as total metal, should
not exceed 100 ng/L each.  Total organochlorine pesticides plus PCBs should be less than 50 ng/L (APHA, 1992). 
Pesticide concentrations should not exceed USEPA's Ambient Water Quality chronic criteria values where
available. 

4.5   EFFLUENT AND RECEIVING WATER SAMPLING AND HANDLING 

4.5.1   Sample holding times and temperatures of effluent samples collected for on-site and off-site testing must
conform to conditions described in Section 8, Effluent and Receiving Water Sampling, Sample Handling, and
Sample Preparation for Toxicity Tests. 
 
4.6   TEST CONDITIONS 
 
4.6.1   Water temperature should be maintained within the limits specified for each test.  The temperature of test
solutions must be measured by placing the thermometer or probe directly into the test solutions, or by placing the
thermometer in equivalent volumes of water in surrogate vessels positioned at appropriate locations among the test
vessels.  Temperature should be recorded continuously in at least one test vessel for the duration of each test.  Test
solution temperatures should be maintained within the limits specified for each test.  DO concentration and pH
should be checked at the beginning of each test and daily throughout the test period.

4.7   QUALITY OF TEST ORGANISMS

4.7.1   The health of test organisms is primarily assessed by the performance (survival, growth, and/or reproduction)
of organisms in control treatments of individual tests.  The health and sensitivity of test organisms is also assessed
by reference toxicant testing.  In addition to documenting the sensitivity and health of test organisms, reference
toxicant testing is used to initially demonstrate acceptable laboratory performance (Subsection 4.15) and to
document ongoing laboratory performance (Subsection 4.16).  

4.7.2   Regardless of the source of test organisms (in-house cultures or purchased from external suppliers), the
testing laboratory must perform at least one acceptable reference toxicant test per month for each toxicity test
method conducted in that month (Subsection 4.16).  If a test method is conducted only monthly, or less frequently, a
reference toxicant test must be performed concurrently with each effluent toxicity test.
 
4.7.3   When acute or short-term chronic toxicity tests are performed with effluents or receiving waters using test
organisms obtained from outside the test laboratory, concurrent toxicity tests of the same type must be performed
with a reference toxicant, unless the test organism supplier provides control chart data from at least the last five
monthly short-term chronic toxicity tests using the same reference toxicant and control conditions (see Section 6,
Test Organisms).

4.7.4   The supplier should certify the species identification of the test organisms, and provide the taxonomic
reference (citation and page) or name(s) of the taxonomic expert(s) consulted.

4.7.5   If routine reference toxicant tests fail to meet test acceptability criteria, then the reference toxicant test must
be immediately repeated.  
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4.8   FOOD QUALITY

4.8.1   The nutritional quality of the food used in culturing and testing fish and invertebrates is an important factor
in the quality of the toxicity test data.  This is especially true for the unsaturated fatty acid content of brine shrimp
nauplii, Artemia.  Problems with the nutritional suitability of the food will be reflected in the survival, growth, and
reproduction of the test organisms in cultures and toxicity tests.  Artemia cysts, and other foods must be obtained as
described in Section 5, Facilities, Equipment, and Supplies. 

4.8.2   Problems with the nutritional suitability of food will be reflected in the survival, growth, and reproduction of
the test organisms in cultures and toxicity tests.  If a batch of food is suspected to be defective, the performance of
organisms fed with the new food can be compared with the performance of organisms fed with a food of known
quality in side-by-side tests.  If the food is used for culturing, its suitability should be determined using a short-term
chronic test which will determine the affect of food quality on growth or reproduction of each of the relevant test
species in culture, using four replicates with each food source.  Where applicable, foods used only in chronic
toxicity tests can be compared with a food of known quality in side-by-side, multi-concentration chronic tests, using
the reference toxicant regularly employed in the laboratory QA program.

4.8.3   New batches of food used in culturing and testing should be analyzed for toxic organics and metals or
whenever difficulty is encountered in meeting minimum acceptability criteria for control survival and reproduction
or growth.  If the concentration of total organochlorine pesticides exceeds 0.15 mg/g wet weight, or the
concentration of total organochlorine pesticides plus PCBs exceeds 0.30 µg/g wet weight, or toxic metals (Al, As,
Cr, Cd, Cu, Pb, Ni, Zn, expressed as total metal) exceed 20 µg/g wet weight, the food should not be used (for
analytical methods see AOAC, 1990 and USDA, 1989).  For foods (e.g., such as YCT) which are used to culture
and test organisms, the quality of the food should meet the requirements for the laboratory water used for culturing
and test dilution water as described in Section 4.4 above.

4.9   ACCEPTABILITY OF SHORT-TERM CHRONIC TOXICITY TESTS 

4.9.1   For the tests to be acceptable, control survival in fathead minnow, Pimephales promelas, and the daphnid,
Ceriodaphnia dubia, tests must be 80% or greater.  At the end of the test, the average dry weight of surviving
seven-day-old fathead minnows in control chambers must equal or exceed 0.25 mg.  In Ceriodaphnia dubia
controls, 60% or more of the surviving females must have produced their third brood in 7 ± 1 days, and the number
of young per surviving female must be 15 or greater.  In algal toxicity tests, the mean cell density in the controls
after 96 h must equal or exceed 1 x 106 cells/mL and not vary more than 20% among replicates.  If these criteria are
not met, the test must be repeated.

4.9.2   An individual test may be conditionally acceptable if temperature, DO, and other specified conditions fall
outside specifications, depending on the degree of the departure and the objectives of the tests (see test condition
summaries).  The acceptability of the test would depend on the experience and professional judgment of the
laboratory investigator and the reviewing staff of the regulatory authority.  Any deviation from test specifications
must be noted when reporting data from the test. 

4.10   ANALYTICAL METHODS

4.10.1   Routine chemical and physical analyses for culture and dilution water, food, and test solutions must include
established quality assurance practices outlined in USEPA methods manuals (USEPA, 1979a and USEPA, 1979b).

4.10.2   Reagent containers should be dated and catalogued when received from the supplier, and the shelf life
should not be exceeded.  Also, working solutions should be dated when prepared, and the recommended shelf life
should be observed.
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4.11   CALIBRATION AND STANDARDIZATION

4.11.1   Instruments used for routine measurements of chemical and physical parameters such as pH, DO,
temperature, and conductivity, must be calibrated and standardized according to instrument manufacturer's
procedures as indicated in the general section on quality assurance (see USEPA Methods 150.1, 360.1, 170.1, and
120.1 in USEPA, 1979b).  Calibration data are recorded in a permanent log book. 

4.11.2   Wet chemical methods used to measure hardness, alkalinity and total residual chlorine must be standardized
prior to use each day according to the procedures for those specific USEPA methods (see USEPA Methods 130.2
and 310.1 in USEPA, 1979b).

4.12   REPLICATION AND TEST SENSITIVITY

4.12.1   The sensitivity of the tests will depend in part on the number of replicates per concentration, the
significance level selected, and the type of statistical analysis.  If the variability remains constant, the sensitivity of
the test will increase as the number of replicates is increased.  The minimum recommended number of replicates
varies with the objectives of the test and the statistical method used for analysis of the data.

4.13   VARIABILITY IN TOXICITY TEST RESULTS

4.13.1   Factors which can affect test success and precision include (1) the experience and skill of the laboratory
analyst; (2) test organism age, condition, and sensitivity; (3) dilution water quality; (4) temperature control; and (5)
the quality and quantity of food provided.  The results will depend upon the species used and the strain or source of
the test organisms, and test conditions, such as temperature, DO, food, and water quality.  The repeatability or
precision of toxicity tests is also a function of the number of test organisms used at each toxicant concentration. 
Jensen (1972) discussed the relationship between sample size (number of fish) and the standard error of the test, and
considered 20 fish per concentration as optimum for Probit Analysis.
 
4.14   TEST PRECISION 
 
4.14.1   The ability of the laboratory personnel to obtain consistent, precise results must be demonstrated with
reference toxicants before they attempt to measure effluent toxicity.  The single-laboratory precision of each type of
test to be used in a laboratory should be determined by performing at least five tests with a reference toxicant.

4.14.2   Test precision can be estimated by using the same strain of organisms under the same test conditions and
employing a known toxicant, such as a reference toxicant.

4.14.3   Interlaboratory precision data from a 1991 study of chronic toxicity tests with two species using the
reference toxicants potassium chloride and copper sulfate are shown in Table 1.  Table 2 shows interlaboratory
precision data from a study of three chronic toxicity test methods using effluent, receiving water, and reference
toxicant sample types (USEPA, 2001a; USEPA, 2001b).  The effluent sample was a municipal wastewater spiked
with KCl, the receiving waster sample was a river water spiked with KCl, and the reference toxicant sample
consisted of moderately-hard synthetic freshwater spiked with KCl.  Additional precision data for each of the tests
described in this manual are presented in the sections describing the individual test methods.
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TABLE 1. NATIONAL INTERLABORATORY STUDY OF CHRONIC TOXICITY TEST PRECISION, 1991: 
SUMMARY OF RESPONSES USING A REFERENCE TOXICANT1

________________________________________________________________________________________

Organism Endpoint No. Labs % Effluent2 SD CV(%)
________________________________________________________________________________________

Pimephales Survival, NOEC 146 NA NA NA
 promelas Growth, IC25 124 4.67 1.87 40.0

Growth, IC50 117 6.36 2.04 32.1
Growth, NOEC 142 NA NA NA

________________________________________________________________________________________

Ceriodaphnia Survival, NOEC 162 NA NA NA
 dubia Reproduction, IC25 155 2.69 1.96 72.9

Reproduction, IC50 150 3.99 2.35 58.9
 Reproduction, NOEC 156 NA NA NA
________________________________________________________________________________________

1 From a national study of interlaboratory precision of toxicity test data performed in 1991 by the Environmental
Monitoring Systems Laboratory- Cincinnati, U.S. Environmental Protection Agency, Cincinnati, OH 45268.
Participants included Federal, state, and private laboratories engaged in NPDES permit compliance monitoring.

2 Expressed as % effluent; in reality it was a reference toxicant (KCl) but was not known by the persons conducting
the tests.
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TABLE 2. NATIONAL INTERLABORATORY STUDY OF CHRONIC TOXICITY TEST PRECISION, 2000:
PRECISION OF RESPONSES USING EFFLUENT, RECEIVING WATER, AND REFERENCE
TOXICANT SAMPLE TYPES1.

Organism Endpoint Number of Tests2 CV (%)3

Pimephales promelas Growth, IC25 73 20.9

Ceriodaphnia dubia Reproduction, IC25 34 35.0

Selenastrum capricornutum 
(with EDTA) Growth, IC25 21 34.3

Growth, IC50 22 32.2

Selenastrum capricornutum (without
EDTA) Growth, IC25 21 58.5

Growth, IC50 22 58.5

1 From EPA’s WET Interlaboratory Variability Study (USEPA, 2001a; USEPA, 2001b).
2 Represents the number of valid tests (i.e., those that met test acceptability criteria) that were used in the analysis

of precision.  Invalid tests were not used. 
3 CVs based on total interlaboratory variability (including both within-laboratory and between-laboratory components

of variability) and averaged across sample types.  IC25s or IC50s were pooled for all laboratories to calculate the
CV for each sample type.  The resulting CVs were then averaged across sample types.  

4.14.4   Additional information on toxicity test precision is provided in the Technical Support Document for Water
Quality-based Control (see pp. 2-4, and 11-15 in USEPA, 1991a).

4.14.5   In cases where the test data are used in Probit Analysis or other point estimation techniques (see Section 9,
Chronic Toxicity Test Endpoints and Data Analysis), precision can be described by the mean, standard deviation,
and relative standard deviation (percent coefficient of variation, or CV) of the calculated endpoints from the
replicated tests.  In cases where the test data are used in the Linear Interpolation Method, precision can be estimated
by empirical confidence intervals derived by using the ICPIN Method (see Section 9, Chronic Toxicity Test
Endpoints and Data Analysis).  However, in cases where the results are reported in terms of the No-Observed-Effect
Concentration (NOEC) and Lowest-Observed-Effect Concentration (LOEC) (see Section 9, Chronic Toxicity Test
Endpoints and Data Analysis) precision can only be described by listing the NOEC-LOEC interval for each test.  It
is not possible to express precision in terms of a commonly used statistic.  However, when all tests of the same
toxicant yield the same NOEC-LOEC interval, maximum precision has been attained.  The "true" no effect
concentration could fall anywhere within the interval, NOEC ± (NOEC minus LOEC).

4.14.6   It should be noted here that the dilution factor selected for a test determines the width of the NOEC-LOEC
interval and the inherent maximum precision of the test.  As the absolute value of the dilution factor decreases, the
width of the NOEC-LOEC interval increases, and the inherent maximum precision of the test decreases.  When a
dilution factor of 0.3 is used, the NOEC could be considered to have a relative variability as high as ± 300%.  With
a dilution factor of 0.5, the NOEC could be considered to have a relative variability of ± 100%.  As a result of the
variability of different dilution factors,  USEPA recommends the use of the dilution factor of 0.5 or greater. 
Other factors which can affect test precision include:  test organism age, condition, and sensitivity; temperature
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control; and feeding.

4.15   DEMONSTRATING ACCEPTABLE LABORATORY PERFORMANCE

4.15.1   It is a laboratory's responsibility to demonstrate its ability to obtain consistent, precise results with reference
toxicants before it performs toxicity tests with effluents for permit compliance purposes.  To meet this requirement,
the intralaboratory precision, expressed as percent coefficient of variation (CV%), of each type of test to be used in
the laboratory should be determined by performing five or more tests with different batches of test organisms, using
the same reference toxicant, at the same concentrations, with the same test conditions (i.e., the same test duration,
type of dilution water, age of test organisms, feeding, etc.), and the same data analysis methods.  A reference
toxicant concentration series (0.5 or higher) should be selected that will consistently provide partial mortalities at
two or more concentrations.

4.16   DOCUMENTING ONGOING LABORATORY PERFORMANCE

4.16.1   Satisfactory laboratory performance is demonstrated by performing at least one acceptable test per month
with a reference toxicant for each toxicity test method conducted in the laboratory during that month.  For a given
test method, successive tests must be performed with the same reference toxicant, at the same concentrations, in the
same dilution water, using the same data analysis methods.  Precision may vary with the test species, reference
toxicant, and type of test.  Each laboratory’s reference toxicity data will reflect conditions unique to that facility,
including dilution water, culturing, and other variables; however, each laboratory’s reference toxicity results should
reflect good repeatability.

4.16.2   A control chart should be prepared for each combination of reference toxicant, test species, test conditions,
and endpoints.  Toxicity endpoints from five or six tests are adequate for establishing the control charts.  Successive
toxicity endpoints (NOECs, IC25s, LC50s, etc.) should be plotted and examined to determine if the results (X1) are
within prescribed limits (Figure 1).  The chart should plot logarithm of concentration on the vertical axis against the
date of the test or test number on the horizontal axis.  The types of control charts illustrated (see USEPA, 1979a) are
used to evaluate the cumulative trend of results from a series of samples, thus reference toxicant test results should
not be used as a de facto criterion for rejection of individual effluent or receiving water tests.  For endpoints that are
point estimates (LC50s and IC25s), the cumulative mean ( ) and upper and lower control limits (± 2S) are re-X̄
calculated with each successive test result.  Endpoints from hypothesis tests (NOEC, NOAEC) from each test are
plotted directly on the control chart.  The control limits would consist of one concentration interval above and below
the concentration representing the central tendency.  After two years of data collection, or a minimum of 20 data
points, the control chart should be maintained using only the 20 most recent data points.

4.16.3   Laboratories should compare the calculated CV (i.e., standard deviation / mean) of the IC25 for the 20 most
recent data points to the distribution of laboratory CVs reported nationally for reference toxicant testing (Table 3-2
in USEPA, 2000b).  If the calculated CV exceeds the 75th percentile of CVs reported nationally, the laboratory
should use the 75th and 90th percentiles to calculate warning and control limits, respectively, and the laboratory
should investigate options for reducing variability. Note:  Because NOECs can only be a fixed number of discrete
values, the mean, standard deviation, and CV cannot be interpreted and applied in the same way that these
descriptive statistics are interpreted and applied for continuous variables such as the IC25 or LC50. 

4.16.4  The outliers, which are values falling outside the upper and lower control limits, and trends of increasing or
decreasing sensitivity, are readily identified.  In the case of endpoints that are point estimates (LC50s and IC25s), at
the P0.05 probability level, one in 20 tests would be expected to fall outside of the control limits by chance alone.  If
more than one out of 20 reference toxicant tests fall outside the control limits, the laboratory should investigate
sources of variability, take corrective actions to reduce identified sources of variability, and perform an additional
reference toxicant test during the same month.  Control limits for the NOECs will also be exceeded occasionally,
regardless of how well a laboratory performs.  In those instances when the laboratory can document the cause for
the outlier (e.g., operator error, culture health or test system failure), the outlier should be excluded from the future
calculations of the control limits.   If two or more consecutive tests do not fall within the control limits, the results
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must be explained and the reference toxicant test must be immediately repeated.  Actions taken to correct the
problem must be reported.

4.16.5  If the toxicity value from a given test with a reference toxicant falls well outside the expected range for the
other test organisms when using the standard dilution water and other test conditions, the laboratory should
investigate sources of variability, take corrective actions to reduce identified sources of variability, and perform an
additional reference toxicant test during the same month.  Performance should improve with experience, and the
control limits for endpoints that are point estimates should gradually narrow.  However, control limits of ± 2S will
be exceeded 5% of the time by chance alone, regardless of how well a laboratory performs.  Highly proficient
laboratories which develop very narrow control limits may be unfairly penalized if a test result which falls just
outside the control limits is rejected de facto.  For this reason, the width of the control limits should be considered in
determining whether or not a reference toxicant test result falls “well” outside the expected range.  The width of the
control limits may be evaluated by comparing the calculated CV (i.e., standard deviation / mean) of the IC25 for the
20 most recent data points to the distribution of laboratory CVs reported nationally for reference toxicant testing
(Table 3-2 in USEPA, 2000b).  In determining whether or not a reference toxicant test result falls “well” outside the
expected range, the result also may be compared with upper and lower bounds for ±3S, as any result outside these
control limits would be expected to occur by chance only 1 out of 100 tests (Environment Canada, 1990). When a
result from a reference toxicant test is outside the 99% confidence intervals, the laboratory must conduct an
immediate investigation to assess the possible causes for the outlier.  

4.16.6   Reference toxicant test results should not be used as a de facto criterion for rejection of individual effluent
or receiving water tests.  Reference toxicant testing is used for evaluating the health and sensitivity of organisms
over time and for documenting initial and ongoing laboratory performance.  While reference toxicant test results
should not be used as a de facto criterion for test rejection, effluent and receiving water test results should be
reviewed and interpreted in the light of reference toxicant test results.  The reviewer should consider the degree to
which the reference toxicant test result fell outside of control chart limits, the width of the limits, the direction of the
deviation (toward increased test organism sensitivity or toward decreased test organism sensitivity), the test
conditions of both the effluent test and the reference toxicant test, and the objective of the test.

4.17   REFERENCE TOXICANTS

4.17.1   Reference toxicants such as sodium chloride (NaCl), potassium chloride (KCl), cadmium chloride (CdCl2),
copper sulfate (CuSO4), sodium dodecyl sulfate (SDS), and potassium dichromate (K2Cr2O7), are suitable for use in
the NPDES Program and other Agency programs requiring aquatic toxicity tests.  EMSL-Cincinnati hopes to release
USEPA-certified solutions of cadmium and copper for use as reference toxicants through cooperative research and
development agreements with commercial suppliers, and will continue to develop additional reference toxicants for
future release.  Standard reference materials can be obtained from commercial supply houses, or can be prepared
inhouse using reagent grade chemicals.  The regulatory agency should be consulted before reference toxicant(s) are
selected and used.
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Figure 1.  Control charts. (A) hypothesis testing results;  (B) point estimates (LC, EC, or IC).
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4.18   RECORD KEEPING

4.18.1   Proper record keeping is important.  A complete file should be maintained for each individual toxicity test
or group of tests on closely related samples.  This file should contain a record of the sample chain-of-custody; a
copy of the sample log sheet; the original bench sheets for the test organism responses during the toxicity test(s);
chemical analysis data on the sample(s); detailed records of the test organisms used in the test(s), such as species,
source, age, date of receipt, and other pertinent information relating to their history and health; information on the
calibration of equipment and instruments; test conditions employed; and results of reference toxicant tests. 
Laboratory data should be recorded on a real-time basis to prevent the loss of information or inadvertent
introduction of errors into the record.  Original data sheets should be signed and dated by the laboratory personnel
performing the tests.

4.18.2   The regulatory authority should retain records pertaining to discharge permits.  Permittees are required to
retain records pertaining to permit applications and compliance for a minimum of 3 years [40 CFR 122.41(j)(2)].
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SECTION 5

FACILITIES, EQUIPMENT, AND SUPPLIES

5.1   GENERAL REQUIREMENTS 
 
5.1.1   Effluent toxicity tests may be performed in a fixed or mobile laboratory.  Facilities must include equipment
for rearing and/or holding organisms.  Culturing facilities for test organisms may be desirable in fixed laboratories
which perform large numbers of tests.  Temperature control can be achieved using circulating water baths, heat
exchangers, or environmental chambers.  Water used for rearing, holding, acclimating, and testing organisms may
be ground water, receiving water, dechlorinated tap water, or reconstituted synthetic water.  Dechlorination can be
accomplished by carbon filtration, or the use of sodium thiosulfate.  Use of 3.6 mg (anhydrous) sodium
thiosulfate/L will reduce l.0 mg chlorine/L.  After dechlorination, total residual chlorine should be non-detectable. 
Air used for aeration must be free of oil and toxic vapors.  Oil-free air pumps should be used where possible. 
Particulates can be removed from the air using BALSTON® Grade BX or equivalent filters, and oil and other
organic vapors can be removed using activated carbon filters (BALSTON®, C-1 filter, or equivalent).

5.1.2   The facilities must be well ventilated and free from fumes.  Laboratory ventilation systems should be
checked to ensure that return air from chemistry laboratories and/or sample holding areas is not circulated to test
organism culture rooms or toxicity test rooms, or that air from toxicity test rooms does not contaminate culture
areas.  Sample preparation, culturing, and toxicity test areas should be separated to avoid cross contamination of
cultures or toxicity test solutions with toxic fumes.  Air pressure differentials between such rooms should not result
in a net flow of potentially contaminated air to sensitive areas through open or loosely- fitting doors.  Organisms
should be shielded from external disturbances.

5.1.3   Materials used for exposure chambers, tubing, etc., that come in contact with the effluent and dilution water
should be carefully chosen.  Tempered glass and perfluorocarbon plastics (TEFLON®) should be used whenever
possible to minimize sorption and leaching of toxic substances.  These materials may be reused following
decontamination.  Containers made of plastics, such as polyethylene, polypropylene, polyvinyl chloride, TYGON®,
etc., may be used as test chambers or to ship, store and transfer effluents and receiving waters, but they should not
be reused unless absolutely necessary, because they could carry over adsorbed toxicants from one test to another, if
reused.  However, these containers may be repeatedly reused for storing uncontaminated waters, such as deionized
or laboratory-prepared dilution waters and receiving waters.  Glass or disposable polystyrene containers can be used
for test chambers.  The use of large ($ 20 L) glass carboys is discouraged for safety reasons. 

5.1.4   New plastic products of a type not previously used should be tested for  toxicity before initial use by
exposing the test organisms in the test system where the material is used.  Equipment (pumps, valves, etc.) which
cannot be discarded after each use because of cost, must be decontaminated according to the cleaning procedures
listed below (see Section 5, Facilities, Equipment and Supplies, Subsection 5.3.2).  Fiberglass and stainless steel, in
addition to the previously mentioned materials, can be used for holding, acclimating, and dilution water storage
tanks, and in the water delivery system, but once contaminated with pollutants the fiberglass should not be reused. 
All material should be flushed or rinsed thoroughly with the test media before using in the test.

5.1.5   Copper, galvanized material, rubber, brass, and lead must not come in contact with culturing, holding,
acclimation, or dilution water, or with effluent samples and test solutions.  Some materials, such as several types of
neoprene rubber (commonly used for stoppers), may be toxic and should be tested before use. 

5.1.6   Silicone adhesive used to construct glass test chambers absorbs some organochlorine and organophosphorus
pesticides, which are difficult to remove.  Therefore, as little of the adhesive as possible should be in contact with
water.  Extra beads of adhesive inside the containers should be removed. 
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5.2   TEST CHAMBERS 

5.2.1   Test chamber size and shape are varied according to size of the test organism.  Requirements are specified in
each toxicity test method.

5.3   CLEANING TEST CHAMBERS AND LABORATORY APPARATUS
 
5.3.1   New plasticware used for sample collection or organism exposure vessels does not require thorough cleaning
before use.  It is sufficient to rinse new sample containers once with dilution water before use.  New glassware must
be soaked overnight in 10% acid (see below) and rinsed well in deionized water and dilution water.
 
5.3.2   All non-disposable sample containers, test vessels, tanks, and other equipment that have come in contact with
effluent must be washed after use to remove contaminants as described below.   

1. Soak 15 min in tap water and scrub with detergent, or clean in an automatic dishwasher.
2. Rinse twice with tap water.
3. Carefully rinse once with fresh, dilute (10%, V:V) hydrochloric or  nitric acid to remove scale, metals

and bases.  To prepare a 10% solution of acid, add 10 mL of concentrated acid to 90 mL of deionized
water. 

4. Rinse twice with deionized water.
5. Rinse once with full-strength, pesticide-grade acetone to remove organic compounds (use a fume hood

or canopy).
6. Rinse three times with deionized water.

5.3.3   Special requirements for cleaning glassware used in the green alga, Selenastrum capricornutum, toxicity tests
(Method 1003.0, Section 14).  Prepare all graduated cylinders, test flasks, bottles, volumetric flasks, centrifuge
tubes and vials used in algal assays as follows: 

1. Wash with non-phosphate detergent solution, preferably heated to $ 50°C.  Brush the inside of flasks
with a stiff-bristle brush to loosen any attached material.  The use of a commercial laboratory glassware
washer or heavy-duty kitchen dishwasher (under-counter type) is highly recommended.

2. Rinse with tap water.
3. Test flasks should be thoroughly rinsed with acetone and a 10% solution (by volume) of reagent grade

hydrochloric acid (HCl).  It may be advantageous to soak the flasks in 10% HCl for several days.  Fill
vials and centrifuge tubes with the 10% HCl solution and allow to stand a few minutes; fill all larger
containers to about one-tenth capacity with HCl solution and swirl so that the entire surface is bathed.

4. Rinse twice with MILLIPORE® MILLI-Q® OR QPAK™2, or equivalent, water.
5. New test flasks, and all flasks which through use may become contaminated with toxic organic

substances, must be rinsed with  pesticide-grade acetone or heat-treated before use.  To thermally  
degrade organics, place glassware in a high temperature oven at 400°C for 30 min.  After cooling, go to
7.  If acetone is used, go to 6.

6. Rinse thoroughly with MILLIPORE® MILLI-Q® or QPAK™2, or equivalent  water, and dry in an 105°C
oven.  All glassware should be autoclaved before use and between uses.

7. Cover the mouth of each chamber with aluminum foil or other closure, as appropriate, before storing.

5.3.4   The use of sterile, disposable pipets will eliminate the need for pipet washing and minimize the possibility of
contaminating the cultures with toxic substances.

5.3.5   All test chambers and equipment must be thoroughly rinsed with the dilution water immediately prior to use
in each test. 
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5.4   APPARATUS AND EQUIPMENT FOR CULTURING AND TOXICITY TESTS

5.4.1   Apparatus and equipment requirements for culturing and testing are specified in each toxicity test method. 
Also, see USEPA, 2002a.

5.4.2   WATER PURIFICATION SYSTEM

5.4.2.1   A good quality, laboratory grade deionized water, providing a resistance of 18 megaohm-cm, must be
available in the laboratory and in sufficient quantity for laboratory needs.  Deionized water may be obtained from
MILLIPORE® Milli-Q®, MILLIPORE® QPAK™2 or equivalent system.  If large quantities of high quality
deionized water are needed, it may be advisable to supply the laboratory grade deionizer with preconditioned water
from a Culligan®, Continental®, or equivalent mixed-bed water treatment system.

5.5   REAGENTS AND CONSUMABLE MATERIALS

5.5.1   SOURCES OF FOOD FOR CULTURE AND TOXICITY TESTS

1. Brine shrimp, Artemia sp., cysts -- Many commercial sources of brine shrimp cysts are available.
2. Frozen adult brine shrimp, Artemia -- Available from most pet supply shops or other commercial

sources.
3. Flake fish food -- TETRAMIN® and BIORIL® are available from most pet shops.
4. Trout chow -- Available from commercial sources.
5. Cereal leaves, CEROPHYLL® or equivalent -- Available from commercial sources.
6. Yeast -- Packaged dry yeast, such as Fleischmann's, or equivalent, can be purchased at the local grocery

store or commercial sources.
7. Alfalfa Rabbit Pellets -- Available from feed stores as Purina rabbit chow.
8. Algae - Available from commercial sources.

5.5.1.1   All food should be tested for nutritional suitability and chemically analyzed for organochlorine pesticides,
PCBs, and toxic metals (see Section 4, Quality Assurance).

5.5.2   Reagents and consumable materials are specified in each toxicity test method section.  Also, see Section 4,
Quality Assurance.

5.6   TEST ORGANISMS

5.6.1   Test organisms should be obtained from inhouse cultures or from commercial suppliers (see specific test
method; Section 4, Quality Assurance; and Section 6, Test Organisms).

5.7   SUPPLIES

5.7.1   See test methods (see Sections 11-14) for specific supplies.
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 SECTION 6

TEST ORGANISMS

6.1   TEST SPECIES

6.1.1   The species used in characterizing the chronic toxicity of effluents and/or receiving waters will depend on the
requirements of the regulatory authority and the objectives of the test.  It is essential that good quality test organisms
be readily available throughout the year from inhouse or commercial sources to meet NPDES monitoring
requirements.  The organisms used in the toxicity tests must be identified to species.  If there is any doubt as to the
identity of the test organism, representative specimens should be sent to a taxonomic expert to confirm the
identification.

6.1.2   Toxicity test conditions and culture methods for the species listed in Subsection 6.1.3 are provided in this
manual also, see USEPA, 2002a.

6.1.3   The organisms used in the short-term chronic toxicity tests described in this manual are the fathead minnow,
Pimephales promelas, the daphnid, Ceriodaphnia dubia (Berner, 1986), and the green alga, Selenastrum
capricornutum. 

6.1.4   Some states have developed culturing and testing methods for indigenous species that may be as sensitive, or
more sensitive, than the species recommended in Subsection 6.1.3.  However, USEPA allows the use of indigenous
species only where state regulations require their use or prohibit importation of the recommended species in
Subsection 6.1.3.  Where state regulations prohibit importation of non-native fishes or the use of recommended test
species, permission must be requested from the appropriate state agency prior to their use.

6.1.5   Where states have developed culturing and testing methods for indigenous species other than those
recommended in this manual, data comparing the sensitivity of the substitute species and the one or more
recommended species must be obtained in side-by-side toxicity tests with reference toxicants and/or effluents, to
ensure that the species selected are at least as sensitive as the recommended species.  These data must be submitted
to the permitting authority (State or Region) if required.  USEPA acknowledges that reference toxicants prepared
from pure chemicals may not always be representative of effluents.  However, because of the observed and/or
potential variability in the quality and toxicity of effluents, it is not possible to specify a representative effluent.

6.1.6   Guidance for the selection of test organisms where the salinity of the effluent and/or receiving water requires
special consideration is provided in the Technical Support Document for Water Quality-based Toxics Control
(USEPA, 1991a).

1. Where the salinity of the receiving water is < 1‰, freshwater organisms are used regardless of the
salinity of the effluent.

2. Where the salinity of the receiving water is $ 1‰, the choice of organisms depends on state water
quality standards and/or permit requirements.

6.2   SOURCES OF TEST ORGANISMS

6.2.1   The test organisms recommended in this manual can be cultured in the laboratory using culturing and
handling methods for each organism described in the respective test method sections.  The fathead minnow,
Pimephales promelas, culture method is given in Section 11 and not repeated in Section 12.  Also, see USEPA
(2002a).
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6.2.2   Inhouse cultures should be established wherever it is cost effective.  If inhouse cultures cannot be maintained
or it is not cost effective, test organisms or starter cultures should be purchased from experienced commercial
suppliers (see USEPA, 2002a).

6.2.3   Starter cultures of the green algae, Selenastrum capricornutum, S. minutum, and Chlamydomonas reinhardti
are available from commercial suppliers.

6.2.4   Because the daphnid, Ceriodaphnia dubia, must be cultured individually in the laboratory for at least seven
days before the test begins, it will be necessary to obtain a starter culture from a commercial source at least three
weeks before the test is to begin if they are not being cultured inhouse.

6.2.5   If, because of their source, there is any uncertainty concerning the identity of the organisms, it is advisable to
have them examined by a taxonomic specialist to confirm their identification.  For detailed guidance on
identification, see the individual test methods.
 
6.2.6   FERAL (NATURAL OCCURRING, WILD CAUGHT) ORGANISMS

6.2.6.1   The use of test organisms taken from the receiving water has strong appeal, and would seem to be a logical
approach.  However, it is generally impractical and not recommended for the following reasons:

1. Sensitive organisms may not be present in the receiving water because of previous exposure to the
effluent or other pollutants.

2. It is often difficult to collect organisms of the required age and quality from the receiving water.
3. Most states require collecting permits, which may be difficult to obtain.  Therefore, it is usually more

cost effective to culture the organisms in the laboratory or obtain them from private, state, or Federal
sources.  The fathead minnow, Pimephales promelas, the daphnid, Ceriodaphnia dubia, and the green
alga, Selenastrum capricornutum, are easily cultured in the laboratory or readily available
commercially.

4. The required QA/QC records, such as the single laboratory precision data, would not be available.
5. Since it is mandatory that the identity of the test organism be known to species level, it would be

necessary to examine each organism caught in the wild to confirm its identity.  This would usually be
impractical or, at the least, very stressful to the organisms.

6. Test organisms obtained from the wild must be observed in the laboratory for a minimum of one week
prior to use, to assure that they are free of signs of parasitic or bacterial infections and other adverse
effects.  Fish captured by electroshocking must not be used in toxicity testing.

6.2.6.2   Guidelines for collecting natural occurring organisms are provided in USEPA (1973), USEPA (1990) and
USEPA (1993b).

6.2.7   Regardless of their source, test organisms should be carefully observed to ensure that they are free of signs of
stress and disease, and in good physical condition.  Some species of test organisms can be obtained from
commercial stock certified as "disease-free".

6.3   LIFE STAGE

6.3.1   Young organisms are often more sensitive to toxicants than are adults.  For this reason, the use of early life
stages, such as larval fish, is required for all tests.  In a given test, all organisms should be approximately the same
age and should be taken from the same source.  Since age may affect the results of the tests, it would enhance the
value and comparability of the data if the same species in the same life stages were used throughout a monitoring
program at a given facility.
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6.4   LABORATORY CULTURING

6.4.1   Instructions for culturing and/or holding the recommended test organisms are included in the respective test
methods (also, see USEPA, 2002a).

6.5   HOLDING AND HANDLING TEST ORGANISMS

6.5.1   Test organisms should not be subjected to changes of more than 3°C in water temperature in any 12 h period
or 2 units of pH in any 24-h period.

6.5.2   Organisms should be handled as little as possible.  When handling is necessary, it should be done as gently,
carefully, and quickly as possible to minimize stress.  Organisms that are dropped or touch a dry surface or are
injured during handling must be discarded.  Dipnets are best for handling larger organisms.  These nets are
commercially available or can be made from small-mesh nylon netting, silk batting cloth, plankton netting, or
similar material.  Wide-bore, smooth glass tubes (4 to 8 mm ID) with rubber bulbs or pipettors (such as
PROPIPETTE®) should be used for transferring smaller organisms such as larval fish.

6.5.3   Holding tanks for fish are supplied with good quality water (see Section 5, Facilities, Equipment, and
Supplies) with flow-through rate of at least two tank volumes per day.  Otherwise use a recirculation system where
water flows through an activated carbon or undergravel filter to remove dissolved metabolites.  Culture water can
also be piped through high intensity ultraviolet light sources for disinfection, and to photodegrade dissolved
organics.

6.5.4   Crowding must be avoided because it will stress the organisms and lower the DO concentrations to
unacceptable levels.  The solution of oxygen depends on temperature and altitude.  The DO must be maintained at a
minimum of 4.0 mg/L.  Aerate gently if necessary.

6.5.5   The organisms should be observed carefully each day for signs of disease, stress, physical damage, or
mortality.  Dead and abnormal organisms should be removed as soon as observed.  It is not uncommon for some
fish mortality (5-10%) to occur during the first 48 h in a holding tank because of individuals that refuse to feed on
artificial food and die of starvation.  Organisms in the holding tanks should generally be fed as in the cultures (see
culturing methods in the respective methods).

6.5.6   Fish should be fed as much as they will eat at least once a day with live brine shrimp nauplii, Artemia, or
frozen adult brine shrimp, or dry food (frozen food should be completely thawed before use).  Adult brine shrimp
can be supplemented with commercially prepared food such as TETRAMIN® or BIORIL® flake food, or equivalent. 
Excess food and fecal material should be removed from the bottom of the tanks at least twice a week by siphoning.

6.5.7   A daily record of feeding, behavioral observations, and mortality should be maintained.

6.6   TRANSPORTATION TO THE TEST SITE

6.6.1   Organisms are transported from the base or supply laboratory to a remote test site in culture water or standard
dilution water in plastic bags or large-mouth screw-cap (500 mL) plastic bottles in styrofoam coolers.  Adequate DO
is maintained by replacing the air above the water in the bags with oxygen from a compressed gas cylinder, and
sealing the bags or by use of an airstone supplied by a portable pump.  The DO concentration must not fall below
4.0 mg/L.

6.6.2   Upon arrival at the test site, the organisms are transferred to receiving water if receiving water is to be used
as the test dilution water.  All but a small volume of the holding water (approximately 5%) is removed by siphoning
and replaced slowly over a 10 to 15 minute period with dilution water.  If receiving water is to be used as the
dilution water, caution must be exercised in exposing the test organisms to it, because of the possibility that it might
be toxic.  For this reason, it is recommended that only approximately 10% of the test organisms be exposed initially
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to the dilution water.  If this group does not show excessive mortality or obvious signs of stress in a few hours, the
remainder of the test organisms may be transferred to the dilution water.

6.6.3   A group of organisms must not be used for a test if they appear to be unhealthy, discolored, or otherwise
stressed, or if mortality appears to exceed 10% preceding the test.  If the organisms fail to meet these criteria, the
entire group must be discarded and a new group obtained.  The mortality may be due to the presence of toxicity, if
the receiving water is used as dilution water, rather than a diseased condition of the test organisms.  If the
acclimation process is repeated with a new group of test organisms and excessive mortality occurs, it is
recommended that an alternative source of dilution water be used.

6.7   TEST ORGANISM DISPOSAL

6.7.1   When the toxicity test(s) is concluded, all test organisms (including controls) should be humanely destroyed
and disposed of in an appropriate manner.
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SECTION 7

DILUTION WATER

7.1   TYPES OF DILUTION WATER

7.1.1   The type of dilution water used in effluent toxicity tests will depend largely on the objectives of the study. 
 
7.1.1.1   If the objective of the test is to estimate the absolute chronic toxicity of the effluent, a synthetic (standard)
dilution water is used.  If the test organisms have been cultured in water which is different from the test dilution
water, a second set of controls, using culture water, should be included in the test.

7.1.1.2   If the objective of the test is to estimate the chronic toxicity of the effluent in uncontaminated receiving
water, the test may be conducted using dilution water consisting of a single grab sample of receiving water (if
non-toxic), collected either upstream and outside the influence of the outfall, or with other uncontaminated natural
water (ground or surface water) or standard dilution water having approximately the same characteristics (hardness,
alkalinity, and conductivity) as the receiving water.  Seasonal variations in the quality of receiving waters may
affect effluent toxicity.  Therefore, the pH, alkalinity, hardness, and conductivity of receiving water samples should
be determined before each use.  If the test organisms have been cultured in water which is different from the test
dilution water, a second set of controls, using culture water, should be included in the test.

7.1.1.3   If the objective of the test is to determine the additive or mitigating effects of the discharge on already
contaminated receiving water, the test is performed using dilution water consisting of receiving water collected
immediately upstream or outside the influence of the outfall.  A second set of controls, using culture water, should
be included in the test.

7.1.2   An acceptable dilution water is one which is appropriate for the objectives of the test; supports adequate
performance of the test organisms with respect to survival, growth, reproduction, or other responses that may be
measured in the test (i.e., consistently meets test acceptability criteria for control responses); is consistent in quality;
and does not contain contaminants that could produce toxicity.  Receiving waters, synthetic waters, or synthetic
waters adjusted to approximate receiving water characteristics may be used for dilution provided that the water
meets the above listed qualifications for an acceptable dilution water. USEPA (2000a) provides additional guidance
on selecting appropriate dilution waters.

7.1.3   When dual controls (one control using culture water and one control using dilution water) are used (see
Subsections 7.1.1.1 - 7.1.1.3 above), the dilution water control should be used to determine test acceptability.  It is
also the dilution water control that should be compared to effluent treatments in the calculation and reporting of test
results.  The culture water control should be used to evaluate the appropriateness of the dilution water source. 
Significant differences between organism responses in culture water and dilution water controls could indicate
toxicity in the dilution water and may suggest an alternative dilution water source.  USEPA (2000a) provides
additional guidance on dual controls.

7.2   STANDARD, SYNTHETIC DILUTION WATER

7.2.1   Standard, synthetic dilution water is prepared with deionized water and reagent grade chemicals or mineral
water (Tables 3 and 4).  The source water for the deionizer can be ground water or tap water.

7.2.2   DEIONIZED WATER USED TO PREPARE STANDARD, SYNTHETIC, DILUTION WATER

7.2.2.1   Deionized water is obtained from a MILLIPORE® MILLI-Q®, MILLIPORE® QPAK™
2 or equivalent

system.  It is advisable to provide a preconditioned (deionized) feed water by using a Culligan®, Continental®, or
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equivalent system in front of the MILLIPORE® System to extend the life of the MILLIPORE® cartridges (see
Section 5, Facilities, Equipment, and Supplies). 

7.2.2.2   The recommended order of the cartridges in a four-cartridge deionizer (i.e., MILLI-Q® System or
equivalent) is (1) ion exchange, (2) ion exchange, (3) carbon, and (4) organic cleanup (such as ORGANEX-Q®, or
equivalent) followed by a final bacteria filter.  The QPAK™

2 water system is a sealed system which does not allow
for the rearranging of the cartridges.  However, the final cartridge is an ORGANEX-Q® filter, followed by a final
bacteria filter.  Commercial laboratories using this system have not experienced any difficulty in using the water for
culturing or testing.  Reference to the MILLI-Q® systems throughout the remainder of the manual includes all
MILLIPORE® or equivalent systems. 

7.2.3   STANDARD, SYNTHETIC FRESHWATER

7.2.3.1   To prepare 20 L of synthetic, moderately hard, reconstituted water, use the reagent grade chemicals in
Table 3 as follows:

1. Place 19 L of MILLI-Q®, or equivalent, water in a properly cleaned plastic carboy.
2. Add 1.20 g of MgSO4, 1.92 g NaHCO3, and 0.080g KCl to the carboy.
3. Aerate overnight.
4. Add 1.20 g of CaSO4•2H20 to 1 L of MILLI-Q® or equivalent deionized water in a separate flask.  Stir

on magnetic stirrer until calcium sulfate is dissolved, add to the 19 L above, and mix well.
5. For Ceriodaphnia dubia culturing and testing, add sufficient sodium selenate (Na2SeO4) to provide 2

mg selenium per liter of final dilution water.
6. Aerate the combined solution vigorously for an additional 24 h to dissolve the added chemicals and

stabilize the medium.
7. The measured pH, hardness, etc., should be as listed in Table 3.

TABLE 3.  PREPARATION OF SYNTHETIC FRESHWATER USING REAGENT GRADE CHEMICALS1

Water Reagent Added (mg/L)2 Approximate  Final Water Quality
Type  Alka-

NaHCO3 CaSO4•2H2O MgSO4 KCl            pH3 Hardness4      linity4

Very soft 12.0 7.5 7.5 0.5 6.4-6.8 10-13 10-13
Soft 48.0 30.0 30.0 2.0 7.2-7.6 40-48 30-35
Moderately
  Hard 96.0 60.0 60.0 4.0 7.4-7.8 80-100 57-64
Hard 192.0 120.0 120.0 8.0 7.6-8.0 160-180 110-120
Very hard 384.0 240.0 240.0 16.0 8.0-8.4 280-320 225-245

1 Taken in part from Marking and Dawson (1973).
2 Add reagent grade chemicals to deionized water.
3 Approximate equilibrium pH after 24 h of aeration.
4 Expressed as mg CaCO3/L.
 
7.2.3.2   If large volumes of synthetic reconstituted water will be needed, it may be advisable to mix 1 L portions of
concentrated stock solutions of NaHCO3, MgSO4, and KCl for use in preparation of the reconstituted waters.

7.2.3.3   To prepare 20 L of standard, synthetic, moderately hard, reconstituted water, using mineral water such as
PERRIER® Water, or equivalent (Table 4), follow the instructions below.
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1. Place 16 L of MILLI-Q® or equivalent water in a properly cleaned plastic carboy.
2. Add 4 L of PERRIER® Water, or equivalent.
3. Aerate vigorously for 24 h to stabilize the medium.
4. The measured pH, hardness and alkalinity of the aerated water will be as indicated in Table 4.
5. This synthetic water is referred to as diluted mineral water (DMW) in the toxicity test methods.

    TABLE 4.  PREPARATION OF SYNTHETIC FRESHWATER USING MINERAL WATER1

Approximate Final Water Quality
Volume of Proportion 

Water Mineral Water of Mineral Alka-
Type Added (mL/L)2 Water (%) pH3 Hardness4 linity4

Very soft                     50               2.5 7.2-8.1 10-13 10-13
Soft 100 10.0 7.9-8.3 40-48 30-35
Moderately Hard 200 20.0 7.9-8.3 80-100 57-64
Hard 400 40.0 7.9-8.3 160-180 110-120
Very hard5  --- --- --- ---  ---

1 From Mount et al. (1987), and data provided by Philip Lewis, EMSL-Cincinnati, OH.
2 Add mineral water to Milli-Q® water, or equivalent, to prepare Diluted Mineral Water (DMW).
3 Approximate equilibrium pH after 24 h of aeration.
4 Expressed as mg CaCO3/L.
5 Dilutions of PERRIER® Water form a precipitate when concentrations equivalent to "very hard water" are

aerated. 

7.3   USE OF RECEIVING WATER AS DILUTION WATER

7.3.1   If the objectives of the test require the use of uncontaminated receiving water as dilution water, and the
receiving water is uncontaminated, it may be possible to collect a sample of the receiving water upstream of, or
close to, but outside of the zone influenced by the effluent.  However, if the receiving water is contaminated, it may
be necessary to collect the sample in an area "remote" from the discharge site, matching as closely as possible the
physical and chemical characteristics of the receiving water near the outfall.

7.3.2   The sample should be collected immediately prior to the test, but never more than 96 h before the test begins. 
Except where it is used within 24 h, or in the case where large volumes are required for flow through tests, the
sample should be chilled to 0-6°C during or immediately following collection, and maintained at that temperature
prior to use in the test.

7.3.3   Receiving water containing debris or indigenous organisms that may be confused with or attack the test
organisms should be filtered through a sieve having 60 mm mesh openings prior to use.

7.3.4   Where toxicity-free dilution water is required in a test, the water is considered acceptable if test organisms
show the required survival, growth, and reproduction in the controls during the test. 

7.3.5   The regulatory authority may require that the hardness of the dilution water be comparable to the receiving
water at the discharge site.  This requirement can be satisfied by collecting an uncontaminated receiving water with
a suitable hardness, or adjusting the hardness of an otherwise suitable receiving water by addition of reagents as
indicated in Table 3.
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7.4   USE OF TAP WATER AS DILUTION WATER

7.4.1   The use of tap water as dilution water is discouraged unless it is dechlorinated and passed through a
deionizer and carbon filter.  Tap water can be dechlorinated by deionization, carbon filtration, or the use of sodium
thiosulfate.  Use of 3.6 mg/L (anhydrous) sodium thiosulfate will reduce 1.0 mg chlorine/L (APHA, 1992). 
Following dechlorination, total residual chlorine should not exceed 0.01 mg/L.  Because of the possible toxicity of
thiosulfate to test organisms, a control lacking thiosulfate should be included in toxicity tests utilizing thiosulfate-
dechlorinated water.

7.4.2   To be adequate for general laboratory use following dechlorination, the tap water is passed through a
deionizer and carbon filter to remove toxic metals and organics, and to control hardness and alkalinity.

7.5   DILUTION WATER HOLDING

7.5.1   A given batch of dilution water should not be used for more than 14 days following preparation because of
the possible build-up of bacterial, fungal, or algal slime growth and the problems associated with it.  The container
should be kept covered and the contents should be protected from light.
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SECTION 8

EFFLUENT AND RECEIVING WATER SAMPLING, SAMPLE HANDLING,
AND SAMPLE PREPARATION FOR TOXICITY TESTS

8.1   EFFLUENT SAMPLING 
 
8.1.1   The effluent sampling point should be the same as that specified in the NPDES discharge permit (USEPA,
1988a).  Conditions for exception would be:  (l) better access to a sampling point between the final treatment and
the discharge outfall; (2) if the processed waste is chlorinated prior to discharge, it may also be desirable to take
samples prior to contact with the chlorine to determine toxicity of the unchlorinated effluent; or (3) in the event
there is a desire to evaluate the toxicity of the influent to municipal waste treatment plants or separate wastewater
streams in industrial facilities prior to their being combined with other wastewater streams or non-contact cooling
water, additional sampling points may be chosen. 
 
8.1.2   The decision on whether to collect grab or composite samples is based on the objectives of the test and an
understanding of the short and long-term operations and schedules of the discharger.  If the effluent quality varies
considerably with time, which can occur where holding times are short, grab samples may seem preferable because
of the ease of collection and the potential of observing peaks (spikes) in toxicity.  However, the sampling duration
of a grab sample is so short that full characterization of an effluent over a 24-h period would require a prohibitively
large number of separate samples and tests.  Collection of a 24-h composite sample, however, may dilute toxicity
spikes, and average the quality of the effluent over the sampling period.  Sampling recommendations are provided
below (also see USEPA, 2002a).

8.1.3   Aeration during collection and transfer of effluents should be minimized to reduce the loss of volatile
chemicals.

8.1.4   Details of date, time, location, duration, and procedures used for effluent sample and dilution water
collection should be recorded.

8.2   EFFLUENT SAMPLE TYPES 
 
8.2.1   The advantages and disadvantages of effluent grab and composite samples are listed below:

8.2.1.1   GRAB SAMPLES

    Advantages: 
 

1. Easy to collect; require a minimum of equipment and on-site time. 
2. Provide a measure of instantaneous toxicity.  Toxicity spikes are not masked by dilution. 

    Disadvantages: 

1. Samples are collected over a very short period of time and on a relatively infrequent basis.  The
chances of detecting a spike in toxicity would depend on the frequency of sampling and the probability
of missing a spike is high.

8.2.1.2   COMPOSITE SAMPLES

Advantages:

1. A single effluent sample is collected over a 24-h period.
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2. The sample is collected over a much longer period of time than a single grab sample and contains all
toxicity spikes.

Disadvantages:

1. Sampling equipment is more sophisticated and expensive, and must be placed on-site for at least 24 h.
2. Toxicity spikes may not be detected because they are masked by dilution with less toxic wastes. 

8.3   EFFLUENT SAMPLING RECOMMENDATIONS 

8.3.1   When tests are conducted on-site, test solutions can be renewed daily with freshly collected samples, except
for the green alga, Selenastrum capricornutum, test which is not renewed. 

8.3.2   When tests are conducted off-site, a minimum of three samples are collected.  If these samples are collected
on Test Days 1, 3, and 5, the first sample would be used for test initiation, and for test solution renewal on Day 2. 
The second sample would be used for test solution renewal on Days 3 and 4.  The third sample would be used for
test solution renewal on Days 5, 6, and 7. 

8.3.3   Sufficient sample volume must be collected to perform the required toxicity and chemical tests.  A 4-L (1-
gal) CUBITAINER® will provide sufficient sample volume for most tests.

8.3.4   THE FOLLOWING EFFLUENT SAMPLING METHODS ARE RECOMMENDED:

8.3.4.1   Continuous Discharges

8.3.4.1.1  If the facility discharge is continuous, a single 24-h composite sample is to be taken. 

8.3.4.2   Intermittent discharges 

8.3.4.2.1   If the facility discharge is intermittent, a composite sample is to be collected for the duration of the
discharge but not more than 24 hours.

8.4   RECEIVING WATER SAMPLING 

8.4.1   Logistical problems and difficulty in securing sampling equipment generally preclude the collection of
composite receiving water samples for toxicity tests.  Therefore, based on the requirements of the test, a single grab
sample or daily grab sample of receiving water is collected for use in the test.

8.4.2   The sampling point is determined by the objectives of the test.  In rivers, samples should be collected from
mid-stream and at mid-depth, if accessible.  In lakes the samples are collected at mid-depth.

8.4.3   To determine the extent of the zone of toxicity in the receiving water downstream from the outfall, receiving
water samples are collected at several distances downstream from the discharge.  The time required for the effluent-
receiving-water mixture to travel to sampling points downstream from the outfall, and the rate and degree of
mixing, may be difficult to ascertain.  Therefore, it may not be possible to correlate downstream toxicity with
effluent toxicity at the discharge point unless a dye study is performed.  The toxicity of receiving water samples
from five stations downstream from the discharge point can be evaluated using the same number of test vessels and
test organisms as used in one effluent toxicity test with five effluent dilutions. 
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8.5   EFFLUENT AND RECEIVING WATER SAMPLE HANDLING, PRESERVATION, AND SHIPPING

8.5.1   Unless the samples are used in an on-site toxicity test the day of collection (or hand delivered to the testing
laboratory for use on the day of collection), they should be chilled and maintained at 0-6°C until used to inhibit
microbial degradation, chemical transformations, and loss of highly volatile toxic substances.

8.5.2   Composite samples should be chilled as they are collected.  Grab samples should be chilled immediately
following collection.

8.5.3   If the effluent has been chlorinated, total residual chlorine must be measured immediately following sample
collection.

8.5.4   Sample holding time begins when the last grab sample in a series is taken (i.e., when a series of four grab
samples are taken over a 24-h period),  or when a 24-h composite sampling period is completed.  If the data from
the samples are to be acceptable for use in the NPDES Program, the lapsed time (holding time) from sample
collection to first use of each grab or composite sample must not exceed 36 h.  EPA believes that 36 h is adequate
time to deliver the samples to the laboratories performing the test in most cases.  In the isolated cases, where the
permittee can document that this delivery time cannot be met, the permitting authority can allow an option for on-
site testing or a variance for an extension of shipped sample holding time.  The request for a variance in sample
holding time, directed to the USEPA Regional Administrator under 40 CFR 136.3(e) should include supportive data
which show that the toxicity of the effluent sample is not reduced (e.g., because of volatilization and/or sorption of
toxics on the sample container surfaces) by extending the holding time beyond more than 36 h.  However, in no
case should more than 72 h elapse between collection and first use of the sample.  In static-renewal tests, each grab
or composite sample may also be used to prepare test solutions for renewal at 24 h, 48 h, and/or 72 h after first use,
if stored at 0-6°C, with minimum head space, as described in Subsection 8.5.  If shipping problems (e.g.,
unsuccessful Saturday delivery) are encountered with renewal samples after a test has been initiated, the permitting
authority may allow the continued use of the most recently used sample for test renewal.  Guidance for determining
the persistence of the sample is provided in Subsection 8.7.

8.5.5   To minimize the loss of toxicity due to volatilization of toxic constituents, all sample containers should be
"completely" filled, leaving no air space between the contents and the lid. 

8.5.6   SAMPLES USED IN ON-SITE TESTS 
 
8.5.6.1   Samples collected for on-site tests should be used within 24 h.

8.5.7   SAMPLES SHIPPED TO OFF-SITE FACILITIES 
 
8.5.7.1   Samples collected for off-site toxicity testing are to be chilled to 0-6°C during or immediately after
collection, and shipped iced to the performing  laboratory.  Sufficient ice should be placed with the sample in the
shipping container to ensure that ice will still be present when the sample arrives at the laboratory and is unpacked. 
Insulating material should not be placed between the ice and the sample in the shipping container unless required to
prevent breakage of glass sample containers.

8.5.7.2   Samples may be shipped in one or more 4-L (l-gal) CUBITAINERS® or new plastic "milk" jugs.  All
sample containers should be rinsed with source water before being filled with sample.  After use with receiving
water or effluents, CUBITAINERS® and plastic jugs are punctured to prevent reuse. 

8.5.7.3   Several sample shipping options are available, including Express Mail, air express, bus, and courier
service.  Express Mail is delivered seven days a week.  Saturday and Sunday shipping and receiving schedules of
private carriers vary with the carrier. 
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8.6   SAMPLE RECEIVING

8.6.1   Upon arrival at the laboratory, samples are logged in and the temperature is measured and recorded.  If the
samples are not immediately prepared for testing, they are stored at 0-6°C until used.

8.6.2   Every effort must be made to initiate the test with an effluent sample on the day of arrival in the laboratory,
and the sample holding time should not exceed 36 h unless a variance has been granted by the NPDES permitting
authority.

8.7   PERSISTENCE OF EFFLUENT TOXICITY DURING SAMPLE SHIPMENT AND HOLDING

8.7.1   The persistence of the toxicity of an effluent prior to its use in a toxicity test is of interest in assessing the
validity of toxicity test data, and in determining the possible effects of allowing an extension of the holding time. 
Where a variance in holding time (> 36 h, but # 72 h) is requested by a permittee, (see Subsection 8.5.4 above),
information on the effects of the extension in holding time on the toxicity of samples must be obtained by
comparing the results of multi-concentration chronic toxicity tests performed on effluent samples held 36 h with
toxicity test results using the same samples after they were held for the requested, longer period.  The portion of the
sample set aside for the second test should be held under the same conditions as during shipment and holding.

8.8   PREPARATION OF EFFLUENT AND RECEIVING WATER SAMPLES FOR TOXICITY TESTS

8.8.1   When aliquots are removed from the sample container, the head space above the remaining sample should be
held to a minimum.  Air which enters a container upon removal of sample should be expelled by compressing the
container before reclosing, if possible (i.e., where a CUBITAINER® is used), or by using an appropriate discharge
valve (spigot). 

8.8.2   With the daphnid, Ceriodaphnia dubia, and fathead minnow, Pimephales promelas, tests, effluents and
receiving waters should be filtered through a 60-µm plankton net to remove indigenous organisms that may attack
or be confused with the test organisms (see the daphnid, Ceriodaphnia dubia, test method for details).  Receiving
waters used in green alga, Selenastrum capricornutum, toxicity tests must be filtered through a 0.45-µm pore
diameter filter before use.  It may be necessary to first coarse-filter the dilution and/or waste water through a nylon
sieve having 2- to 4-mm mesh openings to remove debris and/or break up large floating or suspended solids. 
Because filtration may increase the dissolved oxygen (DO) in the effluent, the DO should be checked both before
and after filtering.  Low dissolved oxygen concentrations will indicate a potential problem in performing the test. 
Caution:  filtration may remove some toxicity.

8.8.3   If the samples must be warmed to bring them to the prescribed test temperature, supersaturation of the
dissolved oxygen and nitrogen may become a problem.  To avoid this problem, samples may be warmed slowly in
open test containers.  If DO is still above 100% saturation after warming to test temperature, samples should be
aerated moderately (approximately 500 mL/min) for a few minutes using an airstone.  If DO is below 4.0 mg/L after
warming to test temperature, the solutions must be aerated moderately (approximately 500 mL/min) for a few
minutes, using an airstone, until the DO is within the prescribed range ($4.0 mg/L).  Caution:  avoid excessive
aeration. 

8.8.4   The DO concentration in the samples should be near saturation prior to use.  Aeration may be used to bring
the DO and other gases into equilibrium with air, minimize oxygen demand, and stabilize the pH.  However,
aeration during collection, transfer, and preparation of samples should be minimized to reduce the loss of volatile
chemicals. 

8.8.4.1   Aeration during the test may alter the results and should be used only as a last resort to maintain the
required DO.  Aeration can reduce the apparent toxicity of the test solutions by stripping them of highly volatile
toxic substances, or increase their toxicity by altering pH.  However, the DO in the test solutions should not be
allowed to fall below 4.0 mg/L.



34

8.8.4.2   In static tests (renewal or non-renewal), low DOs may commonly occur in the higher concentrations of
wastewater.  Aeration is accomplished by bubbling air through a pipet at a rate of 100 bubbles/min.  If aeration is
necessary, all test solutions must be aerated.  It is advisable to monitor the DO closely during the first few hours of
the test.  Samples with a potential DO problem generally show a downward trend in DO within 4 to 8 h after the test
is started.  Unless aeration is initiated during the first 8 h of the test, the DO may be exhausted during an unattended
period, thereby invalidating the test.

8.8.5   At a minimum, pH, conductivity, and total residual chlorine are measured in the undiluted effluent or
receiving water, and pH and conductivity are measured in the dilution water.

8.8.5.1   It is recommended that total alkalinity and total hardness also be measured in the undiluted effluent test
water, receiving water, and the dilution water.

8.8.6   Total ammonia is measured in effluent and receiving water samples where toxicity may be contributed by un-
ionized ammonia (i.e., where total ammonia $ 5 mg/L).  The concentration (mg/L) of un-ionized (free) ammonia in
a sample is a function of temperature and pH, and is calculated using the percentage value obtained from Table 5,
under the appropriate pH and temperature, and multiplying it by the concentration (mg/L) of total ammonia in the
sample.

8.8.7   Effluents and receiving waters can be dechlorinated using 6.7 mg/L anhydrous sodium thiosulfate to reduce 1
mg/L chlorine (APHA, 1992).  Note that the amount of thiosulfate required to dechlorinate effluents is greater than
the amount needed to dechlorinate tap water (see Section 7, Dilution Water, Subsection 7.4.1).  Since thiosulfate
may contribute to sample toxicity, a thiosulfate control should be used in the test in addition to the normal dilution
water control.

8.8.8   Mortality or impairment of growth or reproduction due to pH alone may occur if the pH of the sample falls
outside the range of 6.0 - 9.0.  Thus, the presence of other forms of toxicity (metals and organics) in the sample may
be masked by the toxic effects of low or high pH.  The question about the presence of other toxicants can be
answered only by performing two parallel tests, one with an adjusted pH, and one without an adjusted pH. 
Freshwater samples are adjusted to pH 7.0 by adding 1N NaOH or 1N HCl dropwise, as required, being careful to
avoid overadjustment.
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TABLE 5. PERCENT UNIONIZED NH3 IN AQUEOUS AMMONIA SOLUTIONS:  TEMPERATURES 15-
26°C AND pH 6.0-8.91

pH TEMPERATURE (°C)

 
15 16 17 18 19 20 21 22 23 24 25 26

6.0 0.0274 0.0295 0.0318 0.0343 0.0369 0.0397 0.0427 0.0459 0.0493 0.0530 0.0568 0.0610
6.1 0.0345 0.0372 0.0400 0.0431 0.0464 0.0500 0.0537 0.0578 0.0621 0.0667 0.0716 0.0768
6.2 0.0434 0.0468 0.0504 0.0543 0.0584 0.0629 0.0676 0.0727 0.0781 0.0901 0.0901 0.0966
6.3 0.0546 0.0589 0.0634 0.0683 0.0736 0.0792 0.0851 0.0915 0.0983 0.1134 0.1134 0.1216
6.4 0.0687 0.0741 0.0799 0.0860 0.0926 0.0996 0.107 0.115 0.124 0.133 0.143 0.153
6.5 0.0865 0.0933 0.1005 0.1083 0.1166 0.1254 0.135 0.145 0.156 0.167 0.180 0.193
6.6 0.109 0.117 0.127 0.136 0.147 0.158 0.170 0.182 0.196 0.210 0.226 0.242
6.7 0.137 0.148 0.159 0.171 0.185 0.199 0.214 0.230 0.247 0.265 0.284 0.305
6.8 0.172 0.186 0.200 0.216 0.232 0.250 0.269 0.289 0.310 0.333 0.358 0.384
6.9 0.217 0.234 0.252 0.271 0.292 0.314 0.338 0.363 0.390 0.419 0.450 0.482
7.0 0.273 0.294 0.317 0.342 0.368 0.396 0.425 0.457 0.491 0.527 0.566 0.607
7.1 0.343 0.370 0.399 0.430 0.462 0.497 0.535 0.575 0.617 0.663 0.711 0.762
7.2 0.432 0.466 0.502 0.540 0.581 0.625 0.672 0.722 0.776 0.833 0.893 0.958
7.3 0.543 0.586 0.631 0.679 0.731 0.786 0.845 0.908 0.975 1.05 1.12 1.20
7.4 0.683 0.736 0.793 0.854 0.918 0.988 1.061 1.140 1.224 1.31 1.41 1.51
7.5 0.858 0.925 0.996 1.07 1.15 1.24 1.33 1.43 1.54 1.65 1.77 1.89
7.6 1.08 1.16 1.25 1.35 1.45 1.56 1.67 1.80 1.93 2.07 2.21 2.37
7.7 1.35 1.46 1.57 1.69 1.82 1.95 2.10 2.25 2.41 2.59 2.77 2.97
7.8 1.70 1.83 1.97 2.12 2.28 2.44 2.62 2.82 3.02 3.24 3.46 3.71
7.9 2.13 2.29 2.46 2.65 2.85 3.06 3.28 3.52 3.77 4.04 4.32 4.62
8.0 2.66 2.87 3.08 3.31 3.56 3.82 4.10 4.39 4.70 5.03 5.38 5.75
8.1 3.33 3.58 3.85 4.14 4.44 4.76 5.10 5.46 5.85 6.25 6.68 7.14
8.2 4.16 4.47 4.80 5.15 5.52 5.92 6.34 6.78 7.25 7.75 8.27 8.82
8.3 5.18 5.56 5.97 6.40 6.86 7.34 7.85 8.39 8.96 9.56 10.2 10.9
8.4 6.43 6.90 7.40 7.93 8.48 9.07 9.69 10.3 11.0 11.7 12.5 13.3
8.5 7.97 8.54 9.14 9.78 10.45 11.16 11.90 12.7 13.5 14.4 15.2 16.2
8.6 9.83 10.5 11.2 12.0 12.8 13.6 14.5 15.5 16.4 17.4 18.5 19.5
8.7 12.07 12.9 13.8 14.7 15.6 16.6 17.6 18.7 19.8 21.0 22.2 23.4
8.8 14.7 15.7 16.7 17.8 18.9 20.0 21.2 22.5 23.7 25.1 26.4 27.8
8.9 17.9 19.0 20.2 21.4 22.7 24.0 25.3 26.7 28.2 29.6 31.1 32.6

1 Table provided by Teresa Norberg-King, ERL, Duluth, Minnesota.  Also see Emerson et al. (1975), Thurston et
al. (1974), and USEPA (1985a).

8.9   PRELIMINARY TOXICITY RANGE-FINDING TESTS

8.9.1   USEPA Regional and State personnel generally have observed that it is not necessary to conduct a toxicity
range-finding test prior to initiating a static, chronic, definitive toxicity test.  However, when preparing to perform a
static test with a sample of completely unknown quality, or before initiating a flow-through test, it is advisable to
conduct a preliminary toxicity range-finding test.

8.9.2   A toxicity range-finding test ordinarily consists of a down-scaled, abbreviated static acute test in which
groups of five organisms are exposed to several widely-spaced sample dilutions in a logarithmic series, such as
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100%, 10.0%, 1.00%, and 0.100%, and a control, for 8-24 h.  Caution:  if the sample must also be used for the full-
scale definitive test, the 36-h limit on holding time (see Subsection 8.5.4) must not be exceeded before the definitive
test is initiated.

8.9.3   It should be noted that the toxicity (LC50) of a sample observed in a range-finding test may be significantly
different from the toxicity observed in the follow-up chronic definitive test because:  (1) the definitive test is longer;
and (2) the test may be performed with a sample collected at a different time, and possibly differing significantly in
the level of toxicity.

8.10   MULTI-CONCENTRATION (DEFINITIVE) EFFLUENT TOXICITY TESTS 

8.10.1   The tests recommended for use in determining discharge permit compliance in the NPDES program are
multi-concentration, or definitive, tests which provide (1) a point estimate of effluent toxicity in terms of an IC25,
IC50, or LC50, or (2) a no-observed-effect-concentration (NOEC) defined in terms of mortality, growth,
reproduction, and/or teratogenicity and obtained by hypothesis testing.  The tests may be static renewal or static
non-renewal.

8.10.2   The tests consist of a control and a minimum of five effluent concentrations.  USEPA recommends the use
of a $0.5 dilution factor for selecting effluent test concentrations.  Effluent test concentrations of 6.25%, 12.5%,
25%, 50%, and 100% are commonly used, however, test concentrations should be selected independently for each
test based on the objective of the study, the expected range of toxicity, the receiving water concentration, and any
available historical testing information on the effluent.  USEPA (2000a) provides additional guidance on choosing
appropriate test concentrations.

8.10.3   When these tests are used in determining compliance with permit limits, effluent test concentrations should
be selected to bracket the receiving water concentration.  This may be achieved by selecting effluent test
concentrations in the following manner:  (1) 100% effluent, (2) [RWC + 100]/2, (3) RWC, (4) RWC/2, and (5)
RWC/4.  For example, where the RWC = 50%, appropriate effluent concentrations may be 100%, 75%, 50%, 25%,
and 12.5%. 

8.10.4   If acute/chronic ratios are to be determined by simultaneous acute and short-term chronic tests with a single
species, using the same sample, both types of tests must use the same test conditions, i.e., pH, temperature, water
hardness, salinity, etc.

8.11   RECEIVING WATER TESTS

8.11.1   Receiving water toxicity tests generally consist of 100% receiving water and a control.  The total hardness
of the control should be comparable to the receiving water.

8.11.2   The data from the two treatments are analyzed by hypothesis testing to determine if test organism survival
in the receiving water differs significantly from the control.  Four replicates and 10 organisms per replicate are
required for each treatment (see Summary of Test Conditions and Test Acceptability Criteria in the specific test
method).

8.11.3   In cases where the objective of the test is to estimate the degree of toxicity of the receiving water, a multi-
concentration test is performed by preparing dilutions of the receiving water, using a $ 0.5 dilution series, with a
suitable control water.
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SECTION 9

CHRONIC TOXICITY TEST ENDPOINTS AND DATA ANALYSIS 

9.1   ENDPOINTS 
 
9.1.1   The objective of chronic aquatic toxicity tests with effluents and pure compounds is to estimate the highest
"safe" or "no-effect concentration" of these substances.  For practical reasons, the responses observed in these tests
are usually limited to hatchability, gross morphological abnormalities, survival, growth, and reproduction, and the
results of the tests are usually expressed in terms of the highest toxicant concentration that has no statistically
significant observed effect on these responses, when compared to the controls.  The terms currently used to define
the endpoints employed in the rapid, chronic and sub-chronic toxicity tests have been derived from the terms
previously used for full life-cycle tests.  As shorter chronic tests were developed, it became common practice to
apply the same terminology to the endpoints.  The terms used in this manual are as follows:

9.1.1.1   Safe Concentration - The highest concentration of toxicant that will permit normal propagation of fish and
other aquatic life in receiving waters.  The concept of a "safe concentration" is a biological concept, whereas the
"no-observed-effect concentration" (below) is a statistically defined concentration.

9.1.1.2   No-Observed-Effect-Concentration (NOEC) - The highest concentration of toxicant to which organisms
are exposed in a full life-cycle or partial life-cycle (short-term) test, that causes no observable adverse effects on the
test organisms (i.e., the highest concentration of toxicant in which the values for the observed responses are not
statistically significantly different from the controls).  This value is used, along with other factors, to determine
toxicity limits in permits.

9.1.1.3   Lowest-Observed-Effect-Concentration (LOEC) - The lowest concentration of toxicant to which organisms
are exposed in a life-cycle or partial life-cycle (short-term) test, which causes adverse effects on the test organisms
(i.e., where the values for the observed responses are statistically significantly different from the controls).

9.1.1.4   Effective Concentration (EC) - A point estimate of the toxicant concentration that would cause an
observable adverse affect on a quantal, "all or nothing," response (such as death, immobilization, or serious
incapacitation) in a given percent of the organisms, calculated by point estimation techniques.  If the observable
effect is death or immobility, the term, Lethal Concentration (LC), should be used (see Subsection 9.1.1.5).  A
certain EC or LC value might be judged from a biological standpoint to represent a threshold concentration, or
lowest concentration that would cause an adverse effect on the observed response.

9.1.1.5   Lethal Concentration (LC) - The toxicant concentration that would cause death in a given percent of the
test population.  Identical to EC when the observed adverse effect is death.  For example, the LC50 is the
concentration of toxicant that would cause death in 50% of the test population.

9.1.1.6   Inhibition Concentration (IC) - The toxicant concentration that would cause a given percent reduction in a
non-quantal biological measurement for the test population.  For example, the IC25 is the concentration of toxicant
that would cause a 25% reduction in mean young per female or in growth for the test population, and the IC50 is the
concentration of toxicant that would cause a 50% reduction.

9.2    RELATIONSHIP BETWEEN ENDPOINTS DETERMINED BY HYPOTHESIS TESTING AND
POINT ESTIMATION TECHNIQUES

9.2.1   If the objective of chronic aquatic toxicity tests with effluents and pure compounds is to estimate the highest
"safe or no-effect concentration" of these substances, it is imperative to understand how the statistical endpoints of
these tests are related to the "safe" or "no-effect" concentration.  NOECs and LOECs are determined by hypothesis
testing (Dunnett's Test, a t test with the Bonferroni adjustment, Steel's Many-one Rank Test, or the Wilcoxon Rank
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Sum Test with the Bonferroni adjustment), whereas LCs, ICs, and ECs are determined by point estimation
techniques (Probit Analysis, Spearman-Karber Method, Trimmed Spearman-Karber Method, Graphical Method or
Linear Interpolation Method).  There are inherent differences between the use of a NOEC or LOEC derived from
hypothesis testing to estimate a "safe" concentration, and the use of a LC, EC, IC, or other point estimates derived
from curve fitting, interpolation, etc.

9.2.2   Most point estimates, such as the LC, IC, or EC, are derived from a mathematical model that assumes a
continuous dose-response relationship.  By definition, any LC, IC, or EC value is an estimate of some amount of
adverse effect.  Thus the assessment of a "safe" concentration must be made from a biological standpoint rather than
with a statistical test.  In this instance, the biologist must determine some amount of adverse effect that is deemed to
be "safe", in the sense that from a practical biological viewpoint it will not affect the normal propagation of fish and
other aquatic life in receiving waters.

9.2.3   The use of NOECs and LOECs, on the other hand, assumes either (1) a continuous dose-response
relationship, or (2) a non-continuous (threshold) model of the dose-response relationship.

9.2.3.1   In the case of a continuous dose-response relationship, it is also assumed that adverse effects that are not
"statistically observable" are also not important from a biological standpoint, since they are not pronounced enough
to test as statistically significant against some measure of the natural variability of the responses.

9.2.3.2   In the case of non-continuous dose-response relationships, it is assumed that there exists a true threshold, or
concentration below which there is no adverse effect on aquatic life, and above which there is an adverse effect. 
The purpose of the statistical analysis in this case is to estimate as closely as possible where that threshold lies.

9.2.3.3   In either case, it is important to realize that the amount of adverse effect that is statistically observable
(LOEC) or not observable (NOEC) is highly dependent on all aspects of the experimental design, such as the
number of concentrations of toxicant, number of replicates per concentration, number of organisms per replicate,
and use of randomization.  Other factors that affect the sensitivity of the test include the choice of statistical
analysis, the choice of an alpha level, and the amount of variability between responses at a given concentration.

9.2.3.4   Where the assumption of a continuous dose-response relationship is made, by definition some amount of
adverse effect might be present at the NOEC, but is not great enough to be detected by hypothesis testing. 

9.2.3.5   Where the assumption of a non-continuous dose-response relationship is made, the NOEC would indeed be
an estimate of a "safe" or "no-effect" concentration if the amount of adverse effect that appears at the threshold is
great enough to test as statistically significantly different from the controls in the face of all aspects of the
experimental design mentioned above.  If, however, the amount of adverse effect at the threshold were not great
enough to test as statistically different, some amount of adverse effect might be present at the NOEC.  In any case,
the estimate of the NOEC with hypothesis testing is always dependent on the aspects of the experimental design
mentioned above.  For this reason, the reporting and examination of some measure of the sensitivity of the test
(either the minimum significant difference or the percent change from the control that this minimum difference
represents) is extremely important.

9.2.4   In summary, the assessment of a "safe" or "no-effect" concentration cannot be made from the results of
statistical analysis alone, unless (1) the assumptions of a strict threshold model are accepted, and (2) it is assumed
that the amount of adverse effect present at the threshold is statistically detectable by hypothesis testing.  In this
case, estimates obtained from a statistical analysis are indeed estimates of a "no-effect" concentration.  If the
assumptions are not deemed tenable, then estimates from a statistical analysis can only be used in conjunction with
an assessment from a biological standpoint of what magnitude of adverse effect constitutes a "safe" concentration. 
In this instance, a "safe" concentration is not necessarily a truly "no-effect" concentration, but rather a concentration
at which the effects are judged to be of no biological significance.



39

9.2.5   A better understanding of the relationship between endpoints derived by hypothesis testing (NOECs) and
point estimation techniques (LCs, ICs, and ECs) would be very helpful in choosing methods of data analysis. 
Norberg-King (1991) reported that the IC25s were comparable to the NOECs for 23 effluent and reference toxicant
data sets analyzed.  The data sets included short-term chronic toxicity tests for the fathead minnow, Pimephales
promelas, and the daphnid, Ceriodaphnia dubia.  Birge et al. (1985) reported that LC1s derived from Probit
Analysis of data from short-term embryo-larval tests with reference toxicants were comparable to NOECs for
several organisms.  Similarly, USEPA (1988d) reported that the IC25s were comparable to the NOECs for a set of
daphnid, Ceriodaphnia dubia, chronic tests with a single reference toxicant.  However, the scope of these
comparisons was very limited, and sufficient information is not yet available to establish an overall relationship
between these two types of endpoints, especially when derived from effluent toxicity test data.

9.3   PRECISION

9.3.1   HYPOTHESIS TESTS

9.3.1.1   When hypothesis tests are used to analyze toxicity test data, it is not possible to express precision in terms
of a commonly used statistic.  The results of the test are given in terms of two endpoints, the No-Observed- Effect
Concentration (NOEC) and the Lowest-Observed-Effect Concentration (LOEC).  The NOEC and LOEC are limited
to the concentrations selected for the test.  The width of the NOEC-LOEC interval is a function of the dilution
series, and differs greatly depending on whether a dilution factor of 0.3 or 0.5 is used in the test design.  Therefore,
USEPA recommends the use of the $ 0.5 dilution factor (see Section 4, Quality Assurance).  It is not possible to
place confidence limits on the NOEC and LOEC derived from a given test, and it is difficult to quantify the
precision of the NOEC-LOEC endpoints between tests.  If the data from a series of tests performed with the same
toxicant, toxicant concentrations, and test species, were analyzed with hypothesis tests, precision could only be
assessed by a qualitative comparison of the NOEC-LOEC intervals, with the understanding that maximum precision
would be attained if all tests yielded the same NOEC-LOEC interval.  In practice, the precision of results of
repetitive chronic tests is considered acceptable if the NOECs vary by no more than one concentration interval
above or below a central tendency.  Using these guidelines, the "normal" range of NOECs from toxicity tests using
a 0.5 dilution factor (two-fold difference between adjacent concentrations), would be four-fold.

9.3.2   POINT ESTIMATION TECHNIQUES

9.3.2.1   Point estimation techniques have the advantage of providing a point estimate of the toxicant concentration
causing a given amount of adverse (inhibiting) effect, the precision of which can be quantitatively assessed
(1) within tests by calculation of 95% confidence limits, and (2) across tests by calculating a standard deviation and
coefficient of variation.

9.3.2.2   It should be noted that software used to calculate point estimates occasionally may not provide associated
95% confidence intervals.  This situation may arise when test data do not meet specific assumptions required by the
statistical methods, when point estimates are outside of the test concentration range, and when specific limitations
imposed by the software are encountered.  USEPA (2000a) provides guidance on confidence intervals under these
circumstances.

9.4   DATA ANALYSIS

9.4.1   ROLE OF THE STATISTICIAN

9.4.1.1   The use of the statistical methods described in this manual for routine data analysis does not require the
assistance of a statistician.  However, the interpretation of the results of the analysis of the data from any of the
toxicity tests described in this manual can become problematic because of the inherent variability and sometimes
unavoidable anomalies in biological data.  If the data appear unusual in any way, or fail to meet the necessary
assumptions, a statistician should be consulted.  Analysts who are not proficient in statistics are strongly advised to
seek the assistance of a statistician before selecting the method of analysis and using any of the results. 
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9.4.1.2   The statistical methods recommended in this manual are not the only possible methods of statistical
analysis.  Many other methods have been proposed and considered.  Certainly there are other reasonable and
defensible methods of statistical analysis for this kind of toxicity data.  Among alternative hypothesis tests some,
like Williams' Test, require additional assumptions, while others, like the bootstrap methods, require computer-
intensive computations.  Alternative point estimation approaches most probably would require the services of a
statistician to determine the appropriateness of the model (goodness of fit), higher order linear or nonlinear models,
confidence intervals for estimates generated by inverse regression, etc.  In addition, point estimation or regression
approaches would require the specification by biologists or toxicologists of some low level of adverse effect that
would be deemed acceptable or safe.  The statistical methods contained in this manual have been chosen because
they are (1) applicable to most of the different toxicity test data sets for which they are recommended, (2) powerful
statistical tests, (3) hopefully "easily" understood by nonstatisticians, and (4) amenable to use without a computer, if
necessary.

9.4.2   PLOTTING THE DATA

9.4.2.1   The data should be plotted, both as a preliminary step to help detect problems and unsuspected trends or
patterns in the responses, and as an aid in interpretation of the results.  Further discussion and plotted sets of data
are included in the methods and the Appendices.

9.4.3   DATA TRANSFORMATIONS

9.4.3.1   Transformations of the data, (e.g., arc sine square root and logs), are used where necessary to meet
assumptions of the proposed analyses, such as the requirement for normally distributed data.

9.4.4   INDEPENDENCE, RANDOMIZATION, AND OUTLIERS

9.4.4.1   Statistical independence among observations is a critical assumption in all statistical analysis of toxicity
data.  One of the best ways to insure independence is to properly follow rigorous randomization procedures.  
Randomization techniques should be employed at the start of the test, including the randomization of the placement
of test organisms in the test chambers and randomization of the test chamber location within the array of chambers. 
Discussions of statistical independence, outliers and randomization, and a sample randomization scheme, are
included in Appendix A.

9.4.5   REPLICATION AND SENSITIVITY

9.4.5.1   The number of replicates employed for each toxicant concentration is an important factor in determining
the sensitivity of chronic toxicity tests.  Test sensitivity generally increases as the number of replicates is increased,
but the point of diminishing returns in sensitivity may be reached rather quickly.  The level of sensitivity required
by a hypothesis test or the confidence interval for a point estimate will determine the number of replicates, and
should be based on the objectives for obtaining the toxicity data.

9.4.5.2   In a statistical analysis of toxicity data, the choice of a particular analysis and the ability to detect
departures from the assumptions of the analysis, such as the normal distribution of the data and homogeneity of
variance, is also dependent on the number of replicates.  More than the minimum number of replicates may be
required in situations where it is imperative to obtain optimal statistical results, such as with tests used in
enforcement cases or when it is not possible to repeat the tests.  For example, when the data are analyzed by
hypothesis testing, the nonparametric alternatives cannot be used unless there are at least four replicates at each
toxicant concentration.

9.4.6   RECOMMENDED ALPHA LEVELS

9.4.6.1   The data analysis examples included in the manual specify an alpha level of 0.01 for testing the
assumptions of hypothesis tests and an alpha level of 0.05 for the hypothesis tests themselves.  These levels are
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common and well accepted levels for this type of analysis and are presented as a recommended minimum
significance level for toxicity test data analysis.

9.5   CHOICE OF ANALYSIS

9.5.1   The recommended statistical analysis of most data from chronic toxicity tests with aquatic organisms follows
a decision process illustrated in the flowchart in Figure 2.  An initial decision is made to use point estimation
techniques (the Probit Analysis, the Spearman-Karber Method, the Trimmed Spearman-Karber Method, the
Graphical Method, or Linear Interpolation Method) and/or to use hypothesis testing (Dunnett's Test, the t test with
the Bonferroni adjustment, Steel's Many-one Rank Test, or the Wilcoxon Rank Sum Test with the Bonferroni
adjustment).  NOTE: For the NPDES Permit Program, the point estimation techniques are the preferred
statistical methods in calculating end points for effluent toxicity tests.  If hypothesis testing is chosen,
subsequent decisions are made on the appropriate procedure for a given set of data, depending on the results of the
tests of assumptions, as illustrated in the flowchart.  A specific flow chart is included in the analysis section for each
test.

9.5.2   Since a single chronic toxicity test might yield information on more than one parameter (such as survival,
growth, and reproduction), the lowest estimate of a "no-observed-effect concentration" for any of the responses
would be used as the "no-observed-effect concentration" for each test.  It follows logically that in the statistical
analysis of the data, concentrations that had a significant toxic effect on one of the observed responses would not be
subsequently tested for an effect on some other response.  This is one reason for excluding concentrations that have
shown a statistically significant reduction in survival from a subsequent hypothesis test for effects on another
parameter such as reproduction.  A second reason is that the exclusion of such concentrations usually results in a
more powerful and appropriate statistical analysis.  In performing the point estimation techniques recommended in
this manual, an all-data approach is used.  For example, data from concentrations above the NOEC for survival are
included in determining ICp estimates using the Linear Interpolation Method.

9.5.3   ANALYSIS OF GROWTH AND REPRODUCTION DATA

9.5.3.1   Growth data from the fathead minnow, Pimephales promelas, larval survival and growth test are analyzed
using hypothesis testing or point estimation techniques according to the flowchart in Figure 2.  The above
mentioned growth data may also be analyzed by generating a point estimate with the Linear Interpolation Method. 
Data from effluent concentrations that have tested significantly different from the control for survival are excluded
from further hypothesis tests concerning growth effects.  Growth is defined as the dry weight per original number of
test organisms when group weights are obtained.  When analyzing the data using point estimation techniques, data
from all concentrations are included in the analysis.  

9.5.3.2   Reproduction data from the daphnid, Ceriodaphnia dubia, survival and reproduction test are analyzed
using hypothesis testing or point estimation techniques according to the flowchart in Figure 2.  In hypothesis testing,
data from effluent concentrations that have significantly lower survival than the control, as determined by Fisher's
Exact test, are not included in the hypothesis tests for reproductive effects.  Data from all concentrations are
included when using point estimation techniques.

9.5.4   ANALYSIS OF ALGAL GROWTH RESPONSE DATA

9.5.4.1   The growth response data from the green alga, Selenastrum capricornutum, toxicity test, after an
appropriate transformation, if necessary, to meet the assumptions of normality and homogeneity of variance, may be
analyzed by hypothesis testing according to the flowchart in Figure 2.  Point estimates, such as the IC25 and IC50,
would also be appropriate in analyzing algal growth data.
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9.5.5   ANALYSIS OF MORTALITY DATA

9.5.5.1   Mortality data are analyzed by Probit Analysis, if appropriate, or other point estimation techniques (i.e., the
Spearman-Karber Method, the Trimmed Spearman-Karber Method, or the Graphical Method) (see Appendices I-L
and the discussion below).  The mortality data can also be analyzed by hypothesis testing, after an arc sine square
root transformation (see Appendix B-F), according to the flowchart in Figure 2.

9.5.5.2   Mortality data from the daphnid, Ceriodaphnia dubia, survival and reproduction test are analyzed by
Fisher's Exact Test (Appendix G) prior to the analysis of the reproduction data.  The mortality data may also be
analyzed by Probit Analysis, if appropriate or other methods (see Subsection 9.5.5.1).
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Figure 2.  Flowchart for statistical analysis of test data
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9.6   HYPOTHESIS TESTS

9.6.1   DUNNETT'S PROCEDURE

9.6.1.1   Dunnett's Procedure is used to determine the NOEC.  The procedure consists of an analysis of variance
(ANOVA) to determine the error term, which is then used in a multiple comparison procedure for comparing each
of the treatment means with the control mean, in a series of paired tests (see Appendix C).  Use of Dunnett's
Procedure requires at least three replicates per treatment to check the assumptions of the test.  In cases where the
numbers of data points (replicates) for each concentration are not equal, a t test may be performed with Bonferroni's
adjustment for multiple comparisons (see Appendix D), instead of using Dunnett's Procedure.

9.6.1.2   The assumptions upon which the use of Dunnett's Procedure is contingent are that the observations within
treatments are normally distributed, with homogeneity of variance.  Before analyzing the data, these assumptions
must be tested using the procedures provided in Appendix B.

9.6.1.3   If, after suitable transformations have been carried out, the normality assumptions have not been met,
Steel's Many-one Rank Test should be used if there are four or more data points (replicates) per toxicant
concentration.  If the numbers of data points for each toxicant concentration are not equal, the Wilcoxon Rank Sum
Test with Bonferroni's adjustment should be used (see Appendix F).

9.6.1.4   Some indication of the sensitivity of the analysis should be provided by calculating (1) the minimum
difference between means that can be detected as statistically significant, and (2) the percent change from the
control mean that this minimum difference represents for a given test.

9.6.1.5   A step-by-step example of the use of Dunnett's Procedure is provided in Appendix C.

9.6.2   T TEST WITH THE BONFERRONI ADJUSTMENT

9.6.2.1   A t test with Bonferroni's adjustment is used as an alternative to Dunnett's Procedure when the number of
replicates is not the same for all concentrations.  This test sets an upper bound of alpha on the overall error rate, in
contrast to Dunnett's Procedure, for which the overall error rate is fixed at alpha.  Thus Dunnett's Procedure is a
more powerful test.

9.6.2.2   The assumptions upon which the use of the t test with Bonferroni's adjustment is contingent are that the
observations within treatments are normally distributed, with homogeneity of variance.  These assumptions must be
tested using the procedures provided in Appendix B.

9.6.2.3   The estimate of the safe concentration derived from this test is reported in terms of the NOEC.  A
step-by-step example of the use of the t test with Bonferroni's adjustment is provided in Appendix D.

9.6.3   STEEL'S MANY-ONE RANK TEST

9.6.3.1   Steel's Many-one Rank Test is a multiple comparison procedure for comparing several treatments with a
control.  This method is similar to Dunnett's Procedure, except that it is not necessary to meet the assumption of
normality.  The data are ranked, and the analysis is performed on the ranks rather than on the data themselves.  If
the data are normally or nearly normally distributed, Dunnett's Procedure would be more sensitive (would detect
smaller differences between the treatments and control).  For data that are not normally distributed, Steel's
Many-one Rank Test can be much more efficient (Hodges and Lehmann, 1956).

9.6.3.2   It is necessary to have at least four replicates per toxicant concentration to use Steel's test.  Unlike Dunnett's
procedure, the sensitivity of this test cannot be stated in terms of the minimum difference between treatment means
and the control mean that can be detected as statistically significant.
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9.6.3.3   The estimate of the safe concentration is reported as the NOEC.  A step-by-step example of the use of
Steel's Many-one Rank Test is provided in Appendix E.

9.6.4   WILCOXON RANK SUM TEST WITH THE BONFERRONI ADJUSTMENT

9.6.4.1   The Wilcoxon Rank Sum Test with the Bonferroni Adjustment is a nonparametric test for comparing
treatments with a control.  The data are ranked and the analysis proceeds exactly as in Steel's Test except that
Bonferroni's adjustment for multiple comparisons is used instead of Steel's tables.  When Steel's test can be used
(i.e., when there are equal numbers of data points per toxicant concentration), it will be more powerful (able to
detect smaller differences as statistically significant) than the Wilcoxon Rank Sum Test with Bonferroni's
adjustment.

9.6.4.2   The estimate of the safe concentration is reported as the NOEC.  A step-by-step example of the use of the
Wilcoxon Rank Sum Test with Bonferroni Adjustment is provided in Appendix F.

9.6.5   A CAUTION IN THE USE OF HYPOTHESIS TESTING

9.6.5.1   If in the calculation of an NOEC by hypothesis testing, two tested concentrations cause statistically
significant adverse effects, but an intermediate concentration did not cause statistically significant effects, the results
should be used with extreme caution.

9.7   POINT ESTIMATION TECHNIQUES

9.7.1   PROBIT ANALYSIS

9.7.1.1   Probit Analysis is used to estimate the LC1, LC50, EC1, or EC50 and the associated 95% confidence
interval.  The analysis consists of adjusting the data for mortality in the control, and then using a maximum
likelihood technique to estimate the parameters of the underlying log tolerance distribution, which is assumed to
have a particular shape.

9.7.1.2   The assumption upon which the use of Probit Analysis is contingent is a normal distribution of log
tolerances.  If the normality assumption is not met, and at least two partial mortalities are not obtained, Probit
Analysis should not be used.  It is important to check the results of Probit Analysis to determine if use of the
analysis is appropriate.  The chi-square test for heterogeneity provides one good test of appropriateness of the
analysis.  The computer program (see Appendix I) checks the chi-square statistic calculated for the data set against
the tabular value, and provides an error message if the calculated value exceeds the tabular value.

9.7.1.3   A discussion of Probit Analysis, and examples of computer program input and output, are found in
Appendix I.  

9.7.1.4   In cases where Probit Analysis is not appropriate, the LC50 and associated confidence interval may be
estimated by the Spearman-Karber Method (Appendix J) or the Trimmed Spearman-Karber Method (Appendix K). 
If the test results in 100% survival and 100% mortality in adjacent treatments (all or nothing effect), the LC50 may
be estimated using the Graphical Method (Appendix L).

9.7.2   LINEAR INTERPOLATION METHOD

9.7.2.1   The Linear Interpolation Method (see Appendix M) is a procedure to calculate a point estimate of the
effluent or other toxicant concentration [Inhibition Concentration, (IC)] that causes a given percent reduction (e.g.,
25%, 50%, etc.) in the reproduction or growth of the test organisms.  The procedure was designed for general
applicability in the analysis of data from short-term chronic toxicity tests.
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9.7.2.2   Use of the Linear Interpolation Method is based on the assumptions that the responses (1) are
monotonically non-increasing (the mean response for each higher concentration is less than or equal to the mean
response for the previous concentration), (2) follow a piecewise linear response function, and (3) are from a
random, independent, and representative sample of test data.  The assumption for piecewise linear response cannot
be tested statistically, and no defined statistical procedure is provided to test the assumption for monotonicity. 
Where the observed means are not strictly monotonic by examination, they are adjusted by smoothing.  In cases
where the responses at the low toxicant concentrations are much higher than in the controls, the smoothing process
may result in a large upward adjustment in the control mean.

9.7.2.3   The inability to test the monotonicity and piecewise linear response assumptions for this method makes it
difficult to assess when the method is, or is not, producing reliable results.  Therefore, the method should be used
with caution when the results of a toxicity test approach an "all or nothing" response from one concentration to the
next in the concentration series, and when it appears that there is a large deviation from monotonicity.  See
Appendix M for a more detailed discussion of the use of this method and a computer program available for
performing calculations.
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SECTION 10

REPORT PREPARATION AND TEST REVIEW

10.1   REPORT PREPARATION

The following general format and content are recommended for the report: 

10.1.1   INTRODUCTION 

 1. Permit number
 2. Toxicity testing requirements of permit
 3. Plant location
 4. Name of receiving water body
 5. Contract Laboratory (if the tests are performed under contract)

a        Name of firm
b.       Phone number
c.       Address

6.  Objective of test

10.1.2   PLANT OPERATIONS

 1. Product(s)
 2. Raw materials
 3. Operating schedule
 4. Description of waste treatment
 5. Schematic of waste treatment
 6. Retention time (if applicable)
 7. Volume of waste flow (MGD, CFS, GPM)
 8. Design flow of treatment facility at time of sampling

10.1.3   SOURCE OF EFFLUENT, RECEIVING WATER, AND DILUTION WATER

 1. Effluent Samples 
a.     Sampling point (including latitude and longitude)
b.     Collection dates and times 
c.      Sample collection method
d.     Physical and chemical data 
e.     Mean daily discharge on sample collection date
f.      Lapsed time from sample collection to delivery
g.     Sample temperature when received at the laboratory

 2. Receiving Water Samples
a.     Sampling point (including latitude and longitude)
b.     Collection dates and times
c.      Sample collection method
d.     Physical and chemical data
e.     Streamflow  (at time of sampling)
f.      Sample temperature when received at the laboratory
g      Lapsed time from sample collection to delivery

 3. Dilution Water Samples 
a.     Source
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b.     Collection date(s) and time(s)
c.     Pretreatment
d.     Physical and chemical characteristics 

10.1.4   TEST METHODS 

 1. Toxicity test method used (title, number, source)
 2. Endpoint(s) of test
 3. Deviation(s) from reference method, if any, and the reason(s) 
 4. Date and time test started 
 5. Date and time test terminated 
 6. Type and volume of test chambers 
 7. Volume of solution used per chamber 
 8. Number of organisms per test chamber 
 9. Number of replicate test chambers per treatment 
10. Acclimation of test organisms (temperature mean and range) 
11. Test temperature (mean and range)
12. Specify if aeration was needed
13. Feeding frequency, and amount and type of food
14. Specify if (and how) pH control measures were implemented

  
10.1.5   TEST ORGANISMS 
 

 1. Scientific name and how determined
 2. Age 
 3. Life stage 
 4. Mean length and weight (where applicable) 
 5. Source 
 6. Diseases and treatment (where applicable) 
 7. Taxonomic key used for species identification 

10.1.6   QUALITY ASSURANCE

 1. Reference toxicant used routinely; source
 2. Date and time of most recent reference toxicant test, test results, and current control chart
 3. Dilution water used in reference toxicant test 
 4. Results (NOEC or, where applicable, LOEC, LC50, EC50, IC25 and/or IC50); report percent minimum

significant difference (PMSD) calculated for sublethal endpoints determined by hypothesis testing in
reference toxicant test

 5. Physical and chemical methods used 

10.1.7   RESULTS 
 

 1. Provide raw toxicity data in tabular form, including daily records of affected organisms in each
concentration (including controls) and replicate, and in graphical form (plots of toxicity data)

 2. Provide table of LC50s, NOECs, IC25, IC50, etc. (as required in the applicable NPDES permit)
 3. Indicate statistical methods used to calculate endpoints
 4. Provide summary table of physical and chemical data
 5. Tabulate QA data
 6. Provide percent minimum significant difference (PMSD) calculated for sublethal endpoints
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10.1.8   CONCLUSIONS AND RECOMMENDATIONS

 1. Relationship between test endpoints and permit limits
 2. Actions to be taken

10.2  TEST REVIEW

10.2.1  Test review is an important part of an overall quality assurance program (Section 4) and is necessary for
ensuring that all test results are reported accurately.  Test review should be conducted on each test by both the
testing laboratory and the regulatory authority. 

10.2.2  SAMPLING AND HANDLING 

10.2.2.1  The collection and handling of samples are reviewed to verify that the sampling and handling procedures
given in Section 8 were followed.  Chain-of-custody forms are reviewed to verify that samples were tested within
allowable sample holding times (Subsection 8.5.4).  Any deviations from the procedures given in Section 8 should
be documented and described in the data report (Subsection 10.1). 

10.2.3  TEST ACCEPTABILITY CRITERIA

10.2.3.1  Test data are reviewed to verify that test acceptability criteria (TAC) requirements for a valid test have
been met.   Any test not meeting the minimum test acceptability criteria is considered invalid.  All invalid tests must
be repeated with a newly collected sample. 

10.2.4  TEST CONDITIONS

10.2.4.1  Test conditions are reviewed and compared to the specifications listed in the summary of test condition
tables provided for each method.  Physical and chemical measurements taken during the test (e.g., temperature, pH,
and DO) also are reviewed and compared to specified ranges.  Any deviations from specifications should be
documented and described in the data report (Subsection 10.1).

10.2.4.2  The summary of test condition tables presented for each method identify test conditions as required or
recommended.  For WET test data submitted under NPDES permits, all required test conditions must be met or the
test is considered invalid and must be repeated with a newly collected sample.   Deviations from recommended test
conditions must be evaluated on a case-by-case basis to determine the validity of test results.   Deviations from
recommended test conditions may or may not invalidate a test result depending on the degree of the departure and
the objective of the test.  The reviewer should consider the degree of the deviation and the potential or observed
impact of the deviation on the test result before rejecting or accepting a test result as valid.  For example, if
dissolved oxygen is measured below 4.0 mg/L in one test chamber, the reviewer should consider whether any
observed mortality in that test chamber corresponded with the drop in dissolved oxygen.

10.2.4.3  Whereas slight deviations in test conditions may not invalidate an individual test result, test condition
deviations that continue to occur frequently in a given laboratory may indicate the need for improved quality control
in that laboratory.  

10.2.5  STATISTICAL METHODS

10.2.5.1  The statistical methods used for analyzing test data are reviewed to verify that the recommended
flowcharts for statistical analysis were followed.  Any deviation from the recommended flowcharts for selection of
statistical methods should be noted in the data report. Statistical methods other than those recommended in the
statistical flowcharts may be appropriate (see Subsection 9.4.1.2), however, the laboratory must document the use of
and provide the rationale for the use of any alternate statistical method.  In all cases (flowchart recommended
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methods or alternate methods), reviewers should verify that the necessary assumptions are met for the statistical
method used. 

10.2.6  CONCENTRATION-RESPONSE RELATIONSHIPS

10.2.6.1  The concept of a concentration-response, or more classically, a dose-response relationship is “the most
fundamental and pervasive one in toxicology” (Casarett and Doull, 1975).  This concept assumes that there is a
causal relationship between the dose of a toxicant (or concentration for toxicants in solution) and a measured
response.  A response may be any measurable biochemical or biological parameter that is correlated with exposure
to the toxicant.  The classical concentration-response relationship is depicted as a sigmoidal shaped curve, however,
the particular shape of the concentration-response curve may differ for each coupled toxicant and response pair.  In
general, more severe responses (such as acute effects) occur at higher concentrations of the toxicant, and less severe
responses (such as chronic effects) occur at lower concentrations.  A single toxicant also may produce multiple
responses, each characterized by a concentration-response relationship.  A corollary of the concentration-response
concept is that every toxicant should exhibit a concentration-response relationship, given that the appropriate
response is measured and given that the concentration range evaluated is appropriate.  Use of this concept can be
helpful in determining whether an effluent possesses toxicity and in identifying anomalous test results.

10.2.6.2  The concentration-response relationship generated for each multi-concentration test must be reviewed to
ensure that calculated test results are interpreted appropriately.  USEPA (2000a) provides guidance on evaluating
concentration-response relationships to assist in determining the validity of WET test results.  All WET test results
(from multi-concentration tests) reported under the NPDES program should be reviewed and reported according to
USEPA guidance on the evaluation of concentration-response relationships (USEPA, 2000a).  This guidance
provides review steps for 10 different concentration-response patterns that may be encountered in WET test data. 
Based on the review, the guidance provides one of three determinations: that calculated effect concentrations are
reliable and should be reported, that calculated effect concentrations are anomalous and should be explained, or that
the test was inconclusive and the test should be repeated with a newly collected sample.  It should be noted that the
determination of a valid concentration-response relationship is not always clear cut.  Data from some tests may
suggest consultation with professional toxicologists and/or regulatory officials.  Tests that exhibit unexpected
concentration-response relationships also may indicate a need for further investigation and possible retesting. 

10.2.7  REFERENCE TOXICANT TESTING

10.2.7.1  Test review of a given effluent or receiving water test should include review of the associated reference
toxicant test and current control chart.  Reference toxicant testing and control charting is required for documenting
the quality of test organisms (Subsection 4.7) and ongoing laboratory performance (Subsection 4.16).  The reviewer
should verify that a quality control reference toxicant test was conducted according to the specified frequency
required by the permitting authority or recommended by the method (e.g., monthly).  The test acceptability criteria,
test conditions, concentration-response relationship, and test sensitivity of the reference toxicant test are reviewed to
verify that the reference toxicant test conducted was a valid test.  The results of the reference toxicant test are then
plotted on a control chart (see Subsection 4.16) and compared to the current control chart limits (± 2 standard
deviations).

10.2.7.2  Reference toxicant tests that fall outside of recommended control chart limits are evaluated to determine
the validity of associated effluent and receiving water tests (see Subsection 4.16).  An out of control reference
toxicant test result does not necessarily invalidate associated test results.  The reviewer should consider the degree
to which the reference toxicant test result fell outside of control chart limits, the width of the limits, the direction of
the deviation (toward increasing test organism sensitivity or toward decreasing test organism sensitivity), the test
conditions of both the effluent test and the reference toxicant test, and the objective of the test.  More frequent
and/or concurrent reference toxicant testing may be advantageous if recent problems (e.g., invalid tests, reference
toxicant test results outside of control chart limits, reduced health of organism cultures, or increased within-test
variability) have been identified in testing.  
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10.2.8   TEST VARIABILITY

10.2.8.1   The within-test variability of individual tests should be reviewed.  Excessive within-test variability may
invalidate a test result and warrant retesting.  For evaluating within-test variability, reviewers should consult EPA
guidance on upper and lower percent minimum significant difference (PMSD) bounds (USEPA, 2000b).  

10.2.8.2   When NPDES permits require sublethal hypothesis testing endpoints from Methods 1000.0,1002.0, or
1003.0 (e.g., growth or reproduction NOECs and LOECs), within-test variability must be reviewed and variability
criteria must be applied as described in this section (10.2.8.2).  When the methods are used for non-regulatory
purposes, the variability criteria herein are recommended but are not required, and their use (or the use of alternative
variability criteria) may depend upon the intended uses of the test results and the requirements of any applicable
data quality objectives and quality assurance plan.

10.2.8.2.1   To measure test variability, calculate the percent minimum significant difference (PMSD) achieved in
the test.  The PMSD is the smallest percentage decrease in growth or reproduction from the control that could be
determined as statistically significant in the test.  The PMSD is calculated as 100 times the minimum significant
difference (MSD) divided by the control mean.  The equation and examples of MSD calculations are shown in
Appendix C.  PMSD may be calculated legitimately as a descriptive statistic for within-test variability, even when
the hypothesis test is conducted using a non-parametric method. The PMSD bounds were based on a representative
set of tests, including tests for which a non-parametric method was required for determining the NOEC or LOEC. 
The conduct of hypothesis testing to determine test results should follow the statistical flow charts provided for each
method.  That is, when test data fail to meet assumptions of normality or heterogeneity of variance, a non-
parametric method (determined following the statistical flowchart for the method) should be used to calculate test
results, but the PMSD may be calculated as described above (using parametric methods) to provide a measure of test
variability. 

10.2.8.2.2   Compare the PMSD measured in the test with the upper PMSD bound variability criterion listed in
Table 6.  When the test PMSD exceeds the upper bound, the variability among replicates is unusually large for the
test method.  Such a test should be considered insufficiently sensitive to detect toxic effects on growth or
reproduction of substantial magnitude.  A finding of toxicity at a particular concentration may be regarded as
trustworthy, but a finding of "no toxicity" or "no statistically significant toxicity" at a particular concentration
should not be regarded as a reliable indication that there is no substantial toxic effect on growth or reproduction at
that concentration.

10.2.8.2.3   If the PMSD measured for the test is less than or equal to the upper PMSD bound variability criterion in
Table 6,  then the test's variability measure lies within normal bounds and the effect concentration estimate (e.g.,
NOEC or LOEC) would normally be accepted unless other test review steps raise serious doubts about its validity.

10.2.8.2.4   If the PMSD measured for the test exceeds the upper PMSD bound variability criterion in Table 6,  then
one of the following two cases applies (10.2.8.2.4.1, 10.2.8.2.4.2).

10.2.8.2.4.1   If toxicity is found at the permitted receiving water concentration (RWC) based upon the value of the
effect concentration estimate (NOEC or LOEC), then the test shall be accepted and the effect concentration estimate
may be reported, unless other test review steps raise serious doubts about its validity.

10.2.8.2.4.2   If toxicity is not found at the permitted RWC based upon the value of the effect concentration estimate
(NOEC or LOEC) and the PMSD measured for the test exceeds the upper PMSD bound, then the test shall not be
accepted, and a new test must be conducted promptly on a newly collected sample.

10.2.8.2.5   To avoid penalizing laboratories that achieve unusually high precision, lower PMSD bounds shall also
be applied when a hypothesis test result (e.g., NOEC or LOEC) is reported.  Lower PMSD bounds, which are based
on the 10th percentiles of national PMSD data, are presented in Table 6.  The 10th percentile PMSD represents a
practical limit to the sensitivity of the test method because few laboratories are able to achieve such precision on a
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regular basis and most do not achieve it even occasionally.  In determining hypothesis test results (e.g., NOEC or
LOEC), a test concentration shall not be considered toxic (i.e., significantly different from the control) if the relative
difference from the control is less than the lower PMSD bounds in Table 6.  See USEPA, 2000b for specific
examples of implementing lower PMSD bounds. 

10.2.8.3   To assist in reviewing within-test variability, EPA recommends maintaining control charts of PMSDs
calculated for successive effluent tests (USEPA, 2000b).  A control chart of PMSD values characterizes the range of
variability observed within a given laboratory, and allows comparison of individual test PMSDs with the
laboratory’s typical range of variability.  Control charts of other variability and test performance measures, such as
the MSD, standard deviation or CV of control responses, or average control response, also may be useful for
reviewing tests and minimizing variability.  The log of PMSD will provide an approximately normal variate useful
for control charting.

TABLE 6.  VARIABILITY CRITERIA (UPPER AND LOWER PMSD BOUNDS) FOR SUBLETHAL
HYPOTHESIS TESTING ENDPOINTS SUBMITTED UNDER NPDES PERMITS.1 

Test Method Endpoint Lower PMSD Bound Upper PMSD Bound

Method 1000.0, Fathead Minnow Larval
Survival and Growth Test growth 12 30

Method 1002.0, Ceriodaphnia dubia
Survival and Reproduction Test reproduction 13 47

Method 1003.0, Selenastrum
capricornutum Growth Test growth 9.1 29

1 Lower and upper PMSD bounds were determined from the 10th and 90th percentile, respectively, of PMSD data
from EPA’s WET Interlaboratory Variability Study (USEPA, 2001a; USEPA, 2001b).
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 SECTION 11

TEST METHOD

FATHEAD MINNOW, PIMEPHALES PROMELAS, 
LARVAL SURVIVAL AND GROWTH TEST 

METHOD 1000.0

11.1   SCOPE AND APPLICATION

11.1.1   This method estimates the chronic toxicity of effluents and receiving water to the fathead minnow,
Pimephales promelas, using newly hatched larvae in a seven-day, static renewal test.  The effects include the
synergistic, antagonistic, and additive effects of all the chemical, physical, and biological components which
adversely affect the physiological and biochemical functions of the test organisms. 

11.1.2   Daily observations on mortality make it possible to also calculate acute toxicity for desired exposure periods
(i.e., 24-h, 48-h, 96-h LC50s).

11.1.3   Detection limits of the toxicity of an effluent or pure substance are organism dependent.

11.1.4   Brief excursions in toxicity may not be detected using 24-h composite samples.  Also, because of the long
sample collection period involved in composite sampling, and because the test chambers are not sealed, highly
degradable or highly volatile toxicants present in the source may not be detected in the test. 

11.1.5   This test method is commonly used in one of two forms: (1) a definitive test, consisting of a minimum of
five effluent concentrations and a control, and (2) a receiving water test(s), consisting of one or more receiving
water concentrations and a control. 

11.2   SUMMARY OF METHOD 

11.2.1   Fathead minnow, Pimephales promelas, larvae are exposed in a static renewal system for seven days to
different concentrations of effluent or to receiving water.  Test results are based on the survival and weight of the
larvae. 

11.3.   INTERFERENCES 

11.3.1   Toxic substances may be introduced by contaminants in dilution water, glassware, sample hardware, and
testing equipment (see Section 5, Facilities, Equipment and Supplies).

11.3.2   Adverse effects of low dissolved oxygen (DO) concentrations, high concentrations of suspended and/or
dissolved solids, and extremes of pH, alkalinity, or hardness, may mask the presence of toxic substances.

11.3.3   Improper effluent sampling and sample handling may adversely affect test results (see Section 8, Effluent
and Receiving Water Sampling, Sample Handling, and Sample Preparation for Toxicity Tests). 

11.3.4   Pathogenic and/or predatory organisms in effluent samples or receiving water that is used for dilution may
affect test organism survival and confound test results.  When pathogen interference is suggested by observation
(11.3.4.1) and data evaluations (11.3.4.2) and confirmed by parallel testing (11.3.4.4), steps should be taken to
minimize pathogen interference to the extent that test results are not confounded by mortality due to pathogens. 
Pathogen control techniques that do not require modification of effluent samples, such as use of the modified test
design described in Subsection 11.3.4.5, are recommended for controlling pathogen interference.  Upon approval by
the regulatory authority, analysts also may use additional pathogen control techniques that require sample
modification (11.3.4.6) provided that parallel testing of altered and unaltered samples further confirms the presence
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of pathogen interference and demonstrates successful pathogen control (11.3.4.6).  

11.3.4.1  A typical indication that pathogen interference has occurred in a WET test is when test organisms exhibit
“sporadic mortality”.  This sporadic morality phenomenon is characterized by an unexpected concentration-
response relationship (i.e., effects that do not increase with increasing effluent concentration) and organism survival
that varies greatly among replicates and among effluent dilutions (USEPA, 2000a).  The observed sporadic
mortality among replicates may occur in receiving water controls, lower effluent concentrations, and occasionally in
full-strength effluent on day 3 or day 4 of the chronic test.  When sporadic mortality occurs, a fungal growth may
appear directly on the fish, especially in the gill area.  The fungus has not been definitively identified, but the fungal
growth appears to be compatible with Saprolegnea sp. (Downey et al., 2000).  Microbiological evaluations on
receiving waters, the fish, and the food indicated the ubiquitous nature of pathogenic organisms (e.g., Flexibacter
spp., Aeromonas hydrophila), and eradicating them from the test through the decontamination of the fish and their
food has not been practical (Geis et al., 2000).   

11.3.4.2  When pathogen interference is suspected, a series of data evaluations are required.  The test data must be
reviewed to determine a cause for any unexpected concentration-response pattern and subsequently to determine the
validity of calculated results (USEPA, 2000a).  USEPA (2000a) provides guidance on reviewing concentration-
response relationships including specific response patterns that may indicate pathogen effects.  Each treatment
(including the control) should be evaluated for an unusually high mortality response and unevenness of mortalities
among replicates.  Within-treatment coefficient of variation (CVs) for survival of >40% in effluent or receiving
water treatments but relatively small for control replicates in a standard reconstituted water may be an indication of
pathogen interference.  Receiving water controls from improper preparation or collection also should be evaluated.

11.3.4.3  Because of the ubiquitous nature of the pathogens or predatory organisms, all test equipment, glassware,
and pipettes must be kept clean and dry when not in use.  Use of separate glassware, pipettes, and siphons for each
concentration is recommended to minimize cross contaminating replicates of all treatments.  Care also should be
taken to properly clean test chambers by removing excess food, dead fish larvae, and other debris prior to daily
renewal (see Subsection 11.10.7).  When  proper laboratory hygiene and filtration through a 2-4 mm mesh opening
(Subsection 8.8.2) do not eliminate the sporadic mortality, the analyst should determine the source and confirm
pathogen interference using parallel testing (11.3.4.4). 

11.3.4.4  Parallel tests should be conducted using reconstituted water and receiving water as diluents with the
effluent to confirm that the test results are due to pathogen interference and to determine the source of pathogens in
the test.  This determination is an important step in controlling pathogen interference.  When the dilution water
exhibits the interference (i.e., pathogen interference is not observed in the test using reconstituted laboratory water
for dilution), reconstituted laboratory water instead of receiving waters should be used to eliminate the interference. 
However, if receiving water is required, the analyst may modify the test design to control pathogen interference
(Subsection 11.3.4.5) or treat the dilution water prior to testing to remove the interference (Subsection 11.3.4.6).  If
pathogen interference is due to pathogens in the effluent (i.e., pathogen interference is still observed in the test using
reconstituted laboratory water for dilution), it is recommended that the analyst modify the test design to control
pathogen interference (Subsection 11.3.4.5).  Upon approval by the regulatory authority, analysts also may use
various sample sterilization techniques to control pathogen interference (11.3.4.6) provided that parallel testing of
altered and unaltered samples further confirms the presence of pathogen interference and demonstrates successful
pathogen control.

11.3.4.5  When data evaluation indicates that sporadic mortality has occurred as described in Subsections 11.3.4.1 -
11.3.4.2, the test design can be modified as described below to control pathogen interference.  The use of 2 fish per
20 ml in each 1 ounce plastic cup test solution or 2 fish per 50 ml in each 4 ounce plastic cup can be used rather
than 10 fish per test chamber.  The total number of fish tested remains unchanged (i.e., 40 per treatment).   At test
initiation, for each test concentration and replicate, the test cups must be labeled to easily recombine the fish to the
original replicate at the end of the test.  For example, for replicate A, each of the five plastic test cups would be
identified as subreplicate A1, A2, A3, A4, and A5 repeating the pattern for subsequent replicates (e.g., for replicate
B, each cup would be identified as subreplicate B1, B2, B3, B4, and B5).  At test termination, all test organisms
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from the five A subreplicates are combined for a survival and weight determination.  Document the recombination
of replicates in records.

11.3.4.5.1  All test chambers must be randomized using a template for randomization or by using a table of random
numbers.  Test chambers are randomized once at the beginning of the test (see Subsection 11.10.2.3).  When using
templates, a number of different templates should be prepared, so that the same template is not used for every test. 
Randomization procedures must be documented with daily records.

11.3.4.5.2  When adding or transferring the larvae to test chambers, the amount of excess water added to the
chambers should be kept to a minimum to avoid unnecessary dilution of the test concentrations. The fish in each test
chamber should be fed 0.1 mL of a concentrated suspension of newly hatched (less than 24-h old) brine shrimp
nauplii three times daily at 4 h intervals, or 0.15 mL should be fed twice daily at an interval of 6 h. (NOTE: to
prevent low dissolved oxygen levels, the amount of food added to cups should be adjusted to account for the
modified test design that uses smaller test chambers).  Dead test organisms should be removed as soon as they are
observed.

11.3.4.5.3  Fish are transferred to new or clean test chambers daily.  At the time of the daily renewal of the test
solutions, the fish are transferred to a new test chamber containing fresh test solution using a pipette which has at
least a 5mm bore diameter.  Separate pipettes should be used for each treatment.  Water transfer is kept to a
minimum by allowing the fish to swim out of the pipette into the new test chamber. Any potential injury to
individual fish should be recorded on the test sheets.

11.3.4.5.4  At test termination, the surviving larvae in each chamber must be counted and all subreplicates within a
replicate (e.g., A1, A2, A3, A4, and A5) combined.  For example, all test cups (within a treatment) labeled A would
be combined for a survival and dry weight determination.

11.3.4.6  When parallel testing has confirmed pathogen interference, the regulatory authority may allow
modifications of the effluent samples or receiving water diluent to remove or inactivate the pathogens (Subsection
11.3.4.6.1 - 11.3.4.6.4).  Techniques that control pathogen interference without modifying the effluent sample
(11.3.4.5) are recommended, but they may not always be able to minimize pathogen interference to the extent that
test results are not confounded by mortality due to pathogens.  Therefore, regulatory authorities may allow
appropriate pathogen control techniques (including those that modify the effluent sample) on a case-by-case basis.  
TIE approaches (USEPA, 1991b; USEPA, 1992) and the following procedures (Subsection 11.3.4.6.1 - 11.3.4.6.4)
can be used alone or in combination to ascertain the adverse influence on tests caused by pathogens.  Prior to
routine use of pathogen control techniques that modify the sample, the effects of pathogenic bacteria and the
effectiveness of the selected pathogen control technique must be confirmed by parallel and simultaneous testing of
the technique with altered and unaltered samples.

11.3.4.6.1  Use of ultra-violet light to irradiate the sample.  The rate of pumping specified by the manufacturer of
the apparatus should be used (provided that adequate disinfection is achieved), and the life of the UV light source
must follow manufacturers’ recommendations and be documented.  For example, one liter of water can be irradiated
for 20 min using an 8 watt UV light (Aquatic Ecosystems, Apopka, FL) prior to use each day of the test.  Light
sources have limited lifetimes and their effectiveness will decrease with age. The delivery pump and the light source
should be on the same electrical circuit to ensure that when power is interrupted both terminate operation.  QA/QC
procedures should be put into place to assure that the light source is on at the beginning and at the end of the
procedure.  Treatment of the large volumes of water necessary for test dilution also may be impractical.   Caution:
Since the effluent or receiving water samples must be passed through the UV sterilizer and then test treatments
prepared, there may be potential effects of UV light on the sample.  UV exposure may increase or decrease toxicity
from other pollutants in the sample. UV treatment is known to cause photoactivation of some organic compounds,
which may increase toxicity.  UV treatment also is known to cause the photochemical breakdown of certain organic
compounds, which could decrease toxicity (if the parent compound is toxic) or increase toxicity (if reaction
products are toxic).  These effects should be considered in the selection of pathogen control strategies, and the
analyst should attempt to minimize these effects to the extent reasonably practicable.  The effectiveness of UV for
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sterilization may decrease with turbid or stained samples.  Bacteria can escape exposure by being lodged in crevices
of particulate matter in the sample.  All toxicity tests using a sterilized sample must include a blank preparation
consisting of similarly sterilized laboratory water.

11.3.4.6.2  Ultra-filtration through a 0.22 µm pore diameter filter (such as Gelman Suprocap®) may be conducted on
sample aliquots before daily use.  Samples may need to be filtered through a glass fiber filter prior to the 0.22 µm
filter.  This is time consuming and volume restricted.  Treatment of the large volumes of water  necessary for test
dilution may be impractical.  Caution: Since the effluent or receiving water samples must be passed through the
filter, the effect of filtering must be evaluated.  Filtration can remove toxicity if toxic components of the sample are
bound to particles (USEPA, 1991b; 1992).  The  removal of suspended solids also may influence the bioavailability
of chemical pollutants.  These effects should be considered in the selection of pathogen control strategies, and the
analyst should attempt to minimize these effects to the extent reasonably practicable.  The removal of toxicity by
filtration must be evaluated for each sample by testing samples before and after filtration.   All toxicity tests using a
sterilized sample also must include a blank preparation consisting of similarly sterilized reconstituted laboratory
water. 

11.3.4.6.3  Use of chlorination and dechlorination.  In some cases, pathogens can survive the chlorination/
dechlorination process and the pathogenic effects may increase due to lack of competition from other organisms.
Sufficient data must be collected and documented to determine the effective dosage required.  Caution: Chlorination
of effluent samples could cause unknown effects on the sample. Chlorination could increase or decrease sample
toxicity by oxidizing organic compounds or forming chlorination by-products.  These effects should be considered
in the selection of pathogen control strategies, and the analyst should attempt to minimize these effects to the extent
reasonably practicable.  Toxicity tests conducted with the addition of chlorine and subsequent dechlorination
(USEPA, 1991b; 1992) to either effluent or receiving water samples also must include a blank preparation
consisting of similarly treated laboratory water.

11.3.4.6.4  Use of antibiotics.  The addition of wide spectrum antibiotics has been effective in removing the
pathogen effect (Downey et al., 2000).  Antibacterial treatment such as those commonly used in aquaculture or
home aquarium maintenance (e.g., oxytetracycline, chloramphenicol, and actinomycin) may be effective.  Sufficient
data must be collected to determine the effective dosage  required.  Caution:   While antibiotics are effective, easy to
use, inexpensive, and readily available, the antibiotic treatment may alter the sample in unknown or undesirable
ways and may make the sample too cloudy.  Large volumes of a sample may need to be treated.  These effects
should be considered in the selection of pathogen control strategies, and the analyst should attempt to minimize
these effects to the extent reasonably practicable.  All toxicity tests using antibiotic treatments also must include
treatment blanks of similarly prepared laboratory water.

11.3.5   Food added during the test may sequester metals and other toxic substances and confound test results. 
Daily renewal of solutions, however, will reduce the probability of reduction of toxicity caused by feeding.

11.3.6   pH drift during the test may contribute to artifactual toxicity when ammonia or other pH-dependent
toxicants (such as metals) are present.  As pH increases, the toxicity of ammonia also increases (see Subsection
8.8.6), so upward pH drift may increase sample toxicity.  For metals, toxicity may increase or decrease with
increasing pH.  Lead and copper were found to be more acutely toxic at pH 6.5 than at pH 8.0 or 8.5, while nickel
and zinc were more toxic at pH 8.5 than at pH 6.5 (USEPA, 1992).  In situations where sample toxicity is confirmed
to be artifactual and due to pH drift (as determined by parallel testing as described in Subsection 11.3.6.1), the
regulatory authority may allow for control of sample pH during testing using procedures outlined in Subsection
11.3.6.2.  It should be noted that artifactual toxicity due to pH drift is not likely to occur unless pH drift is large
(more than 1 pH unit) and/or the concentration of some pH-dependent toxicant in the sample is near the threshold
for toxicity. 

11.3.6.1   To confirm that toxicity is artifactual and due to pH drift, parallel tests must be conducted, one with
controlled pH and one with uncontrolled pH.  In the uncontrolled-pH treatment, the pH is allowed to drift during the
test.  In the controlled-pH treatment, the pH is maintained using the procedures described in Subsection 11.3.6.2. 
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The pH to be maintained in the controlled-pH treatment (or target pH) will depend on the objective of the test.  If
the objective of the WET test is to determine the toxicity of the effluent in the receiving water, the pH should be
maintained at the pH of the receiving water (measured at the edge of the regulatory mixing zone).  If the objective
of the WET test is to determine the absolute toxicity of the effluent, the pH should be maintained at the pH of the
sample upon completion of collection (as measured on an aliquot removed from the sample container).

11.3.6.1.1   During parallel testing, the pH must be measured in each treatment at the beginning (i.e., initial pH) and
end (i.e., final pH)  of each 24-h exposure period.  For each treatment, the mean initial pH (e.g., averaging the initial
pH measured each day for a given treatment) and the mean final pH (e.g., averaging the final pH measured each day
for a given treatment) must be reported.  pH measurements taken during the test must confirm that pH was
effectively maintained at the target pH in the controlled-pH treatment.  For each treatment, the mean initial pH and
the mean final pH should be within ± 0.2 pH units of the target pH.  Test procedures for conducting toxicity
identification evaluations (TIEs) also recommend maintaining pH within ± 0.2 pH units in pH-controlled tests
(USEPA, 1992).

11.3.6.1.2   Total ammonia also should be measured in each treatment at the outset of parallel testing.  Total
ammonia concentrations greater than 5 mg/L in the 100% effluent are an indicator that toxicity observed in the test
may be due to ammonia (USEPA, 1992).  

11.3.6.1.3   Results from both of the parallel tests (pH-controlled and uncontrolled treatments) must be reported to
the regulatory authority.  If the uncontrolled test meets test acceptability criteria and shows no toxicity at the
permitted instream waste concentration, then the results from this test should be used for determining compliance. 
If the uncontrolled test shows toxicity at the permitted instream waste concentration, then the results from the pH-
controlled test should be used for determining compliance, provided that this test meets test acceptability criteria
and pH was properly controlled (see Subsection 11.3.6.1.1).  

11.3.6.1.4   To confirm that toxicity observed in the uncontrolled test was artifactual and due to pH drift, the results
of the controlled and uncontrolled-pH tests are compared.  If toxicity is removed or reduced in the pH-controlled
treatment, artifactual toxicity due to pH drift is confirmed for the sample.  To demonstrate that a sample result of
artifactual toxicity is representative of a given effluent, the regulatory authority may require additional information
or additional parallel testing before pH control (as described in Subsection 11.3.6.2) is applied routinely to
subsequent testing of the effluent. 

11.3.6.2   The pH can be controlled with the addition of acids and bases and/or the use of a CO2-controlled
atmosphere over the test chambers.  pH is adjusted with acids and bases by dropwise adding 1N NaOH or 1N HCl
(see Subsection 8.8.8).  The addition of acids and bases should be minimized to reduce the amount of additional
ions (Na or Cl) added to the sample.  pH is then controlled using the CO2-controlled atmosphere technique.  This
may be accomplished by placing test solutions and test organisms in closed headspace test chambers, and then
injecting a predetermined volume of CO2 into the headspace of each test chamber (USEPA, 1991b; USEPA, 1992);
or by placing test chambers in an atmosphere flushed with a predetermined mixture of CO2 and air (USEPA, 1996). 
Prior experimentation will be needed to determine the appropriate CO2/air ratio or the appropriate volume of CO2 to
inject.  This volume will depend upon the sample pH, sample volume, container volume, and sample constituents. 
If more than 5% CO2 is needed, adjust the solutions with acids (1N HCl) and then flush the headspace with no more
than 5% CO2 (USEPA, 1992).  If the objective of the WET test is to determine the toxicity of the effluent in the
receiving water, CO2 is injected to maintain the test pH at the pH of the receiving water (measured at the edge of the
regulatory mixing zone).  If the objective of the WET test is to determine the absolute toxicity of the effluent, CO2 is
injected to maintain the test pH at the pH of the sample upon completion of collection.  USEPA (1991b; 1992) and
Mount and Mount (1992) provide techniques and guidance for controlling test pH using a CO2-controlled
atmosphere.  In pH-controlled testing, control treatments must be subjected to all manipulations that sample
treatments are subjected to.  These manipulations must be shown to cause no lethal or sublethal effects on control
organisms.  In pH-controlled testing, the pH also must be measured in each treatment at the beginning and end of
each 24-h exposure period to confirm that pH was effectively controlled at the target pH level. 
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11.4   SAFETY 

11.4.1   See Section 3, Health and Safety.

11.5   APPARATUS AND EQUIPMENT 

11.5.1   Fathead minnow and brine shrimp culture units -- see USEPA, 1985a and USEPA, 2002a.  This test
requires 240-360 larvae.  It is preferable to obtain larvae from an in-house fathead minnow culture unit.  If it is not
feasible to culture fish in-house, embryos or newly hatched larvae can be shipped in well oxygenated water in
insulated containers.

11.5.2   Samplers -- automatic sampler, preferably with sample cooling capability, that can collect a 24-h composite
sample of 5 L.

11.5.3   Sample containers -- for sample shipment and storage (see Section 8, Effluent and Receiving Water
Sampling, Sample Handling, and Sample Preparation for Toxicity Tests). 
 
11.5.4   Environmental chamber or equivalent facility with temperature control (25 ± 1°C).

11.5.5   Water purification system -- MILLIPORE MILLI-Q®, deionized water or equivalent (see Section 5,
Facilities, Equipment, and Supplies). 

11.5.6   Balance -- analytical, capable of accurately weighing to 0.00001 g.

11.5.7   Reference weights, Class S -- for checking performance of balance.  Weights should bracket the expected
weights of the weighing pans and the expected weights of the pans plus fish. 

11.5.8   Test chambers -- four borosilicate glass or non-toxic disposable plastic test chambers are required for each
concentration and control.  Test chambers may be 1 L, 500 mL or 250 mL beakers, 500 mL plastic cups, or
fabricated rectangular (0.3 cm thick) glass chambers, 15 cm x 7.5 cm x 7.5 cm.  To avoid potential contamination
from the air and excessive evaporation of test solutions during the test, the chambers should be covered with safety
glass plates or sheet plastic (6 mm thick). 

11.5.9   Volumetric flasks and graduated cylinders -- Class A, borosilicate glass or non-toxic plastic labware,
10-1000 mL for making test solutions. 5.10  

11.5.10   Volumetric pipets -- Class A, 1-100 mL. 
 
11.5.11   Serological pipets -- 1-10 mL, graduated. 

11.5.12   Pipet bulbs and fillers -- PROPIPET®, or equivalent. 

11.5.13   Droppers, and glass tubing with fire polished edges, 4 mm ID -- for transferring larvae. 

11.5.14   Wash bottles -- for rinsing small glassware and instrument electrodes and probes.

11.5.15   Thermometers, glass or electronic, laboratory grade -- for measuring water temperatures. 

11.5.16   Bulb-thermograph or electronic-chart type thermometers -- for continuously recording temperature. 

11.5.17   Thermometers, National Bureau of Standards Certified (see USEPA Method 170.1, USEPA, 1979b) -- to
calabrate laboratory themometers.
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11.5.18   Meters, pH, DO, and specific conductivity -- for routine physical and chemical measurements.

11.5.19   Drying oven -- 50-105° C range for drying larvae.

11.6   REAGENTS AND CONSUMABLE MATERIALS 

11.6.1   Sample containers -- for sample shipment and storage (see Section 8, Effluent and Receiving Water
Sampling, Sample Handling, and Sample Preparation for Toxicity Tests).

11.6.2   Data sheets (one set per test) -- for recording data.

11.6.3   Vials, marked -- 24 per test, containing 4% formalin or 70% ethanol to preserve larvae (optional).

11.6.4   Weighing boats, aluminum -- 24 per test.

11.6.5   Tape, colored -- for labeling test chambers.

11.6.6   Markers, waterproof -- for marking containers, etc.

11.6.7   Reagents for hardness and alkalinity tests -- see USEPA Methods 130.2 and 310.1, USEPA, 1979b. 

11.6.8   Buffers, pH 4, pH 7, and pH 10 (or as per instructions of instrument manufacturer) -- for instrument
calibration (see USEPA Method 150.1, USEPA, 1979b).

11.6.9   Specific conductivity standards -- see USEPA Method 120.1, USEPA, 1979b. 

11.6.10   Membranes and filling solutions for DO probe (see USEPA Method 360.1, USEPA, 1979b), or reagents --
for modified Winkler analysis.

11.6.11   Laboratory quality control samples and standards -- for calibration of the above methods.

11.6.12   Reference toxicant solutions (see Section 4, Quality Assurance).

11.6.13   Ethanol (70%) or formalin (4%) -- for use as a preservative for the fish larvae. 

11.6.14   Reagent water -- defined as distilled or deionized water that does not contain substances which are toxic to
the test organisms (see Section 5, Facilities, Equipment, and Supplies).

11.6.15   Effluent, receiving water, and dilution water -- see Section 7, Dilution Water; and Section 8, Effluent and
Receiving Water Sampling, Sample Handling, and Sample Preparation for Toxicity Tests.

11.6.16   Brine Shrimp, Artemia, Nauplii -- for feeding cultures and test organisms

11.6.16.1   Newly-hatched Artemia nauplii are used as food (see USEPA, 2002a) for fathead minnow, Pimephales
promelas, larvae in toxicity tests and frozen brine shrimp and flake food are used in the maintenance of continuous
stock cultures.  Although there are many commercial sources of brine shrimp cysts, the Brazilian or Colombian
strains are currently preferred because the supplies examined have had low concentrations of chemical residues and
produce nauplii of suitably small size. 

11.6.16.2   Each new batch of brine shrimp, Artemia, cysts must be evaluated for size (Vanhaecke and Sorgeloos,
1980, and Vanhaecke et al., 1980) and nutritional suitability (see Leger et al., 1985; Leger et al., 1986) against
known suitable reference cysts by performing a side by side larval growth test using the "new" and "reference"
cysts.  The "reference" cysts used in the suitability test may be a previously tested and acceptable batch of cysts.  A
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sample of newly-hatched Artemia nauplii from each new batch of cysts should be chemically analyzed.  The
Artemia cysts should not be used if the concentration of total organochlorine exceeds 0.15 µg/g wet weight or the
total concentration of organochlorine pesticides plus PCBs exceeds 0.30 µg/g wet weight.  (For analytical methods
see USEPA, 1982).

11.6.16.3   Artemia nauplii are obtained as follows: 

1. Add 1 L of seawater, or a solution prepared by adding 35.0 g uniodized salt (NaCl) or artificial sea
salts to 1 L deionized water, to a 2-L separatory funnel, or equivalent.

2. Add 10 mL Artemia cysts to the separatory funnel and aerate for 24-h at 27EC.  (Hatching time varies
with incubation temperature and the geographic strain of Artemia used) (see USEPA, 1991b; USEPA,
2002a and ASTM, 1993).

 3. After 24 h, cut off the air supply in the separatory funnel.  Artemia nauplii are phototactic, and will
concentrate at the bottom of the funnel if it is covered for 5-10 min.  To prevent mortality, do not leave
the concentrated nauplii at the bottom of the funnel more than 10 min without aeration.

4. Drain the nauplii into a beaker or funnel fitted with a # 150 µm Nitex® or stainless steel screen, and
rinse with deionized water, or equivalent, before use.

 
11.6.16.4   Testing Artemia nauplii as food for toxicity test organisms.

11.6.16.4.1   The primary criterion for acceptability of each new supply of brine shrimp cysts is the ability of the
nauplii to support good survival and growth of the fathead minnow larvae (see Subsection 11.12).  The larvae used
to evaluate the suitability of the brine shrimp nauplii must be of the same geographical origin, species, and stage of
development as those used routinely in the toxicity tests.  Sufficient data to detect differences in survival and growth
should be obtained by using three replicate test vessels, each containing a minimum of 15 larvae, for each type of
food.

11.6.16.4.2   The feeding rate and frequency, test vessels, volume of control water, duration of the test, and age of
the nauplii at the start of the test, should be the same as used for the routine toxicity tests.

11.6.16.4.3   Results of the brine shrimp nutrition assay, where there are only two treatments, can be evaluated
statistically by use of a t test.  The "new" food is acceptable if there are no statistically significant differences in the
survival and growth of the larvae fed the two sources of nauplii.

11.6.17  TEST ORGANISMS, FATHEAD MINNOWS, PIMEPHALES PROMELAS

11.6.17.1   Newly hatched fish less than 24 h old should be used for the test.  If organisms must be shipped to the
testing site, fish up to 48 h old may be used, all hatched within a 24-h window.

11.6.17.2   If the fish are kept in a holding tank or container, most of the water should be siphoned off to
concentrate the fish.  The fish are then transferred one at a time randomly to the test chambers until each chamber
contains ten fish.  Alternately, fish may be placed one or two at a time into small beakers or plastic containers until
they each contain five fish.  Three (minimum of two) of these beakers/plastic containers are then assigned to
randomly-arranged control and exposure chambers.

11.6.17.2.1   The fish are transferred directly to the test vessels or intermediate beakers/plastic containers, using a
large-bore, fire-polished glass tube (6 mm to 9 mm I.D. X 30 cm long) equipped with a rubber bulb, or a large
volumetric pipet with tip removed and fitted with a safety type bulb filler.  The glass or plastic containers should
only contain a small volume of dilution water.

11.6.17.2.2   It is important to note that larvae should not be handled with a dip net.  Dipping small fish with a net
may result in damage to the fish and cause mortality.



61

11.6.17.3   The test is conducted with a minimum of four test chambers at each toxicant concentration and control. 
Fifteen (minimum of ten) embryos are placed in each replicate test chamber.  Thus 60 (minimum of 40) fish are
exposed at each test concentration.

11.6.17.4   Sources of organisms

11.6.17.4.1   Fathead minnows, Pimephales promelas, may be obtained from commercial biological supply houses. 
Fish obtained from outside sources for use as brood stock or in toxicity tests may not always be of suitable age and
quality.  Fish provided by supply houses should be guaranteed to be of (1) the correct species, (2) disease free, (3)
in the requested age range, and (4) in good condition.  This can be done by providing the record of the date on
which the eggs were laid and hatched, and information on the sensitivity of contemporary fish to reference
toxicants.

11.6.17.5   Inhouse Sources of Fathead Minnows, Pimephales promelas

11.6.17.5.1   Problems in obtaining suitable fish from outside laboratories can be avoided by developing an inhouse
laboratory culture facility.  Fathead minnows, Pimephales promelas, can be easily cultured in the laboratory from
eggs to adults in static, recirculating, or flow-through systems.  The larvae, juveniles, and adult fish should be kept
in 60 L (15 gal) or 76 L (20 gal) rearing tanks supplied with reconstituted water, dechlorinated tap water, or natural
water.  The water should be analyzed for toxic metals and organics quarterly (see Section 4, Quality Assurance).  

11.6.17.5.1.1   If a static or recirculating system is used, it is necessary to equip each tank with an outside activated
carbon filter system, similar to those sold for tropical fish hobbyists (or one large activated carbon filter system for a
series of tanks) to prevent the accumulation of toxic metabolic wastes (principally nitrite and ammonia) in the water. 

11.6.17.5.2   Flow-through systems require large volumes of water and may not be feasible in some laboratories. 
The culture tanks should be shielded from extraneous disturbances using opaque curtains, and should be isolated
from toxicity testing activities to prevent contamination. 

11.6.17.5.3   To avoid the possibility of inbreeding of the inhouse brood stock, fish from an outside source should
be introduced yearly into the culture unit.

11.6.17.5.4   Dissolved oxygen -- The DO concentration in the culture tanks should be maintained near saturation,
using gentle aeration with 15 cm air stones if necessary.  Brungs (1971), in a carefully controlled long-term study,
found that the growth of fathead minnows was reduced significantly at all dissolved oxygen concentrations below
7.9 mg/L.  Soderberg (1982) presented an analytical approach to the re-aeration of flowing water for culture
systems.

11.6.17.5.5   Culture Maintenance 

11.6.17.5.5.1   Adequate procedures for culture maintenance must be followed to avoid poor water quality in the
culture system.  The spawning and brood stock culture tanks should be kept free of debris (excess food, detritus,
waste, etc.) by siphoning the accumulated materials (such as dead brine shrimp nauplii or cysts) from the bottom of
the tanks daily with a glass siphon tube attached to a plastic hose leading to the floor drain.  The tanks are more
thoroughly cleaned as required.  Algae, mostly diatoms and green algae, growing on the glass of the spawning tanks
are left in place, except for the front of the tank, which is kept clean for observation.  To avoid excessive build-up of
algal growth, the walls of the tanks are periodically scraped.  The larval culture tanks are cleaned once or twice a
week to reduce the mass of fungus growing on the bottom of the tank.

11.6.17.5.5.2   Activated charcoal and floss in the tank filtration systems should be changed weekly, or more often if
needed.  Culture water may be maintained by preparation of reconstituted water or use of dechlorinated tap water. 
Distilled or deionized water is added as needed to compensate for evaporation.
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11.6.17.5.5.3   Before new fish are placed in tanks, salt deposits are removed by scraping or with 5% acid solution,
the tanks are washed with detergent, sterilized with a hypochlorite solution, and rinsed well with hot tap water and
then with laboratory water. 

11.6.17.5.6   Obtaining Embryos for Toxicity Tests

11.6.17.5.6.1   Embryos can be shipped to the laboratory from an outside source or obtained from adults held in the
laboratory as described below.  

11.6.17.5.6.2   For breeding tanks, it is convenient to use 60 L (15 gal) or 76 L (20 gal) aquaria.  The spawning unit
is designed to simulate conditions in nature conducive to spawning, such as water temperature and photoperiod. 
Spawning tanks must be held at a temperature of 25 ± 2°C.  Each aquarium is equipped with a heater, if necessary, a
continuous filtering unit, and spawning substrates.  The photoperiod for the culture system should be maintained at
16 h light and 8 h darkness.  For the spawning tanks, this photoperiod must be rigidly controlled.  A convenient
photoperiod is 5:00 AM to 9:00 PM.  Fluorescent lights should be suspended about 60 cm above the surface of the
water in the brood and larval tanks.  Both DURATEST® and cool-white fluorescent lamps have been used, and
produce similar results.  An illumination level of 50 to 100 ft-c is adequate.

11.6.17.5.6.3   To simulate the natural spawning environment, it is necessary to provide substrates (nesting
territories) upon which the eggs can be deposited and fertilized, and which are defended and cared for by the males. 
The recommended spawning substrates consist of inverted half-cylinders, 7.6 cm × 7.6 cm (3 in × 3 in) of Schedule
40 PVC pipe.  The substrates should be placed equi-distant from each other on the bottom of the tanks.
 
11.6.17.5.6.4   To establish a breeding unit, 15-20 pre-spawning adults six to eight months old are taken from a
"holding" or culture tank and placed in a 76-L spawning tank.  At this point, it is not possible to distinguish the
sexes.  However, after less than a week in the spawning tank, the breeding males will develop their distinct
coloration and territorial behavior, and spawning will begin.  As the breeding males are identified, all but two are
removed, providing a final ratio of 5-6 females per male.  The excess spawning substrates are used as shelter by the
females. 
 
11.6.17.5.6.5   Sexing of the fish to ensure a correct female/male ratio in each tank can be a problem.  However, the
task usually becomes easier as experience is gained (Flickinger, 1966).  Sexually mature females usually have large
bellies and a tapered snout.  The sexually mature males are usually distinguished by their larger overall size, dark
vertical color bands, and the spongy nuptial tubercles on the snout.  Unless the males exhibit these secondary
breeding characteristics, no reliable method has been found to distinguish them from females.  However, using the
coloration of the males and the presence of enlarged urogenital structures and other characteristics of the females,
the correct selection of the sexes can usually be achieved by trial and error. 

11.6.17.5.6.6   Sexually immature males are usually recognized by their aggressive behavior and partial banding. 
These undeveloped males must be removed from the spawning tanks because they will eat the eggs and constantly
harass the mature males, tiring them and reducing the fecundity of the breeding unit.  Therefore, the fish in the
spawning tanks must be carefully checked periodically for extra males. 

11.6.17.5.6.7   A breeding unit should remain in their spawning tank about four months.  Thus, each brood tank or
unit is stocked with new spawners about three times a year.  However, the restocking process is rotated so that at
any one time the spawning tanks contain different age groups of brood fish. 

11.6.17.5.6.8   Fathead minnows spawn mostly in the early morning hours.  They should not be disturbed except for
a morning feeding (8:00 AM) and daily examination of substrates for eggs in late morning or early afternoon.  In
nature, the male protects, cleans, and aerates the eggs until they hatch.  In the laboratory, however, it is necessary to
remove the eggs from the tanks to prevent them from being eaten by the adults, for ease of handling, for purposes of
recording embryo count and hatchability, and for the use of the newly hatched young fish for toxicity tests. 
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11.6.17.5.6.9   Daily, beginning six to eight hours after the lights are turned on (11:00 AM - 1:00 PM), the
substrates in the spawning tanks are each lifted  carefully and inspected for embryos.  Substrates without embryos
are immediately returned to the spawning tank.  Those with embryos are immersed in clean water in a collecting
tray, and replaced with a clean substrate.  A daily record is maintained of each spawning site and the estimated
number of embryos on the substrate.

11.6.17.5.6.10   Three different methods are described for embryo incubation.

1. Incubation of Embryos on the Substrates:  Several (2-4) substrates are placed on end in a circular
pattern (with the embryos on the innerside) in 10 cm of water in a tray.  The tray is then placed in a
constant temperature water bath, and the embryos are aerated with a 2.5 cm airstone placed in the
center of the circle.  The embryos are examined daily, and the dead and fungused embryos are
counted, recorded, and removed with forceps.  At an incubation temperature of 25°C, 50% hatch
occurs in five days.  At 22°C embryos incubated on aerated tiles require 7 days for 50% hatch.

2. Incubation of Embryos in a Separatory Funnel:  The embryos are removed from the substrates with a
rolling action of the index finger ("rolled off") (Gast and Brungs, 1973), their total volume is
measured, and the number of embryos is calculated using a conversion factor of approximately 430
embryos/mL.  The embryos are incubated in about 1.5 L of water in a 2 L separatory funnel
maintained in a water bath.  The embryos are stirred in the separatory funnel by bubbling air from the
tip of a plastic micro-pipette placed at the bottom, inside the separatory funnel.  During the first two
days, the embryos are taken from the funnel daily, those that are dead and fungused are removed, and
those that are alive are returned to the separatory funnel in clean water.  The embryos hatch in four
days at a temperature of 25°C.  However, usually on day three the eyed embryos are removed from the
separatory funnel and placed in water in a plastic tray and gently aerated with an air stone.  Using this
method, the embryos hatch in five days.  Hatching time is greatly influenced by the amount of
agitation of the embryos and the incubation temperature.  If on day three the embryos are transferred
from the separatory funnel to a static, unaerated container, a 50% hatch will occur in six days (instead
of five) and a 100% hatch will occur in seven days.  If the culture system is operated at 22°C, embryos
incubated on aerated tiles require seven days for 50% hatch. 

3. Incubation in Embryo Incubation Cups:  The embryos are "rolled off" the substrates, and the total
number is estimated by determining the volume.  The embryos are then placed in incubation cups
attached to a rocker arm assembly (Mount, 1968).  Both flow-through and static renewal incubation
have been used.  On day one, the embryos are removed from the cups and those that are dead and
fungused are removed.  After day one only dead embryos are removed from the cups.  During the
incubation period, the eggs are examined daily for viability and fungal growth, until they hatch. 
Unfertilized eggs, and eggs that have become infected by fungus, should be removed with forceps
using a table top magnifier-illuminator.  Non-viable eggs become milky and opaque, and are easily
recognized.  The non-viable eggs are very susceptible to fungal infection, which may then spread
throughout the egg mass.  Removal of fungus should be done quickly, and the substrates should be
returned to the incubation tanks as rapidly as possible so that the good eggs are not damaged by
desiccation.  Hatching takes four to five days at an optimal temperature of 25°C.  Hatching can be
delayed several (two to four) days by incubating at lower temperatures.  A large plastic tank receiving
recirculating water from a temperature control unit, can be used as a water bath for incubation of
embryos.

11.6.17.5.6.11   Newly-hatched larvae are transferred daily from the egg incubation apparatus to small rearing
tanks, using a large bore pipette, until the hatch is complete.  New rearing tanks are set up on a daily basis to
separate fish by age group.  Approximately 1500 newly hatched larvae are placed in a 60-L (15 gal) or 76-L (20 gal)
all-glass aquarium for 30 days.  A density of 150 fry per liter is suitable for the first four weeks.  The water
temperature in the rearing tanks is allowed to follow ambient laboratory temperatures of 20-25°C, but sudden,
extreme variations in temperature must be avoided. 
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11.6.17.5.7   Food and Feeding

11.6.17.5.7.1   The amount of food and feeding schedule affects both growth and egg production.  The spawning
fish and pre-spawners in holding tanks usually are fed all the adult frozen brine shrimp and tropical fish flake food
or dry commercial fish food (No. l or No. 2 granules) that they can eat (ad libitum) at the beginning of the work day
and in the late afternoon (8:00 AM and 4:00 PM).  The fish are fed twice a day (twice a day with dry food and once
a day with adult shrimp) during the week and once a day on weekends. 
 
11.6.17.5.7.2   Fathead minnow larvae are fed freshly-hatched brine shrimp (Artemia) nauplii twice daily until they
are four weeks old.  Utilization of older (larger) brine shrimp nauplii may result in starvation of the young fish
because they are unable to ingest the larger food organisms (see Subsection 11.6.16 or USEPA, 2002a for
instructions on the preparation of brine shrimp nauplii).

11.6.17.5.7.3   Fish older than four weeks are fed frozen brine shrimp and commercial fish starter (#l and #2), which
is ground fish meal enriched with vitamins.  As the fish grow, larger pellet sizes are used, as appropriate. (Starter,
No. 1 and N. 2 granules, U.S. Fish and Wildlife Service Formulation Specification Diet SD9-30).  Newly hatched
brine shrimp nauplii, and frozen adult brine shrimp are fed to the fish cultures in volumes based on age, size, and
number of fish in the tanks.

11.6.17.5.7.4   Fish in the larval tanks (from hatch to 30 days old) are fed commercial starter fish food at the
beginning and end of the work day, and newly hatched brine shrimp nauplii (from the brine shrimp culture unit)
once a day, usually mid-morning and mid-afternoon. 

11.6.17.5.7.5   Attempts should be made to avoid introducing Artemia cysts and empty shells when the brine shrimp
nauplii are fed to the fish larvae.  Some of the mortality of the larval fish observed in cultures could be caused from
the ingestion of these materials.

11.6.17.5.8   Disease Control 

11.6.17.5.8.1   Fish are observed daily for abnormal appearance or behavior.  Bacterial or fungal infections are the
most common diseases encountered.  However, if normal precautions are taken, disease outbreaks will rarely, if
ever, occur.  Hoffman and Mitchell (1980) have put together a list of some chemicals that have been used
commonly for fish diseases and pests.

11.6.17.5.8.2   In aquatic culture systems where filtration is utilized, the application of certain antibacterial agents
should be used with caution.  A treatment with a single dose of antibacterial drugs can interrupt nitrate reduction
and stop nitrification for various periods of time, resulting in changes in pH, and in ammonia, nitrite and nitrate
concentrations (Collins et al., 1976).  These changes could cause the death of the culture organisms. 
 
11.6.17.5.8.3   Do not transfer equipment from one tank to another without first disinfecting tanks and nets.  If an
outbreak of disease occurs, any equipment, such as nets, airlines, tanks, etc., which has been exposed to diseased
fish should be disinfected with sodium hypochlorite.  Also to avoid the contamination of cultures or spread of
disease, each time nets are used to remove live or dead fish from tanks, they are first sterilized with sodium
hypochlorite or formalin, and rinsed in hot tap water.  Before a new lot of fish is transferred to culture tanks, the
tanks are cleaned and sterilized as described above. 
 
11.6.17.5.8.4   It is recommended that chronic toxicity tests be performed monthly with a reference toxicant.  Newly
hatched fathead minnow larvae less than 24 h old are used to monitor the chronic toxicity of the reference toxicant
to the test fish produced by the culture unit (see Section 4, Quality Assurance).
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11.6.17.5.9   Record Keeping

11.6.17.5.9.1   Records, kept in a bound notebook, include: (l) type of food and time of feeding for all fish tanks; (2)
time of examination of the tiles for embryos, the estimated number of embryos on the tile, and the tile position
number; (3) estimated number of dead embryos and embryos with fungus observed during the embryonic
development stages; (4) source of all fish; (5) daily observation of the condition and behavior of the fish; and (6)
dates and results of reference toxicant tests performed (see Section 4, Quality Assurance).

11.7   EFFLUENT AND RECEIVING WATER COLLECTION, PRESERVATION, AND STORAGE

11.7.1   See Section 8, Effluent and Receiving Water Sampling, Sample Handling, and Sample Preparation for
Toxicity Tests.

11.8   CALIBRATION AND STANDARDIZATION 

11.8.1   See Section 4, Quality Assurance. 

11.9   QUALITY CONTROL

11.9.1   See Section 4, Quality Assurance. 

11.10   TEST PROCEDURES 

11.10.1   TEST SOLUTIONS 

11.10.1.1   Receiving Waters 

11.10.1.1.1   The sampling point is determined by the objectives of the test.  Receiving water toxicity is determined
with samples used directly as collected or after samples are passed through a 60 µm NITEX® filter and compared
without dilution, against a control.  Using four replicate chambers per test, each containing 250 mL, and 400 mL for
chemical analyses, would require approximately 1.5 L or more of sample per test per day. 

11.10.1.2  Effluents 

11.10.1.2.1   The selection of the effluent test concentrations should be based on the objectives of the study.  A
dilution factor of 0.5 is commonly used.  A dilution factor of 0.5 provides precision of ± 100%, and testing of
concentrations between 6.25% and 100% effluent using only five effluent concentrations (6.25%, 12.5%, 25%,
50%, and 100%).  Test precision shows little improvement as the dilution factor is increased beyond 0.5, and
declines rapidly if a smaller dilution factor is used.  Therefore, USEPA recommends the use of the $ 0.5 dilution
factor.

11.10.1.2.2   If the effluent is known or suspected to be highly toxic, a lower range of effluent concentrations should
be used (such as 25%, 12.5%, 6.25%, 3.12%, and 1.56%).  If a high rate of mortality is observed during the first
1 to 2 h of the test, additional dilutions should be added at the lower range of effluent concentrations.

11.10.1.2.3   The volume of effluent required for daily renewal of four replicates per concentration, each containing
250 mL of test solution, is approximately 2.5 L.  Sufficient test solution (approximately 1500 mL) is prepared at
each effluent concentration to provide 400 mL additional volume for chemical analyses at the high, medium, and
low test concentrations.  If the sample is used for more than one daily renewal of test solutions, the volume must be
increased proportionately.

11.10.1.2.4   Tests should begin as soon as possible, preferably within 24 h of sample collection.  The maximum
holding time following retrieval of the sample from the sampling device should not exceed 36 h for off-site toxicity
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tests unless permission is granted by the permitting authority.  In no case should the sample be used for the first time
in a test more than 72 h after sample collection (see Section 8, Effluent and Receiving Water Sampling, Sample
Handling, and Sample Preparation for Toxicity Tests).

11.10.1.2.5   Just prior to test initiation (approximately 1 h) the temperature of sufficient quantity of the sample to
make the test solutions should be adjusted to the test temperature and maintained at that temperature during the
addition of dilution water.

11.10.1.2.6   The DO of the test solutions should be checked prior to the test initiation.  If any of the solutions are
supersaturated with oxygen, all of the solutions and the control should be gently aerated.  If any solution has a DO
concentration below 4.0 mg/L, all of the solutions and the control must be gently aerated.

11.10.1.3   Dilution Water

11.10.1.3.1   Dilution water may be uncontaminated receiving water, a standard synthetic (reconstituted) water, or
some other uncontaminated natural water (see Section 7, Dilution Water).

11.10.2   START OF THE TEST 
 
11.10.2.1   Label the test chambers with a marking pen.  Use of color-coded tape to identify each treatment and
replicate is helpful.  A minimum of five effluent concentrations and a control are used for each effluent test.  Each
treatment (including the control) must have a minimum of four replicates.  
 
11.10.2.2   Tests performed in laboratories that have in-house fathead minnow breeding cultures should use larvae
less than 24 h old.  When eggs or larvae must be shipped to the test site from a remote location, it may be necessary
to use larvae older than 24 h because of the difficulty in coordinating test organism shipments with field operations. 
However, in the latter case, the larvae must not be more than 48 h old at the start of the test and must all be within
24 h of the same age. 

11.10.2.3   Randomize the position of test chambers at the beginning of the test (see Appendix A).  Maintain the
chambers in this configuration throughout the test.  Preparation of a position chart may be helpful.

11.10.2.4   The larvae are pooled and placed one or two at a time into each randomly arranged test chamber or
intermediate container in sequential order, until each chamber contains 15 (minimum of 10) larvae, for a total of
60 larvae (minimum of 40) for each concentration (see Appendix A).  The test organisms should come from a pool
of larvae consisting of at least three separate spawnings.  The amount of water added to the chambers when
transferring the larvae should be kept to a minimum to avoid unnecessary dilution of the test concentrations. 

11.10.2.4.1   The chambers may be placed on a light table to facilitate counting the larvae.

11.10.3   LIGHT, PHOTOPERIOD, AND TEMPERATURE

11.10.3.1   The light quality and intensity should be at ambient laboratory levels, which is approximately 10-20
µE/m2/s, or 50 to 100 foot candles (ft-c), with a photoperiod of 16 h of light and 8 h of darkness.  The water
temperature in the test chambers should be maintained at 25 ± 1oC.

11.10.4   DISSOLVED OXYGEN (DO) CONCENTRATION

11.10.4.1   Aeration may affect the toxicity of effluents and should be used only as a last resort to maintain
satisfactory DO concentrations.  The DO concentrations should be measured in the new solutions at the start of the
test (Day 0) and before daily renewal of the test solutions on subsequent days.  The DO concentrations should not
fall below 4.0 mg/L (see Section 8, Effluent and Receiving Water Sampling, Sample Handling, and Sample
Preparation for Toxicity Tests).  If it is necessary to aerate, all concentrations and the control should be aerated. 
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The aeration rate should not exceed 100 bubbles/min, using a pipet with an orifice of approximately 1.5 mm, such
as a 1-mL, KIMAX® serological pipet, or equivalent.  Care should be taken to ensure that turbulence resulting from
aeration does not cause undue physical stress to the fish. 

11.10.5   FEEDING 

11.10.5.1   The fish in each test chamber are fed 0.1 g (approximately 700 to 1000) of a concentrated suspension of
newly hatched (less than 24-h old) brine shrimp nauplii three times daily at 4-h intervals or, as a minimum, 0.15 g
are fed twice daily at an interval of 6 h.  Equal amounts of nauplii must be added to each replicate chamber to
reduce variability in larval weight.  Sufficient numbers of nauplii should be provided to assure that some remain
alive in the test chambers for several hours, but not in excessive amounts which will result in depletion of DO below
acceptable levels (below 4.0 mg/L).

11.10.5.2   The feeding schedule will depend on when the test solutions are renewed.  If the test is initiated after
12:00 PM, the larvae may be fed only once the first day.  On following days, the larvae normally would be fed at
the beginning of the work day, at least 2 h before test solution renewal, and at the end of the work day, after test
solution renewal.  However, if the test solutions are changed at the beginning of the work day, the first feeding
would be after test solution renewal in the morning, and the remaining feeding(s) would be at the appropriate
intervals.  The larvae are not fed during the final 12 h of the test.

11.10.5.3   The nauplii should be rinsed with freshwater to remove salinity before use (see USEPA, 2002a).  At
feeding time pipette about 5 mL (5 g) of concentrated newly hatched brine shrimp nauplii into a 120 mesh nylon net
or plastic cup with nylon mesh bottom.  Slowly run freshwater through the net or rinse by immersing the cup in a
container of fresh water several times.  Resuspend the brine shrimp in 10 mL of fresh water in a 30 mL beaker or
simply set the cup of washed brine shrimp in ¼ inch of fresh water so that the cup contains about 10 mL of water. 
Allow the container to set for a minute or two to allow dead nauplii and empty cysts to settle or float to the surface
before collecting the brine shrimp from just below the surface in a pipette for feeding.  Distribute 2 drops (0.1 g) of
the brine shrimp to each test chamber.  If the survival rate in any test chamber falls below 50%, reduce the feeding
in that chamber to 1 drop of brine shrimp at each subsequent feeding.

11.10.6   OBSERVATIONS DURING THE TEST 

11.10.6.1   Routine Chemical and Physical Determinations

11.10.6.1.1   DO is measured at the beginning and end of each 24-h exposure period in at least one test chamber at
each test concentration and in the control.

11.10.6.1.2   Temperature and pH are measured at the end of each 24-h exposure period in at least one test chamber
at each test concentration and in the control.  Temperature should also be monitored continuously or observed and
recorded daily for at least two locations in the environmental control system or the samples.  Temperature should be
measured in a sufficient number of test vessels at least at the end of the test to determine the temperature variation in
the environmental chamber.

11.10.6.1.3   The pH is measured in the effluent sample each day before new test solutions are made.

11.10.6.1.4   Conductivity, alkalinity and hardness are measured in each new sample (100% effluent or receiving
water) and in the control.

11.10.6.1.5   Record all the measurements on the data sheet (Figure 1)
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11.10.6.2   Routine Biological Observations

11.10.6.2.1   The number of live larvae in each test chamber are recorded daily (Figure 2) , and the dead larvae are
discarded.

11.10.6.2.2    Protect the larvae from unnecessary disturbance during the test by carrying out the daily test
observations, solution renewals, and removal of dead larvae, carefully.  Make sure the larvae remain immersed
during the performance of these operations.
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Discharger: Test Dates:

Location: Analyst:

Conc:
Day

1 2 3 4 5 6 7 Remarks
Temp.
D.O. Initial

Final
pH Initial

Final
Alkalinity
Hardness
Conductivity
Chlorine

Conc:
Day

1 2 3 4 5 6 7 Remarks
Temp.
D.O. Initial

Final
pH Initial

Final
Alkalinity
Hardness
Conductivity
Chlorine

Conc:
Day

1 2 3 4 5 6 7 Remarks
Temp.
D.O. Initial

Final
pH Initial

Final
Alkalinity
Hardness
Conductivity
Chlorine

Figure 1. Data form for the fathead minnow, Pimephales promelas, larval survival and growth test.  Routine
chemical and physical determinations.
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Discharger: Test Dates:

Location: Analyst:

Conc:
Day

1 2 3 4 5 6 7 Remarks
Temp.
D.O. Initial

Final
pH Initial

Final
Alkalinity
Hardness
Conductivity
Chlorine

Conc:
Day

1 2 3 4 5 6 7 Remarks
Temp.
D.O. Initial

Final
pH Initial

Final
Alkalinity
Hardness
Conductivity
Chlorine

Conc:
Day

1 2 3 4 5 6 7 Remarks
Temp.
D.O. Initial

Final
pH Initial

Final
Alkalinity
Hardness
Conductivity
Chlorine

Figure 1. Data form for the fathead minnow, Pimephales promelas, larval survival and growth test.  Routine
chemical and physical determinations (CONTINUED).
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Discharger: Test Dates:

Location: Analyst:

No. Surviving Organisms
Conc: Rep. No. Day
Control: 1 2 3 4 5 6 7 Remarks

Conc:

Conc:

Conc:

Conc:

Conc:

Conc:

Conc:

Comments:

Figure 2. Survival data for the fathead minnow, Pimephales promelas, larval survival and growth test.
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11.10.7   DAILY CLEANING OF TEST CHAMBERS

11.10.7.1   Before the daily renewal of test solutions, uneaten and dead Artemia, dead fish larvae, and other debris
are removed from the bottom of the test chambers with a siphon hose.  Alternately, a large pipet (50 mL) fitted with
a rubber bulb can be used.  Because of their small size during the first few days of the tests, larvae are easily drawn
into the siphon tube or pipet when cleaning the test chambers.  By placing the test chambers on a light box,
inadvertent removal of larvae can be greatly reduced because they can be more easily seen.  If the water siphoned
from the test chambers is collected in a white plastic tray, the larvae caught up in the siphon can be retrieved and
returned to the chambers.  Any incidence of removal of live larvae from the test chambers during cleaning, and
subsequent return to the chambers, should be noted in the records. 

11.10.8   TEST SOLUTION RENEWAL

11.10.8.1   Freshly prepared solutions are used to renew the tests daily immediately after cleaning the test chambers. 
For on-site toxicity studies, fresh effluent or receiving water samples should be collected daily, and no more than 24
h should elapse between collection of the samples and their use in the tests (see Section 8, Effluent and Receiving
Water Sampling, Sample Holding, and Sample Preparation for Toxicity Tests).  For off-site tests, a  minimum of
three samples are collected, preferably on days one, three, and five.  Maintain the samples in the refrigerator at 0-
6oC until used.

11.10.8.2   For test solution renewal, the water level in each chamber is lowered to a depth of 7 to 10 mm, which
leaves 15 to 20% of the test solution.  New test solution (250 mL) should be added slowly by pouring down the side
of the test chamber to avoid excessive turbulence and possible injury to the larvae. 

11.10.9   TERMINATION OF THE TEST 

11.10.9.1   The test is terminated after seven days of exposure.  At test termination, dead larvae are removed and
discarded.  The surviving larvae in each test chamber (replicate) are counted and immediately prepared as a group
for dry weight determination, or are preserved as a group in 70% ethanol or 4% formalin.  Preserved organisms are
dried and weighed within 7 days.  For safety, formalin should be used under a hood.

11.10.9.2   For immediate drying and weighing, place live larvae onto a 500 µm mesh screen in a large beaker to
wash away debris that might contribute to the dry weight.  Each group of larvae is rinsed with deionized water to
remove food particles, transferred to a tared weighing boat that has been properly labeled, and dried at 60oC, for 24
h or at 100oC for a minimum of 6 h.  Immediately upon removal from the drying oven, the weighing boats are
placed in a dessicator until weighed, to prevent the absorption of moisture from the air.  All weights should be
measured to the nearest 0.01 mg and recorded on data sheets (Figure 3).  Subtract tare weight to determine the dry
weight of the larvae in each replicate.  For each test chamber, divide the final dry weight by the number of original
larvae in the test chamber to determine the average individual dry weight and record on the data sheet (Figure 3). 
For the controls, also calculate the mean weight per surviving fish in the test chamber to evaluate if weights met test
acceptability criteria (See Section 11.11).  Average weights should be expressed to the nearest 0.001 mg.

11.10.9.3   Prepare a summary table as illustrated in Figure 4.

11.11   SUMMARY OF TEST CONDITIONS AND TEST ACCEPTABILITY CRITERIA

11.11.1   A summary of test conditions and test acceptability criteria is presented in Table 1.
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Discharger:                         Test Dates:                     

Location:                                Analyst:                 

TREATMENT CONTROL

NO. LIVE LARVAE

SURVIVAL
(%)

MEAN DRY WGT
OF LARVAE (MG)

± SD

TEMPERATURE
RANGE (EC)

DISSOLVED
OXYGEN RANGE

  (MG/L)

HARDNESS

CONDUCTIVITY

COMMENTS:

Figure 4. Summary data for the fathead minnow, Pimephales promelas, larval survival and growth test.  
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TABLE 1. SUMMARY OF TEST CONDITIONS AND TEST ACCEPTABILITY CRITERIA FOR
FATHEAD MINNOW, PIMEPHALES PROMELAS, LARVAL SURVIVAL AND GROWTH
TOXICITY TESTS WITH EFFLUENTS AND RECEIVING WATERS (TEST METHOD
1000.0)1

1. Test type: Static renewal (required)
 

2. Temperature (oC): 25 ± 1oC (recommended)
Test temperatures must not deviate (i.e., maximum minus
minimum temperature) by more than 3oC during the test
(required)

 
3. Light quality: Ambient laboratory illumination (recommended)

 
4. Light intensity: 10-20 µE/m2/s (50-100 ft-c)(ambient laboratory levels)

(recommended)
 

5. Photoperiod: 16 h light, 8 h darkness (recommended)
 

6. Test chamber size: 500 mL (recommended minimum)
 

7. Test solution volume: 250 mL (recommended minimum) 
 

8. Renewal of test 
solutions: Daily (required) 

 
9. Age of test organisms: Newly hatched larvae less than 24 h old.  If shipped, not

more than 48 h old, 24 h range in age (required) 
 

10. No. larvae per test chamber: 10 (recommended) 
 

11. No. replicate chambers 
per concentration: 4 (required minimum)

 
12. No. larvae per

concentration: 40 (required minimum) 

13. Source of food: Newly hatched Artemia nauplii (less than 24 h old)
(required) 

14. Feeding regime: On days 0-6, feed 0.1 g newly hatched (less than 24-h old)
brine shrimp nauplii three times daily at 4-h intervals or, as a
minimum, 0.15 g twice daily at 6-h intervals (at the
beginning of the work day prior to renewal, and at the end of
the work day following renewal).  Sufficient nauplii are
added to provide an excess.  (recommended)

1 For the purposes of reviewing WET test data submitted under NPDES permits, each test condition listed
above is identified as required or recommended (see Subsection 10.2 for more information on test review).
Additional requirements may be provided in individual permits, such as specifying a given test condition
where several options are given in the method.
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TABLE 1. SUMMARY OF TEST CONDITIONS AND TEST ACCEPTABILITY CRITERIA FOR
FATHEAD MINNOW, PIMEPHALES PROMELAS, LARVAL SURVIVAL AND GROWTH
TOXICITY TESTS WITH EFFLUENTS AND RECEIVING WATERS (TEST METHOD
1000.0) (CONTINUED)

                                                                            
15. Cleaning: Siphon daily, immediately before test solution renewal (required)

16. Aeration: None, unless DO concentration falls below 4.0 mg/L.  Rate should
not exceed 100 bubbles/minimum (recommended) 

17. Dilution water: Uncontaminated source of receiving or other natural water,
synthetic water prepared using MILLIPORE MILLI-Q® or
equivalent deionized water and reagent grade chemicals, or DMW
(see Section 7, Dilution Water) (available options)

18. Test concentrations: Effluents: 5 and a control (required minimum)
Receiving Water: 100% receiving water (or minimum of 5) and a
control (recommended) 

19. Dilution factor: Effluents:  $ 0.5 (recommended) 
Receiving waters:  None or $ 0.5 (recommended) 

20. Test duration: 7 days (required) 

21. Endpoints: Survival and growth (weight) (required) 

22. Test acceptability
criteria: 80% or greater survival in controls; average dry weight per

surviving organism in control chambers equals or exceeds 0.25 mg
(required) 

23. Sampling requirements: For on-site tests, samples collected daily, and used within 24 h of
the time they are removed from the sampling device; For off-site
tests, a minimum of three samples (e.g., collected on days one, three
and five) with a maximum holding time of 36 h before first use (see
Section 8, Effluent and Receiving Water Sampling, Sample
Handling, and Sample Preparation for Toxicity Tests, Subsection
8.5.4) (required) 

24. Sample volume required: 2.5 L/day (recommended) 
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11.12   ACCEPTABILITY OF TEST RESULTS 

11.12.1   For the test results to be acceptable, survival in the controls must be at least 80%.  The average dry weight
per surviving control larvae at the end of the test must equal or exceed 0.25 mg.

11.13   DATA ANALYSIS

11.13.1   GENERAL 

11.13.1.1   Tabulate and summarize the data.  A sample set of survival and growth response data is shown in Table
2.

TABLE 2. SUMMARY OF SURVIVAL AND GROWTH DATA FOR FATHEAD MINNOW,
PIMEPHALES PROMELAS, LARVAE EXPOSED TO A REFERENCE TOXICANT FOR
SEVEN DAYS1 

Proportion of
NaPCP Survival in Replicate Mean Avg Dry Wgt (mg) In Mean
Conc. Chambers Prop. Replicate Chambers Dry Wgt

  (µg/L) A B C D Surv A B C D (mg)

0 1.0 1.0 0.9 0.9 0.95 0.711 0.662 0.646 0.690 0.677

32 0.8 0.8 1.0 0.8 0.85 0.517 0.501 0.723 0.560 0.575

64 0.9 1.0 1.0 1.0 0.975 0.602 0.669 0.694 0.676 0.660

128 0.9 0.9 0.8 1.0 0.90 0.566 0.612 0.410 0.672 0.565

256 0.7 0.9 1.0 0.5 0.775 0.455 0.502 0.606 0.254 0.454

512 0.4 0.3 0.4 0.2 0.325 0.143 0.163 0.195 0.099 0.150

1 Four replicates of 10 larvae each.

11.13.1.2   The endpoints of toxicity tests using the fathead minnow, Pimephales promelas, larvae are based on the
adverse effects on survival and growth.  The LC50, the IC25, and the IC50 are calculated using point estimation
techniques (see Section 9, Chronic Toxicity Test Endpoints and Data Analysis).  LOEC and NOEC values for
survival and growth are obtained using a hypothesis testing approach such as Dunnett's Procedure (Dunnett, 1955)
or Steel's Many-one Rank Test (Steel, 1959; Miller, 1981) (see Section 9).  Separate analyses are performed for the
estimation of the LOEC and NOEC endpoints and for the estimation of the LC50, IC25 and IC50.  Concentrations
at which there is no survival in any of the test chambers are excluded from the statistical analysis of the NOEC and
LOEC for survival and growth, but included in the estimation of the LC50, IC25, and IC50.  See the Appendices for
examples of the manual computations, and examples of data input and program output. 

11.13.1.3   The statistical tests described here must be used with a knowledge of the assumptions upon which the
tests are contingent.  Tests for normality and homogeneity of variance are included in Appendix B.  The assistance
of a statistician is recommended for analysts who are not proficient in statistics. 
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11.13.2   EXAMPLE OF ANALYSIS OF FATHEAD MINNOW, PIMEPHALES PROMELAS, SURVIVAL
DATA

11.13.2.1   Formal statistical analysis of the survival data is outlined in Figures 5 and 6.  The response used in the
analysis is the proportion of animals surviving in each test or control chamber.  Separate analyses are performed for
the estimation of the NOEC and LOEC endpoints and for the estimation of the LC50, EC50, and IC endpoints. 
Concentrations at which there is no survival in any of the test chambers are excluded from statistical analysis of the
NOEC and LOEC, but included in the estimation of the IC, EC,  and LC endpoints.

11.13.2.2  For the case of equal numbers of replicates across all concentrations and the control, the evaluation of the
NOEC and LOEC endpoints is made via a parametric test, Dunnett's Procedure, or a nonparametric test, Steel's
Many-one Rank Test, on the arc sine square root transformed data.  Underlying assumptions of Dunnett's
Procedure, normality and homogeneity of variance, are formally tested.  The test for normality is the Shapiro-Wilk's
Test, and Bartlett's Test is used to test for homogeneity of variance.  If either of these tests fails, the nonparametric
test, Steel's Many-one Rank Test, is used to determine the NOEC and LOEC endpoints.  If the assumptions of
Dunnett's Procedure are met, the endpoints are estimated by the parametric procedure.

11.13.2.3   If unequal numbers of replicates occur among the concentration levels tested, there are parametric and
nonparametric alternative analyses.  The parametric analysis is a t test with the Bonferroni adjustment (see
Appendix D).  The Wilcoxon Rank Sum Test with the Bonferroni adjustment is the nonparametric alternative (see
Appendix F).

11.13.2.4   Probit Analysis (Finney, 1971; see Appendix I) is used to estimate the concentration that causes a
specified percent decrease in survival from the control.  In this analysis, the total mortality data from all test
replicates at a given concentration are combined.  If the data do not fit the Probit analysis, the Spearman-Karber
Method, the Trimmed Spearman-Karber Method, or the Graphical Method may be used (see Appendices I-L).
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Figure 5. Flowchart for statistical analysis of the fathead minnow, Pimephales promelas, larval survival data by
hypothesis testing.
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Figure 6. Flowchart for statistical analysis of the fathead minnow, Pimephales promelas, larval survival data by
point estimation. 
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     TABLE 3.  FATHEAD MINNOW, PIMEPHALES PROMELAS, SURVIVAL DATA

NaPCP Concentration (µg/L)
Replicate Control 32 64 128 256 512 

 
A 1.0 0.8 0.9 0.9 0.7 0.4 

 RAW B 1.0 0.8 1.0 0.9 0.9 0.3 
C 0.9 1.0 1.0 0.8 1.0 0.4 
D 0.9 0.8 1.0 1.0 0.5 0.2 

 
 ARC SINE A 1.412 1.107 1.249 1.249 0.991 0.685 
 TRANS- B 1.412 1.107 1.412 1.249 1.249 0.580 
 FORMED C 1.249 1.412 1.412 1.107 1.412 0.685 

D 1.249 1.107 1.412 1.412 0.785 0.464 
    
Mean( ) 1.330 1.183 1.371 1.254 1.109 0.604 Ȳi
Si

2 0.0088 0.0232 0.0066 0.0155 0.0768 0.0111
i 1 2 3 4 5 6

11.13.2.5   Example of Analysis of Survival Data 

11.13.2.5.1   This example uses the survival data from the Fathead Minnow Larval Survival and Growth Test (Table
2).  The proportion surviving in each replicate must first be transformed by the arc sine square root transformation
procedure described in Appendix B.  The raw and transformed data, means and variances of the transformed
observations at each toxicant concentration and control are listed in Table 3.  A plot of the survival proportions is
provided in Figure 7.

11.13.2.6   Test for Normality

11.13.2.6.1   The first step of the test for normality is to center the observations by subtracting the mean of all
observations within a concentration from each observation in that concentration.  The centered observations are
summarized in Table 4. 

11.13.2.6.2   Calculate the denominator, D, of the statistic: 

D ' Σ
n

i'1
(Xi& X̄)2

Where: Xi = the ith centered observation 
            

X̄  = the overall mean of the centered observations 

n  = the total number of centered observations
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Figure 7.  Plot of survival proportion data in Table 3.
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TABLE 4.  CENTERED OBSERVATIONS FOR SHAPIRO-WILK'S EXAMPLE 

NaPCP Concentration (µg/L)
Replicate Control 32 64 128 256 512

A 0.082 -0.076 -0.122 -0.005 -0.118 0.081 
B 0.082 -0.076 0.041 -0.005 0.140 -0.024 
C -0.081 0.229 0.041 -0.147 0.303 0.081 
D -0.081 -0.076 0.041 0.158 -0.324 -0.140 

 

TABLE 5.  ORDERED CENTERED OBSERVATIONS FOR THE SHAPIRO-WILK'S EXAMPLE

i X(i) i X(i) 

1 -0.324 13 -0.005 
2 -0.147 14 0.041 
3 -0.140 15 0.041 
4 -0.122 16 0.041 
5 -0.118 17 0.081 
6 -0.081 18 0.081 
7 -0.081 19 0.082 
8 -0.076 20 0.082 
9 -0.076 21 0.140 

10 -0.076 22 0.158 
11 -0.024 23 0.229 
12 -0.005 24 0.303 

11.13.2.6.3   For this set of data: n  = 24 

X̄ '
1

24
(0.000) ' 0.000

D = 0.4265

11.13.2.6.4   Order the centered observations from smallest to largest 

X(1) # X(2) # ... # X(n) 

where X(i) denotes the ith ordered observation.  The ordered observations for this example are listed in Table 5. 

11.13.2.6.5   From Table 4, Appendix B, for the number of observations, n, obtain the coefficients a1, a2, ... ak where
k is n/2 if n is even and (n-1)/2 if n is odd.  For the data in this example, n = 24 and k = 12.  The ai values are listed in
Table 6.
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TABLE 6.  COEFFICIENTS AND DIFFERENCES FOR SHAPIRO-WILK'S EXAMPLE

i ai X(n-i+1) - X(i)

1 0.4493 0.627 X(24) - X(1) 
2 0.3098 0.376 X(23) - X(2) 
3 0.2554 0.298 X(22) - X(3) 
4 0.2145 0.262 X(21) - X(4) 
5 0.1807 0.200 X(20) - X(5) 
6 0.1512 0.163 X(19) - X(6) 
7 0.1245 0.162 X(18) - X(7) 
8 0.0997 0.157 X(17) - X(8) 
9 0.0764 0.117 X(16) - X(9) 

10 0.0539 0.117 X(15) - X(10) 
11 0.0321 0.065 X(14) - X(11) 
12 0.0107 0.000 X(13) - X(12) 

1.13.2.6.6   Compute the test statistic, W, as follows: 
 

W '
1
D

['k
i'1

ai(X
(n&i%1)&X (i))]

2

The differences X(n-i+1) - X(i) are listed in Table 6.  For the data in this example, 

W '
1

0.4265
(0.6444)2'0.974

11.13.2.6.7   The decision rule for this test is to compare W as calculated in Section 13.2.6.6 to a critical value
found in Table 6, Appendix B.  If the computed W is less than the critical value, conclude that the data are not
normally distributed.  For the data in this example, the critical value at a significance level of 0.01 and n = 24
observations is 0.884.  Since W = 0.974 is greater than the critical value, conclude that the data are normally
distributed. 

11.13.2.7   Test for Homogeneity of Variance 

11.13.2.7.1   The test used to examine whether the variation in mean proportion surviving is the same across all
toxicant concentrations including the control, is Bartlett's Test (Snedecor and Cochran, 1980).  The test statistic is as
follows:

B'

[('P
i'1

Vi) ln S̄ 2
& 'P

i'1
Vi lnS 2

i ]

C



85

Where:   Vi = degrees of freedom for each toxicant concentration and control, Vi = (ni - 1) 

          ni = the number of replicates for concentration i 

          ln = loge 

      i  = 1, 2, ..., p where p is the number of concentrations including the control

        S̄ 2
'

('P
i'1

ViS
2
i )

'P
i'1

Vi

         C ' 1% (3(p&1))&1['P
i'1

1
Vi

& ('P
i'1

Vi)
&1]

11.13.2.7.2   For the data in this example (see Table 3), all toxicant concentrations including the control have the
same number of replicates (ni = 4 for all i).  Thus, Vi = 3 for all i. 

11.13.2.7.3   Bartlett's statistic is therefore:  

B ' [(18)ln(0.0236)&3'P
i'1

ln(S 2
i )]/1.1296

= [18(-3.7465) - 3(-24.7516)]/1.1296 

= 6.8178/1.1296 

= 6.036 

11.13.2.7.4   B is approximately distributed as chi-square with p - 1 degrees of freedom, when the variances are in
fact the same.  Therefore, the appropriate critical value for this test (from a table of chi-square distribution), at a
significance level of 0.01 with five degrees of freedom, is 15.086.  Since B = 6.036 is less than the critical value of
15.086, conclude that the variances are not different. 

11.13.2.8   Dunnett's Procedure 

11.13.2.8.1   To obtain an estimate of the pooled variance for the Dunnett's Procedure, construct an ANOVA table
as described in Table 7.
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TABLE 7.  ANOVA TABLE

Source df Sum of Squares Mean Square(MS) 
(SS) (SS/df) 

 
Between p - 1 SSB  = SSB/(p-1) S 2

B
 

Within N - p SSW  = SSW/(N-p) S 2
W

Total N - 1 SST 

Where: p = number toxicant concentrations including the control

N = total number of observations n1 + n2 ... + np

ni = number of observations in concentration i 

Between Sum of SquaresSSB ' 'P
i'1

T 2
i /ni&G 2/N

Total Sum of SquaresSST ' 'P
i'1

'
ni

j'1
Y 2

ij &G 2/N

   Within Sum of SquaresSSW ' SST&SSB

G =   the grand total of all sample observations,   G ' 'P
i'1

Ti

Ti =   the total of the replicate measurements for concentration i 

Yij =    the jth observation for concentration i (represents the proportion surviving for toxicant concentration 
      i in test chamber j) 

11.13.2.8.2  For the data in this example: 

    n1 = n2 = n3 = n4 = n5 = n6 = 4 

N  = 24 

T1 = Y11 + Y12 + Y13 + Y14 = 5.322 
T2 = Y21 + Y22 + Y23 + Y24 = 4.733 
T3 = Y31 + Y32 + Y33 + Y34 = 5.485 
T4 = Y41 + Y42 + Y43 + Y44 = 5.017 
T5 = Y51 + Y52 + Y53 + Y54 = 4.437 
T6 = Y61 + Y62 + Y63 + Y64 = 2.414 
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TABLE 8.  ANOVA TABLE FOR DUNNETT'S PROCEDURE EXAMPLE
 

Source df Sum of Squares Mean Square(MS)
(SS) (SS/df)

Between 5 1.574 0.315 
 

Within 18 0.426 0.024 

Total 23 2.002                                 

ti '
(Ȳ1& Ȳi)

Sw (1/n1) % (1/ni)

G  = T1 + T2 + T3 + T4 + T5 + T6 = 27.408 

  
SSB ' j

P

i'1

T 2
i

ni

&
G 2

N

'
1
4

(131.495) &
(27.408)2

24
' 1.574

SST ' j
p

i'1
j
ni

j'1
Y 2

ij &
G 2

N

  
' 33.300& (27.408)2

24
' 2.000

       
 

  = 2.000 - 1.574 = 0.4260 SSW ' SST&SSB

           SB
2  = SSB/(p-1)   = 1.574/(6-1) = 0.3150 

SW
2  = SSW/(N-p) = 0.426/(24-6) = 0.024 

11.13.2.8.3   Summarize these calculations in the ANOVA table (Table 8).

11.13.2.8.4   To perform the individual comparisons, calculate the t statistic for each concentration, and control
combination as follows:

Where:  = mean proportion surviving for concentration i Ȳi
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t2 '
(1.330&1.183)

[0.155 (1/4) % (1/4)]
' 1.341

TABLE 9.  CALCULATED T VALUES

 
NaPCP Concentration (µg/L) i ti

 
32 2 1.341
64 3 -0.374

128 4 0.693
256 5 2.016
512 6 6.624

= mean proportion surviving for the control Ȳ1

SW = square root of the within mean square 

n1 = number of replicates for the control 

ni = number of replicates for concentration i. 

11.13.2.8.5   Table 9 includes the calculated t values for each concentration and control combination.  In this
example, comparing the 32 µg/L concentration with the control the calculation is as follows:

11.13.2.8.6   Since the purpose of this test is to detect a significant reduction in proportion surviving, a one-sided
test is appropriate.  The critical value for this one-sided test is found in Table 5, Appendix C.  For an overall alpha
level of 0.05, 18 degrees of freedom for error and five concentrations (excluding the control) the critical value is
2.41.  The mean proportion surviving for concentration i is considered significantly less than the mean proportion
surviving for the control if ti is greater than the critical value.  Since t6 is greater than 2.41, the 512 µg/L
concentration has significantly lower survival than the control.  Hence the NOEC and the LOEC for survival are
256 µg/L and 512 µg/L, respectively.

11.13.2.8.7   To quantify the sensitivity of the test, the minimum significant difference (MSD) that can be detected
statistically may be calculated.

MSD ' d Sw (1/n1) % (1/n)

Where: d = the critical value for Dunnett's procedure

SW = the square root of the within mean square

n = the common number of replicates at each concentration 
(this assumes equal replication at each concentration)

 n1 = the number of replicates in the control.
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11.13.2.8.8   In this example:

MSD ' 2.41(0.155) (1/4) % (1/4)

= 2.41 (0.155)(0.707)

= 0.264

11.13.2.8.9   The MSD (0.264) is in transformed units.  To determine the MSD in terms of percent survival, carry
out the following conversion. 

    1. Subtract the MSD from the transformed control mean. 

                            1.330 - 0.264 = 1.066 

    2. Obtain the untransformed values for the control mean and the difference calculated in 1. 

                         [Sine ( 1.330) ]2 = 0.943 

                         [Sine ( 1.066) ]2 = 0.766 

    3. The untransformed MSD (MSDu) is determined by subtracting the untransformed values from 2. 

                        MSDu = 0.943 - 0.766 = 0.177 

11.13.2.8.10   Therefore, for this set of data, the minimum difference in mean proportion surviving between the
control and any toxicant concentration that can be detected as statistically significant is 0.177.

11.13.2.8.11   This represents a decrease in survival of 19% from the control.
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TABLE 10.  DATA FOR PROBIT ANALYSIS

NaPCP Concentration (µg/L)

Control 32 64 128 256 512

Number Dead 2 6 1 4 9 27
Number Exposed 40 40 40 40 40 40

11.13.2.9   Calculation of the LC50 

11.13.2.9.1   The data used for the Probit Analysis is summarized in Table 10.  To perform the Probit Analysis, run
the USEPA Probit Analysis Program.  An example of the program input and output is supplied in Appendix I.

11.13.2.9.2   For this example, the chi-square test for heterogeneity was not significant, thus Probit Analysis appears
appropriate for this data.

11.13.2.9.3   Figure 8 shows the output data for the Probit Analysis of the data in Table 10 using the USEPA Probit
Program.

11.13.3   EXAMPLE OF ANALYSIS OF FATHEAD MINNOW, PIMEPHALES PROMELAS, GROWTH DATA

11.13.3.1   Formal statistical analysis of the growth data is outlined in Figure 9.  The response used in the statistical
analysis is mean weight per original organism for each replicate.  Because this measurement is based on the number
of original organisms exposed (rather than the number surviving), the measured response is a combined survival and
growth endpoint that can be termed biomass.  An IC estimate can be calculated for the growth data via a point
estimation technique (see Section 9, Chronic Toxicity Test Endpoints and Data Analysis).  Hypothesis testing can
be used to obtain the NOEC for growth.  Concentrations above the NOEC for survival are excluded from the
hypothesis test for growth effects.

11.13.3.2   The statistical analysis using hypothesis tests consists of a parametric test, Dunnett's Procedure, and a
nonparametric test, Steel's Many-one Rank Test.  The underlying assumptions of the Dunnett's Procedure, normality
and homogeneity of variance, are formally tested.  The test for normality is the Shapiro-Wilk's Test and Bartlett's
Test is used to test for homogeneity of variance.  If either of these tests fails, the nonparametric test, Steel's
Many-one Rank Test, is used to determine the NOEC and LOEC endpoints.  If the assumptions of Dunnett's
Procedure are met, the endpoints are determined by the parametric test.

11.13.3.3   Additionally, if unequal numbers of replicates occur among the concentration levels tested there are
parametric and nonparametric alternative analyses.  The parametric analysis is a t test with the Bonferroni
adjustment (see Appendix D).  The Wilcoxon Rank Sum Test with the Bonferroni adjustment is the nonparametric
alternative (see Appendix F).
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Probit Analysis of Fathead Minnow Larval Survival Data    

Proportion
Observed Responding

Number Number Proportion Adjusted for
Conc. Exposed Resp. Responding Controls

Control 40 2 0.0500 0.0000
32.0000 40 6 0.1500 0.0779
64.0000 40 1 0.0250 -.0577

128.0000 40 4 0.1000 0.0237
256.0000 40 9 0.2250 0.1593
512.0000 40 27 0.6750 0.6474

Chi - Square for Heterogeneity (calculated) = 4.522
Chi - Square for Heterogeneity 
        (Tabular value at 0.05 level) = 7.815

Probit Analysis of Fathead Minnow Larval Survival Data

Estimated LC/EC Values and Confidence Limits

                       Exposure Lower Upper
Point Conc. 95% Confidence Limits

LC/EC 1.00 127.637 34.590 195.433
LC/EC 50.00 422.696 345.730 531.024

Figure 8.  Output for USEPA Probit Analysis Program, Version 1.5
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Figure 9. Flowchart for statistical analysis of fathead minnow, Pimephales promelas, larval growth data. 
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TABLE 11.  FATHEAD MINNOW, PIMEPHALES PROMELAS, GROWTH DATA

NaPCP Concentration (µg/L)
 
Replicate Control 32 64 128 256 512

    A 0.711 0.517 0.602 0.566 0.455 -
    B 0.662 0.501 0.669 0.612 0.502 -
    C 0.646 0.723 0.694 0.410 0.606 -
    D 0.690 0.560 0.676 0.672 0.254 -

Mean( )     0.677 0.575 0.660 0.565 0.454 -Ȳi
          0.00084 0.01032 0.00162 0.01256 0.0218 -S 2

i
i 1 2 3 4 5 6

         TABLE 12.  CENTERED OBSERVATIONS FOR SHAPIRO-WILK'S EXAMPLE 

NaPCP Concentration (µg/L)
Replicate Control 32 64 128 256 

A 0.034 -0.058 -0.058 0.001 0.001
B -0.015 -0.074 0.009 0.047 0.048
C -0.031 0.148 0.034 -0.155 0.152
D 0.013 -0.015 0.016 0.107 -0.200

11.13.3.4   The data, mean and variance of the observations at each concentration including the control are listed in
Table 11.  A plot of the weight data for each treatment is provided in Figure 10.  Since there is significant mortality
in the 512 µg/L concentration, its effect on growth is not considered.

11.13.3.5   Test for Normality

11.13.3.5.1   The first step of the test for normality is to center the observations by subtracting the mean of all the
observations within a concentration from each observation in that concentration.  The centered observations are
summarized in Table 12.
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Figure 10. Plot of weight data from fathead minnow, Pimephales promelas, larval survival and growth test for point estimate testing.
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TABLE 13.  ORDERED CENTERED OBSERVATIONS FOR SHAPIRO-WILK'S EXAMPLE 

i X(i) i X(i) 

1 -0.200 11 0.009
2 -0.155 12 0.013
3 -0.074 13 0.016
4 -0.058               14 0.034
5 -0.058 15 0.034
6 -0.031 16 0.047
7 -0.015 17 0.048
8 -0.015 18 0.107
9 0.001 19 0.148

10 0.001 20 0.152

11.13.3.5.2   Calculate the denominator, D, of the test statistic:

D ' j
n

i'1
(Xi& X̄)2

Where: Xi  =  the ith centered observation 

 =  the overall mean of the centered observations X̄

n   =  the total number of centered observations 

For this set of data, n = 20

X̄ '
1
20

(0.004) ' 0.000

D = 0.1414

11.13.3.5.3   Order the centered observations from smallest to largest 

                  X(1) # X(2) # ... # X(n) 

Where X(i) is the ith ordered observation.  These ordered observations are listed in Table 13.

11.13.3.5.4   From Table 4, Appendix B, for the number of observations, n, obtain the coefficients a1, a2, ..., ak
where k is n/2 if n is even and (n-1)/2 if n is odd.  For the data in this example, n = 20 and k = 10.  The ai values are
listed in Table 14.
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TABLE 14.  COEFFICIENTS AND DIFFERENCES FOR SHAPIRO-WILK'S EXAMPLE

i ai X(n-i+1) - X(i) 

1 0.4734 0.352 X(20) - X(1) 
2 0.3211 0.303 X(19) - X(2) 
3 0.2565 0.181 X(18) - X(3) 
4 0.2085 0.106 X(17) - X(4) 
5 0.1686 0.105 X(16) - X(5) 
6 0.1334 0.065 X(15) - X(6) 
7 0.1013 0.049 X(14) - X(7) 
8 0.0711 0.031 X(13) - X(8) 
9 0.0422 0.012 X(12) - X(9) 

10 0.0140 0.008 X(11) - X(10) 

11.13.3.5.5   Compute the test statistic, W, as follows:

W '
1
D

[j
k

i'1
ai (X

(n&i%1)&X (i) )]2

the differences X(n-i+1) - X(i) are listed in Table 14.  For this set of data:

W '
1

0.1414
(0.3666)2 ' 0.9505

11.13.3.5.6   The decision rule for this test is to compare W with the critical value found in Table 6, Appendix B.  If
the computed W is less than the critical value, conclude that the data are not normally distributed.  For this example,
the critical value at a significance level of 0.01 and 20 observations (n) is 0.868.  Since W = 0.9505 is greater than
the critical value, the conclusion of the test is that the data are normally distributed.

11.13.3.6   Test for Homogeneity of Variance 

11.13.3.6.1   The test used to examine whether the variation in mean dry weight is the same across all toxicant
concentrations including the control, is Bartlett's Test (Snedecor and Cochran, 1980).  The test statistic is as follows:

B '

[(j
P

i'1
Vi) ln S̄ 2

&j
P

i'1
Vi ln S 2

i ]

C

Where: Vi = degrees of freedom for each toxicant concentration and control,  Vi = (ni - 1)

ni = the number of replicates for concentration i.
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ln = loge 

i = 1, 2, ..., p where p is the number of concentrations including the control

 S̄ 2
'

(j
P

i'1
Vi S

2
i )

j
P

i'1
Vi

          C ' 1% (3(p&1))&1[j
P

i'1
1/Vi& (j

P

i'1
Vi)

&1]

11.13.3.6.2   For the data in this example, (see Table 11) all toxicant concentrations including the control have the
same number of replicates (ni = 4 for all i).  Thus, Vi = 3 for all i.

11.13.3.6.3   Bartlett's statistic is therefore:

B ' [ (15) ln(0.00947)&3j
P

i'1
ln(S 2

i )] /1.133

 = [15(-5.9145) - 3(-26.2842]/1.133 

= 8.8911/1.133 

= 7.847 

11.13.3.6.4   B is approximately distributed as chi-square with p - 1 degrees of freedom, when the variances are in
fact the same.  Therefore, the appropriate critical value for this test, at a significance level of 0.01 with four degrees
of freedom, is 13.277.  Since B = 7.847 is less than the critical value of 13.277, conclude that the variances are not
different.

11.13.3.7   Dunnett's Procedure

11.13.3.7.1   To obtain an estimate of the pooled variance for the Dunnett's Procedure, construct an ANOVA table
as described in Table 15.
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TABLE 15.  ANOVA TABLE
 

Source df Sum of Squares Mean Square(MS)
(SS) (SS/df)

   
Between p - 1 SSB  = SSB/(p-1)S 2

B
    

Within N - p SSW  = SSW/(N-p)S 2
W

Total N - 1 SST

 

Where: p = number toxicant concentrations including the control 

N = total number of observations n1 + n2 ... + np 

ni = number of observations in concentration i 

Between Sum of SquaresSSB ' j
P

i'1
T 2

i /ni&G 2/N

Total Sum of SquaresSST ' 'P
i'1

'
ni

j'1
Y 2

ij &G 2/N

Within Sum of Squares SSW ' SST&SSB

G = the grand total of all sample observations, G ' j
P

i'1
Ti

Ti = the total of the replicate measurements for concentration i

Yij = the jth observation for concentration i (represents the mean dry weight of the fish for toxicant
concentration i in test chamber j) 

11.13.3.7.2   For the data in this example:

n1 = n2 = n3 = n4 = n5 = 4 

N = 20 

T1 = Y11 + Y12 + Y13 + Y14 = 2.709 
T2 = Y21 + Y22 + Y23 + Y24 = 2.301 
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TABLE 16.  ANOVA TABLE FOR DUNNETT'S PROCEDURE EXAMPLE

Source df Sum of Squares Mean Square(MS)
(SS) (SS/df)

Between 4 0.1270 0.0318

Within 15 0.1417 0.0094

Total 19 0.2687

T3 = Y31 + Y32 + Y33 + Y34 = 2.641 
T4 = Y41 + Y42 + Y43 + Y44 = 2.260 
T5 = Y51 + Y52 + Y53 + Y54 = 1.817 
G = T1 + T2 + T3 + T4 + T5 = 11.728

SSB ' j
P

i'1
T 2

i /ni&G 2/N

'
1
4

(28.017) &
(11.728)2

20
' 0.1270

    SST ' 'P
i'1

'
ni

j'1
Y 2

ij &G 2/N

' 7.146 &
(11.728)2

20
' 0.2687

  = 0.2687 - 0.1270 = 0.1417 SSW ' SST&SSB

SB
2 = SSB/(p-1) = 0.1270/(5-1)   = 0.0318

                     
SW

2 = SSW/(N-p) = 0.041/(20-5)  = 0.0094 

11.13.3.7.3   Summarize these calculations in the ANOVA table (Table 16).

11.13.3.7.4  To perform the individual comparisons, calculate the t statistic for each concentration, and control
combination as follows: 

ti '
(Ȳ1& Ȳi)

Sw (1/n1)% (1/ni)

Where:  = mean dry weight for toxicant concentration iȲi
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  = mean dry weight for the controlȲ1

SW = square root of the within mean square

n1 = number of replicates for the control

ni = number of replicates for concentration i.

11.13.3.7.5   Table 17 includes the calculated t values for each concentration and control combination.  In this example,
comparing the 32 µg/L concentration with the control the calculation is as follows:

t2 '
(0.677&0.575)

[0.097 (1/4)% (1/4)]
' 1.487

TABLE 17.  CALCULATED T VALUES  

NaPCP
Concentration i ti

(µg/L)

32 2 1.487
64 3 0.248

128 4 1.632
256 5 3.251

11.13.3.7.6   Since the purpose of this test is to detect a significant reduction in mean weight, a one-sided test is
appropriate.  The critical value for this one-sided test is found in Table 5, Appendix C.  For an overall alpha level of
0.05, 15 degrees of freedom for error and four concentrations (excluding the control) the critical value is 2.36.  The
mean weight for concentration "i" is considered significantly less than the mean weight for the control if ti is greater
than the critical value.  Since t5 is greater than 2.36, the 256 µg/L concentration had significantly lower growth than
the control.  Hence the NOEC and the LOEC for growth are 128 µg/L and 256 µg/L, respectively.

11.13.3.7.7   To quantify the sensitivity of the test, the minimum significant difference (MSD) that can be
statistically detected may be calculated:

MSD ' d Sw (1/n1) % (1/n)

Where: d = the critical value for the Dunnett's Procedure

SW = the square root of the within mean square

n = the common number of replicates at each concentration 
(this assumes equal replication at each concentration) 

n1 = the number of replicates in the control. 
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11.13.3.7.8   In this example:

MSD ' 2.36(0.052) (1/4) % (1/4)

= 2.36 (0.097) (0.707)

= 0.162

11.13.3.7.9   Therefore, for this set of data, the minimum difference that can be detected as statistically significant is
0.162 mg. 

11.13.3.7.10   This represents a 24% reduction in mean weight from the control.

11.13.3.8   Calculation of the IC

11.13.3.8.1   The growth data in Table 2 modified to be mean weights per original number of fish are utilized in this
example.  As seen in Table 2 and Figure 11, the observed means are not monotonically non-increasing with respect
to concentration (the mean response for each higher concentration is not less than or equal to the mean response for
the previous concentration, and the responses between concentrations do not follow a linear trend).  Therefore, the
means are smoothed prior to calculating the IC.  In the following discussion, the observed means are represented by

 and the smoothed means by Mi.Ȳi

11.13.3.8.2   Starting with the control mean,  = 0.677, we see that  > .  Set M1 =   Comparing  to ,Ȳ1 Ȳ1 Ȳ2 Ȳ1 Ȳ2 Ȳ3
< . Ȳ2 Ȳ3

11.13.3.8.3   Calculate the smoothed means:

                  M2 = M3 = ( + )/2 = 0.618Ȳ2 Ȳ3
                                                  
11.13.3.8.4   For the remaining observed means,  M3 >  >  > .  Thus, M4 becomes , M5 becomes  etc.,Ȳ4 Ȳ5 Ȳ6 Ȳ4 Ȳ5
for the remaining concentrations.  Table 18 contains the smoothed means, and Figure 11 provides a plot of the
smoothed concentration response curve.
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Figure 11.  Plot of raw data, observed means, and smoothed means for the fathead minnow, Pimephales promelas, growth data in Tables 2 and 18.
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TABLE 18. FATHEAD MINNOW, PIMEPHALES PROMELAS, MEAN GROWTH RESPONSE AFTER
SMOOTHING

NaPCP Response Smoothed
Conc i means, means, MiȲi

(µg/L) (mg) (mg)

Control 1 0.677 0.677
32 2 0.575 0.618
64 3 0.660 0.618

128 4 0.565 0.565
256 5 0.454 0.454
512 6 0.150 0.150

11.13.3.8.5   An IC25 and an IC50 can be estimated using the Linear Interpolation Method.  A 25% reduction in
weight, compared to the controls, would result in a mean dry weight of 0.508 mg, where M1(1 - p/100) = 0.677(1 -
25/100).  A 50% reduction in weight, compared to the controls, would result in a mean weight of 0.339 mg, where
M1(1 - p/100) = 0.677(1 - 50/100).  Examining the smoothed means and their associated concentrations (Table 18),
the response 0.508 mg is bracketed by C4 = 128 µg/L and C5 = 256 µg/L.  For the 50% reduction (0.339 mg), the
response (0.339 µg) is bracketed by C5 = 256 µg/L and C6 = 512 µg/L.

11.13.3.8.6   Using the equation in Section 4.2 from Appendix M, the estimate of the IC25 is calculated as follows:

 

 ICp ' Cj%[M1(1&p/100)&Mj]
(C(j%1)&Cj)
(M(j%1)&Mj)

IC25 ' 128%[0.677(1&25/100)&0.565] (256&128)
(0.454&0.565)

= 194 µg/L

11.13.3.8.7   Using the equation in Section 4.2 of Appendix M the estimate of the IC50 is calculated as follows:

 

 ICp ' Cj%[M1(1&p/100)&Mj]
(C(j%1)&Cj)
(M(j%1)&Mj)

IC50 ' 256%[0.677(1&50/100)&0.454] (512&256)
(0.150&0.454)

= 353 µg/L



104

Conc. ID 1 2 3 4 5 6

Conc. Tested 0 32 64 128 256 512

Response 1 0.711 0.517 0.602 0.566 0.455 0.143
Response 2 0.662 0.501 0.669 0.612 0.502 0.163
Response 3 0.646 0.723 0.694 0.410 0.606 0.195
Response 4 0.690 0.560 0.676 0.672 0.254 0.099

*** Inhibition Concentration Percentage Estimate ***
Toxicant/Effluent: NaPCP
Test Start Date: Example   Test Ending Date: 
Test Species: Fathead minnows
Test Duration:             7-d
DATA FILE: fhmanual.icp
OUTPUT FILE: fhmanual.i25

Conc. Number Concentration Response Std. Pooled
ID Replicates µg/l Means Dev. Response Means
1 4 0.000 0.677 0.029 0.677
2 4 32.000 0.575 0.102 0.618
3 4 64.000 0.660 0.040 0.618
4 4 128.000 0.565 0.112 0.565
5 4 256.000 0.454 0.148 0.454
6 4 512.000 0.150 0.040 0.150

The Linear Interpolation Estimate:   193.9503   Entered P Value: 25

Number of Resamplings:   80
The Bootstrap Estimates Mean: 186.4935 Standard Deviation:    52.6094
Original Confidence Limits:   Lower:   107.0613 Upper:   285.6449
Expanded Confidence Limits:   Lower:    54.9278 Upper:   340.6617
Resampling time in Seconds:     1.81  Random Seed: 1272173518

Figure 12.  ICPIN program output for the IC25.

11.13.3.8.8   When the ICPIN program was used to analyze this set of data, requesting 80 resamples, the estimate of
the IC25 was 193.9503 µg/L.  The empirical 95% confidence interval for the true mean was (54.9278 µg/L,
340.6617 µg/L).  The computer program output for the IC25 for this data set is shown in Figure 12.

11.13.3.8.9   When the ICPIN program was used to analyze this set of data for the IC50, requesting 80 resamples,
the estimate of the IC50 was 353.2884 µg/L.  The empirical 95% confidence interval for the true mean was
208.4723 µg/L and 418.5276 µg/L.  The computer program output is shown in Figure 13.
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Conc. ID 1 2 3 4 5 6

Conc. Tested 0 32 64 128 256 512

Response  1 0.711 0.517 0.602 0.566 0.455 0.143
Response  2 0.662 0.501 0.669 0.612 0.502 0.163
Response  3 0.646 0.723 0.694 0.410 0.606 0.195
Response  4 0.690 0.560 0.676 0.672 0.254 0.099

*** Inhibition Concentration Percentage Estimate ***
Toxicant/Effluent: NaPCP
Test Start Date: Example   Test Ending Date: 
Test Species: Fathead minnows
Test Duration:             7-d
DATA FILE: fhmanual.icp
OUTPUT FILE: fhmanual.i50

Conc. Number Concentration Response Std. Pooled
ID Replicates µg/l Means Dev. Response Means

1 4 0.000 0.677 0.029 0.677
2 4 32.000 0.575 0.102 0.618
3 4 64.000 0.660 0.040 0.618
4 4 128.000 0.565 0.112 0.565
5 4 256.000 0.454 0.148 0.454
6 4 512.000 0.150 0.040 0.150

The Linear Interpolation Estimate:   353.2884   Entered P Value: 50

Number of Resamplings:   80
The Bootstrap Estimates Mean: 345.1108 Standard Deviation:    37.0938
Original Confidence Limits:   Lower:   262.7783 Upper:   394.0629
Expanded Confidence Limits:   Lower:   208.4723 Upper:   418.5276
Resampling time in Seconds:     1.87  Random Seed: 1126354766

Figure 13.  ICPIN program output for the IC50.
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TABLE 19. PRECISION OF THE FATHEAD MINNOW, PIMEPHALES PROMELAS, LARVAL SURVIVAL
AND GROWTH TEST, USING NAPCP AS A REFERENCE TOXICANT1,2

Chronic
NOEC LOEC Value 

Test (µg/L) (µg/L) (µg/L)

1 256 512 362
2 128 256 181
3 256 512 362
4 128 256 181
5 128 256 181

         n: 5 5 5
      Mean: NA NA 253.4

1  From Pickering, 1988.
2  For a discussion of the precision of data from chronic toxicity tests,
   (see Section 4, Quality Assurance). 

11.14   PRECISION AND ACCURACY

11.14.1   PRECISION – Data on single-laboratory and multilaboratory precision are described below (Subsections
11.14.1.1 and 11.14.1.2).  Single-laboratory precision is a measure of the reproducibility of test results when tests
are conducted using a specific method under reasonably constant conditions in the same laboratory.  Single-
laboratory precision is synonymous with the terms within-laboratory precision and intralaboratory precision. 
Multilaboratory precision is a measure of the reproducibility of test results from different laboratories using the
same test method and analyzing the same test material.  Multilaboratory precision is synonymous with the term
interlaboratory precision.  Interlaboratory precision, as used in this document, includes both within-laboratory and
between-laboratory components of variability.  In recent multilaboratory studies, these two components of
interlaboratory precision have been displayed separately (termed within-laboratory and between-laboratory
variability) and combined (termed total interlaboratory variability).  The total interlaboratory variability that is
reported from these studies is synonymous with interlaboratory variability reported from other studies where
individual variability components are not separated.

11.14.1.1   Single-Laboratory Precision

11.14.1.1.1   Information on the single-laboratory precision of the fathead minnow larval survival and growth test is
presented in Table 19.  The range of NOECs was only two concentration intervals, indicating good precision.

11.14.1.1.2   EPA evaluated within-laboratory precision of the Fathead Minnow, Pimephales promelas, Larval
Survival and Growth Test using a database of routine reference toxicant test results from 19 laboratories (USEPA,
2000b).  The database consisted of 205 reference toxicant tests conducted in 19 laboratories using a variety of
reference toxicants including: cadmium, chromium, copper, potassium chloride, sodium chloride, sodium
pentachlorophenate, and sodium dodecyl sulfate.  Among the 19 laboratories, the median within-laboratory CV
calculated for routine reference toxicant tests was 26% for the IC25 growth endpoint.  In 25% of laboratories, the
within-laboratory CV was less than 21%; and in 75% of laboratories, the within-laboratory CV was less than 38%. 
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11.14.1.2   Multilaboratory Precision

11.14.1.2.1   A multilaboratory study of Method 1000.0 described in the first edition of this manual (USEPA,
1985e), was performed using seven blind samples over an eight month period (DeGraeve et. al., 1988).  In this
study, each of the 10 participating laboratories was to conduct two tests simultaneous with each sample, each test
having two replicates of 10 larvae for each of five concentrations and the control.  Of the 140 tests planned, 135
were completed.  Only nine of the 135 tests failed to meet the acceptance criterion of 80% survival in the controls. 
Of the 126 acceptable survival NOECs reported, an average of 41% were median values, and 89% were within one
concentration interval of the median (Table 20).  For the growth (weight) NOECs, an average of 32% were at the
median, and 84% were within one concentration interval of the median (Table 21).  Using point estimate techniques,
the precision (CV) of the IC50 was 19.5% for the survival data and 19.8% for the growth data.  If the mean weight
acceptance criterion of 0.25 mg for the surviving control larvae, which is included in this revised edition of the
method, had applied to the test results of the interlaboratory study, one third of the 135 tests would have failed to
meet the test criteria (Norberg-King, personal communication and 1989 memorandum; DeGraeve et al., 1991). 

11.14.1.2.2   In 2000, EPA conducted an interlaboratory variability study of the Fathead Minnow, Pimephales
promelas, Larval Survival and Growth Test (USEPA, 2001a; USEPA, 2001b).  In this study, each of 27 participant
laboratories tested 3 or 4 blind test samples that included some combination of blank, effluent, reference toxicant,
and receiving water sample types.  The blank sample consisted of moderately-hard synthetic freshwater, the effluent
sample was a municipal wastewater spiked with KCl, the receiving water sample was a river water spiked with KCl,
and the reference toxicant sample consisted of moderately-hard synthetic freshwater spiked with KCl.  Of the 101
Fathead Minnow Larval Survival and Growth tests conducted in this study, 98.0% were successfully completed and
met the required test acceptability criteria.  Of 24 tests that were conducted on blank samples, none showed false
positive results for survival endpoints, and only one resulted in false positive results for the growth endpoint,
yielding a false positive rate of 4.35%.  Results from the reference toxicant, effluent, and receiving water sample
types were used to calculate the precision of the method.  Table 22 shows the precision of the IC25 for each of these
sample types.  Averaged across sample types, the total interlaboratory variability (expressed as a CV%) was 20.9%
for IC25 results.  Table 23 shows the frequency distribution of survival and growth NOEC endpoints for each
sample type.  For the survival endpoint, NOEC values spanned four concentrations for the reference toxicant sample
type and two concentrations for the effluent and receiving water sample types.  The percentage of values within one
concentration of the median was 97.2%, 100%, and 100% for the reference toxicant, effluent, and receiving water
sample types, respectively.  For the growth endpoint, NOEC values spanned five concentrations for the reference
toxicant sample type and four concentrations for the effluent and receiving water sample types.  The percentage of
values within one concentration of the median was 86.1%, 91.7%, and 76.9% for the reference toxicant, effluent,
and receiving water sample types, respectively.    

11.14.2   ACCURACY 

11.14.2.1   The accuracy of toxicity tests cannot be determined.
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TABLE 20. COMBINED FREQUENCY DISTRIBUTION FOR SURVIVAL NOECs FOR ALL
LABORATORIES1

NOEC Frequency (%) Distribution

Tests with Two Reps Tests with Four Reps
Sample Median  ± 12   > 23 Median  ± 12  > 23

1. Sodium Pentachlorophenate (A) 35 53 12 57 29 14 

2. Sodium Pentachlorophenate (B) 42 42 16 56 44 0 

3. Potassium Dichromate (A) 47 47 6 75 25 0 

4. Potassium Dichromate (B) 41 41 18 50 50 0 

5. Refinery Effluent 301 26 68 6 78 22 0 

6. Refinery Effluent 401 37 53 10 56 44 0 

7. Utility Waste 501 56 33 11 56 33 11 

1  From DeGraeve et al., 1988. 
2  Percent of values at one concentration interval above or below the median.  Adding this percentage to the percent 

of values at the median yields the percent of values within one concentration interval of the median.
3 Percent of values two or more concentration intervals above or below the median.
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TABLE 21. COMBINED FREQUENCY DISTRIBUTION FOR WEIGHT NOECs FOR ALL
LABORATORIES1

NOEC Frequency (%) Distribution

Tests with Two Reps Tests with Four Reps
Sample Median  ± 12   > 23 Median  ± 12   > 23  

1. Sodium Pentachlorophenate (A) 59 41 0 57 43 0

2. Sodium Pentachlorophenate (B) 37 63 0 22 45 33

3. Potassium Dichromate (A) 35 47 18 88 0 12

4. Potassium Dichromate (B) 12 47 41 63 25 12

5. Refinery Effluent 301 35 53 12 75 25 0

6. Refinery Effluent 401 37 47 16 33 56 11

7. Utility Waste 501 11 61 28 33 56 11

1   From DeGraeve et al., 1988.
2   Percent of values at one concentration interval above or below the median.  Adding this percentage to the

percent of values at the median yields the percent of values within one concentration interval of the median.
3  Percent of values two or more concentration intervals above or below the median.



110

TABLE 22.  PRECISION OF POINT ESTIMATES FOR VARIOUS SAMPLE TYPES1

Test Endpoint Sample Type
CV (%)2

Within-lab3 Between-lab4 Total5

IC25 Reference toxicant 10.0 17.2 19.9

Effluent 19.1 12.9 23.1

Receiving water - - 19.8

Average 14.6 15.0 20.9

1 From EPA’s WET Interlaboratory Variability Study (USEPA, 2001a; USEPA, 2001b).
2 CVs were calculated based on the within-laboratory component of variability, the between-laboratory

component of variability, and total interlaboratory variability (including both within-laboratory and between-
laboratory components).  For the receiving water sample type, within-laboratory and between-laboratory
components of variability could not be calculated since the study design did not provide within-laboratory
replication for this sample type.

3 The within-laboratory component of variability for duplicate samples tested at the same time in the same
laboratory.

4 The between-laboratory component of variability for duplicate samples tested at different laboratories..
5 The total interlaboratory variability, including within-laboratory and between-laboratory components of

variability.  The total interlaboratory variability is synonymous with interlaboratory variability reported from
other studies where individual variability components are not separated. 
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TABLE 23. FREQUENCY DISTRIBUTION OF HYPOTHESIS TESTING RESULTS FOR VARIOUS
SAMPLE TYPES1

Test Endpoint Sample Type
Median
NOEC
Value

% of Results at
the Median

% of Results
±12

% of Results 
$23

Survival NOEC Reference toxicant 50% 75.0 22.2 2.78

Effluent 12.5% 76.9 23.1 0.00

Receiving water 25% 69.2 30.8 0.00

Growth 
NOEC Reference toxicant 50% 58.3 27.8 13.9

Effluent 12.5% 66.7 25.0 8.33

Receiving water 12.5% 30.8 46.1 23.1

1 From EPA’s WET Interlaboratory Variability Study (USEPA, 2001a; USEPA, 2001b).
2 Percent of values at one concentration interval above or below the median.  Adding this percentage to the

percent of values at the median yields the percent of values within one concentration interval of the median.
3 Percent of values two or more concentration intervals above or below the median.
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SECTION 12

TEST METHOD

FATHEAD MINNOW, PIMEPHALES PROMELAS,
EMBRYO-LARVAL SURVIVAL AND TERATOGENICITY TEST

METHOD 1001.0

12.1   SCOPE AND APPLICATION

12.1.1   This method estimates the chronic toxicity of whole effluents and receiving water to the fathead minnow,
Pimephales promelas, using embryos in a seven-day, static renewal test.  The effects include the synergistic,
antagonistic, and additive effects of all the chemical, physical, and biological components which adversely affect
the physiological and biochemical functions of the test organisms.  The test is useful in screening for teratogens
because organisms are exposed during embryonic development.

12.1.2   Daily observations on mortality make it possible to also calculate the acute toxicity for desired exposure
periods (i.e., 24-h, 48-h, 96-h LC50s).

12.1.3   Detection limits of the toxicity of an effluent or pure substance are organism dependent.

12.1.4   Brief excursions in toxicity may not be detected using 24-h composite samples.  Also, because of the long
sample collection period involved in composite sampling, and because the test chambers are not sealed, highly
degradable and highly volatile toxicants, in the source may not be detected in the test. 

12.1.5   This test method is commonly used in one of two forms: (1) a definitive test, consisting of a minimum of
five effluent concentrations and a control, and (2) a receiving water test(s), consisting of one or more receiving
water concentrations and a control. 

12.2   SUMMARY OF METHOD

12.2.1  Fathead minnow, Pimephales promelas, embryos are exposed in a static renewal system to different
concentrations of effluent or to receiving water for seven days, starting shortly after fertilization of the eggs.  Test
results are based on the total frequency of both mortality and gross morphological deformities (terata). 

12.3   INTERFERENCES

12.3.1   Toxic substances may be introduced by contaminants in dilution water, glassware, sample hardware, and
testing equipment (see Section 5, Facilities, Equipment, and Supplies).

12.3.2   Adverse effects of low dissolved oxygen (DO), high concentrations of suspended and/or dissolved solids,
and extremes of pH may mask the presence of toxic substances.

12.3.3   Improper effluent sampling and sample handling may adversely affect test results (see Section 8, Effluent
and Receiving Water Sampling, Sample Handling, and Sample Preparation for Toxicity Tests). 

12.3.4   Pathogenic and/or predatory organisms in the dilution water and effluent may affect test organism survival
and confound test results.

12.3.5   pH drift during the test may contribute to artifactual toxicity when ammonia or other pH-dependent
toxicants (such as metals) are present.  As pH increases, the toxicity of ammonia also increases (see Subsection
8.8.6), so upward pH drift may increase sample toxicity.  For metals, toxicity may increase or decrease with



113

increasing pH.  Lead and copper were found to be more acutely toxic at pH 6.5 than at pH 8.0 or 8.5, while nickel
and zinc were more toxic at pH 8.5 than at pH 6.5 (USEPA, 1992).  In situations where sample toxicity is confirmed
to be artifactual and due to pH drift (as determined by parallel testing as described in Subsection 12.3.5.1), the
regulatory authority may allow for control of sample pH during testing using procedures outlined in Subsection
12.3.5.2.  It should be noted that artifactual toxicity due to pH drift is not likely to occur unless pH drift is large
(more than 1 pH unit) and/or the concentration of some pH-dependent toxicant in the sample is near the threshold
for toxicity. 

12.3.5.1   To confirm that toxicity is artifactual and due to pH drift, parallel tests must be conducted, one with
controlled pH and one with uncontrolled pH.  In the uncontrolled-pH treatment, the pH is allowed to drift during the
test.  In the controlled-pH treatment, the pH is maintained using the procedures described in Subsection 12.3.5.2. 
The pH to be maintained in the controlled-pH treatment (or target pH) will depend on the objective of the test.  If
the objective of the WET test is to determine the toxicity of the effluent in the receiving water, the pH should be
maintained at the pH of the receiving water (measured at the edge of the regulatory mixing zone).  If the objective
of the WET test is to determine the absolute toxicity of the effluent, the pH should be maintained at the pH of the
sample upon completion of collection (as measured on an aliquot removed from the sample container).

12.3.5.1.1   During parallel testing, the pH must be measured in each treatment at the beginning (i.e., initial pH) and
end (i.e., final pH) of each 24-h exposure period.  For each treatment, the mean initial pH (e.g., averaging the initial
pH measured each day for a given treatment) and the mean final pH (e.g., averaging the final pH measured each day
for a given treatment) must be reported.  pH measurements taken during the test must confirm that pH was
effectively maintained at the target pH in the controlled-pH treatment.  For each treatment, the mean initial pH and
the mean final pH should be within ±0.2 pH units of the target pH.  Test procedures for conducting toxicity
identification evaluations (TIEs) also recommend maintaining pH within ± 0.2 pH units in pH-controlled tests
(USEPA, 1992).

12.3.5.1.2   Total ammonia also should be measured in each treatment at the outset of parallel testing.  Total
ammonia concentrations greater than 5 mg/L in the 100% effluent are an indicator that toxicity observed in the test
may be due to ammonia (USEPA, 1992).  

12.3.5.1.3   Results from both of the parallel tests (pH-controlled and uncontrolled treatments) must be reported to
the regulatory authority.  If the uncontrolled test meets test acceptability criteria and shows no toxicity at the
permitted instream waste concentration, then the results from this test should be used for determining compliance. 
If the uncontrolled test shows toxicity at the permitted instream waste concentration, then the results from the pH-
controlled test should be used for determining compliance, provided that this test meets test acceptability criteria
and pH was properly controlled (see Subsection 12.3.6.1.1). 

12.3.5.1.4   To confirm that toxicity observed in the uncontrolled test was artifactual and due to pH drift, the results
of the controlled and uncontrolled-pH tests are compared.  If toxicity is removed or reduced in the pH-controlled
treatment, artifactual toxicity due to pH drift is confirmed for the sample.  To demonstrate that a sample result of
artifactual toxicity is representative of a given effluent, the regulatory authority may require additional information
or additional parallel testing before pH control (as described in Subsection 12.3.5.2) is applied routinely to
subsequent testing of the effluent. 

12.3.5.2   The pH can be controlled with the addition of acids and bases and/or the use of a CO2-controlled
atmosphere over the test chambers.  pH is adjusted with acids and bases by dropwise adding 1N NaOH or 1N HCl
(see Subsection 8.8.8).  The addition of acids and bases should be minimized to reduce the amount of additional
ions (Na or Cl) added to the sample.  pH is then controlled using the CO2-controlled atmosphere technique. This
may be accomplished by placing test solutions and test organisms in closed headspace test chambers, and then
injecting a predetermined volume of CO2 into the headspace of each test chamber (USEPA, 1991b; USEPA, 1992);
or by placing test chambers in an atmosphere flushed with a predetermined mixture of CO2 and air (USEPA, 1996). 
Prior experimentation will be needed to determine the appropriate CO2/air ratio or the appropriate volume of CO2 to
inject.  This volume will depend upon the sample pH, sample volume, container volume, and sample constituents. 
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If more than 5% CO2 is needed, adjust the solutions with acids (1N HCl) and then flush the headspace with no more
than 5% CO2 (USEPA, 1992).  If the objective of the WET test is to determine the toxicity of the effluent in the
receiving water, CO2 is injected to maintain the test pH at the pH of the receiving water (measured at the edge of the
regulatory mixing zone).  If the objective of the WET test is to determine the absolute toxicity of the effluent, CO2 is
injected to maintain the test pH at the pH of the sample upon completion of collection.  USEPA (1991b; 1992) and
Mount and Mount (1992) provide techniques and guidance for controlling test pH using a CO2-controlled
atmosphere.  In pH-controlled testing, control treatments must be subjected to all manipulations that sample
treatments are subjected to.  These manipulations must be shown to cause no lethal or sublethal effects on control
organisms.  In pH-controlled testing, the pH also must be measured in each treatment at the beginning and end of
each 24-h exposure period to confirm that pH was effectively controlled at the target pH level. 

12.4   SAFETY

12.4.1   See Section 3, Health and Safety. 

12.5   APPARATUS AND EQUIPMENT

12.5.1   Fathead minnow and brine shrimp culture units -- See Section 11, Fathead Minnow, Pimephales Promelas,
Larval Survival and Growth Test, and USEPA, 2002a.  To test effluent toxicity on-site or in the laboratory,
sufficient numbers of newly fertilized eggs must be available, preferably from a laboratory fathead minnow culture
unit.  If necessary, embryos can be shipped in well oxygenated water in insulated containers.  In cases where
shipping is necessary, up to 48-h old embryos may be used for the test.

12.5.2   Samplers -- automatic sampler, preferably with sample cooling capability, that can collect a 24-h composite
sample of 5 L or more.

12.5.3   Sample containers -- for sample shipment and storage (see Section 8, Effluent and Receiving Water
Sampling, Sample Handling, and Sample Preparation for Toxicity Tests). 

12.5.4   Environmental chamber or equivalent facility with temperature control (25 ± 1EC). 

12.5.5   Water purification system -- MILLIPORE MILLI-Q®, deionized water or equivalent (see Section 5,
Facilities, Equipment, and Supplies).

12.5.6   Balance -- analytical, capable of accurately weighing to 0.00001 g.

12.5.7   Reference weights, Class S -- for checking performance of balance.  Weights should bracket the expected
weights of material to be weighed.

12.5.8   Test chambers -- four borosilicate glass or disposable, non-toxic plastic labware, per test solution, such as: 
500-mL beakers; 100 mm x 15 mm or 100 mm x 20 mm glass or disposable polystyrene Petri dishes; or 12-cm OD,
stackable "Carolina" culture dishes.  The chambers should be covered with safety glass plates or sheet plastic during
the test to avoid potential contamination from the air and excessive evaporation of the test solutions during the test.

12.5.9   Dissecting microscope, or long focal length magnifying lens, hand or stand supported -- for examining
embryos and larvae in the test chambers.

12.5.10   Light box, microscope lamp, or flashlight -- for illuminating chambers during examination and observation
of embryos and larvae. 

12.5.11   Volumetric flasks and graduated cylinders -- Class A, borosilicate glass or non-toxic plastic labware,
10-1000 mL, for making test solutions.
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12.5.12   Volumetric pipets -- Class A, 1-100 mL. 

12.5.13   Serological pipets -- 1-10 mL, graduated.

12.5.14   Pipet bulbs and fillers -- PROPIPET®, or equivalent. 

12.5.15   Droppers, and glass tubing with fire polished edges, 2-mm ID -- for transferring embryos, and 4-mm ID --
for transferring larvae. 

12.5.16   Wash bottles -- for washing embryos from substrates and containers and for rinsing small glassware and
instrument electrodes and probes.

12.5.17   Thermometers, glass or electronic, laboratory grade -- for measuring water temperatures.

12.5.18   Bulb-thermograph or electronic-chart type thermometers -- for continuously recording temperature.

12.5.19  Thermometer, National Bureau of Standards Certified (see USEPA Method 170.1, USEPA 1979b) -- to
calibrate laboratory thermometers.

12.5.20   Meters, pH, DO, and specific conductivity -- for routine physical and chemical measurements.

12.6   REAGENTS AND CONSUMABLE MATERIALS

12.6.1   Sample containers -- for sample shipment and storage (see Section 8, Effluent and Receiving Water
Sampling, Sample Handling and Sample Preparation for Toxicity Tests).

12.6.2   Data sheets (one set per test) -- for recording data.

12.6.3   Tape, colored -- for labelling test chambers.

12.6.4   Markers, waterproof -- for marking containers, etc.

12.6.5   Reagents for hardness and alkalinity tests -- see USEPA Methods 130.2 and 310.1, USEPA 1979b. 
 
12.6.6   Membranes and filling solutions for DO probe (see USEPA Method 360.1, USEPA 1979b), or reagents --
for modified Winkler analysis. 
 
12.6.7   Standard pH buffers, pH 4, pH 7, and pH 10 (or as per instructions of instrument manufacturer) -- for
instrument calibration (see USEPA Method 150.1, USEPA 1979b). 

12.6.8   Specific conductivity standards -- see USEPA Method 120.1, USEPA 1979b.

12.6.9   Laboratory quality control samples and standards -- for calibration of the above methods.

12.6.10   Reference toxicant solutions -- see Section 4, Quality Assurance.

12.6.11   Reagent water -- defined as distilled or deionized water which does not contain substances which are toxic
to the test organisms (see Section 5, Facilities, Equipment, and Supplies). 

12.6.12   Effluent, receiving water, and dilution water -- see Section 7, Dilution Water; and Section 8, Effluent and
Receiving Water Sampling, Sample Handling, and Sample Preparation for Toxicity Tests.
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12.6.13   TEST ORGANISMS, FATHEAD MINNOWS, PIMEPHALES PROMELAS 

12.6.13.1   Fathead minnow embryos, less than 36-h old, are used for the test.  The test is conducted with four
(minimum of three) test chambers at each toxicant concentration and control.  Fifteen (minimum of ten) embryos are
placed in each replicate test chamber.  Thus 60 (minimum of 30) embryos are exposed at each test concentration and
360 (minimum of 180) embryos would be needed for a test consisting of five effluent concentrations and a control.

12.6.13.2   Sources of Organisms

12.6.13.2.1   It is recommended that the embryos be obtained from inhouse cultures or other local sources if at all
possible, because it is often difficult to ship the embryos so that they will be less than 36 h old for beginning the
test.  Receipt of embryos via Express Mail, air express, or other carrier, from a reliable outside source is an
acceptable alternative, but they must not be over 48 h old when used to begin the test.

12.6.13.2.2   Culturing methods for fathead minnows, Pimephales promelas, are described in Section 6, Section 11
and in USEPA, 2002a.

12.6.13.2.3   Fish obtained from outside sources (see Section 5, Facilities, Equipment, and Supplies) such as
commercial biological supply houses for use as brood stock should be guaranteed to be (1) of the correct species,
(2) disease free, (3) in the requested age range, and (4) in good condition.  This can be done by providing the record
of the date on which the eggs were laid and hatched, and information on the sensitivity of the contemporary fish to
reference toxicants. 

12.6.13.3   Obtaining Embryos for Toxicity Tests from Inhouse Cultures.

12.6.13.3.1   Spawning substrates with the newly-spawned, fertilized embryos are removed from the spawning tanks
or ponds, and the embryos are separated from the spawning substrate by using the index finger and rolling the
embryos gently with a circular movement of the finger (see Gast and Brungs, 1973).  The embryos are then
combined and washed from the spawning substrate onto a 400 µm NITEX® screen, sprayed with a stream of
deionized water to remove detritus and food particles, and back-washed with dilution water into a crystallizing dish
for microscopic examination.  Damaged and infertile eggs are discarded.

12.6.13.3.2   The embryos from three or more spawns are pooled in a single container to provide a sufficient
number to conduct the tests.  These embryos may be used immediately to start a test inhouse or may be transported
for use at a remote location.  When transportation is required, embryos should be taken from the substrates within
12 h of spawning.  This permits off-site tests to be started with less than 36-h old embryos.  Embryos should be
transported or shipped in clean, opaque, insulated containers, in well aerated or oxygenated fresh culture or dilution
water, and should be protected from extremes of temperature and any other stressful conditions during transport.
Instantaneous changes of water temperature when embryos are transferred from culture unit water to test dilution
water, or from transport container water to on-site test dilution water, should be less than 2EC.  Sudden changes in
pH, dissolved ions, osmotic strength, and DO should be avoided.

12.7   EFFLUENT AND RECEIVING WATER COLLECTION, PRESERVATION, AND STORAGE

12.7.1   See Section 8, Effluent and Receiving Water Sampling, Sample Handling, and Sample Preparation for
Toxicity Tests.

12.8   CALIBRATION AND STANDARDIZATION

12.8.1   See Section 4, Quality Assurance.
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12.9   QUALITY CONTROL 

12.9.1   See Section 4, Quality Assurance.

12.10   TEST PROCEDURES 

12.10.1   TEST SOLUTIONS 

12.10.1.1   Receiving Waters 

12.10.1.1.1   The sampling point is determined by the objectives of the test.  Receiving water toxicity is determined
with samples used directly as collected or after samples are passed through a 60 µm NITEX® filter and compared
without dilution, against a control.  Using four replicate chambers per test, each containing 100 mL, and 400 mL for
chemical analysis, would require approximately one liter, or more, of sample per test day.

12.10.1.2   Effluents

12.10.1.2.1   The selection of the effluent test concentrations should be based on the objectives of the study.  A
dilution factor of 0.5 is commonly used.  A dilution factor of 0.5 provides precision of ± 100%, and testing of
concentrations between 6.25% and 100% effluent using only five effluent concentrations (6.25%, 12.5%, 25%,
50%, and 100%).  Improvements in precision decline rapidly if the dilution factor is increased beyond 0.5 and
precision declines rapidly if a smaller dilution factor is used.  Therefore, USEPA recommends the use of the $
0.5 dilution factor.

12.10.1.2.2   If the effluent is known or suspected to be highly toxic, a lower range of effluent concentrations should
be used (such as 25%, 12.5%, 6.25%, 3.12%, and 1.56%).  If a high rate of mortality is observed during the first
1 to 2 h of the test, additional dilutions should be added at the lower range of effluent concentrations.

12.10.1.2.3   The volume of effluent required for daily renewal of four replicates per concentration, each containing
100 mL of test solution, is 1.5 L.  Sufficient test solution (approximately 1000 mL) is prepared at each effluent
concentration to provide 400 mL additional volume for chemical analyses.  If the sample is used for more than one
daily renewal of test solutions, the volume must be increased proportionately. 

12.10.1.2.4   Tests should begin as soon as possible, preferably within 24 h of sample collection.  The maximum
holding time following retrieval of the sample from the sampling device should not exceed 36 h for the off-site
toxicity tests unless permission is granted by the permitting authority.  In no case should the sample be used for the
first time in a test more than 72 h after sample collection  (see Section 8, Effluent and Receiving Water Sampling,
Sample Handling, and Sample Preparation for Toxicity Tests).

12.10.1.2.5   Just prior to test initiation (approximately 1 h) the temperature of sufficient quantity of the sample to
make the test solutions should be adjusted to the test temperature and maintained at that temperature during the
addition of dilution water.  

12.10.1.2.6   The DO of the test solutions should be checked prior to test initiation.  If any of the solutions are
supersaturated with oxygen, all of the solutions and the control should be gently aerated.  If any solution has a DO
below 4.0 mg/L, all of the solutions and the control must be gently aerated.

12.10.1.3   Dilution Water

12.10.1.3.1   Dilution water may be uncontaminated receiving water, a standard synthetic (reconstituted) water, or
some other uncontaminated natural water (see Section 7, Dilution Water).
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12.10.1.3.2   If the hardness of the test solutions (including the control) does not equal or exceed 25 mg/L as
CaCO3, it may be necessary to adjust the hardness by adding reagents for synthetic softwater as listed in Table 3,
Section 7.  In this case parallel tests should be conducted, one with the hardness adjusted and one unadjusted.

12.10.2   START OF THE TEST

12.10.2.1   Label the test chambers with a marking pen and use color-coded tape to identify each treatment and
replicate.  A minimum of five effluent concentrations and a control are used for each effluent test.  Each treatment
(including the control) should have four (minimum of three) replicates.

12.10.2.2   Tests performed in laboratories that have inhouse fathead minnow breeding cultures must initiate tests
with embryos less than 36 h old.  When the embryos must be shipped to the test site from a remote location, it may
be necessary to use embryos older than 36 h because of the difficulty of coordinating test organism shipments with
field operations.  However, in the latter case, the embryos must not be more than 48 h old at the start of the test and
should all be within 24 h of the same age.

12.10.2.3   Randomize the position of the test chambers at the beginning of the test (see Appendix A).  Maintain the
chambers in this configuration throughout the test.  Preparation of a position chart may be helpful. 

12.10.2.4   The test organisms should come from a pool of embryos consisting of at least three separate spawnings. 
Gently agitate and mix the embryos to be used in the test in a large container so that eggs from different spawns are
thoroughly mixed. 
 
12.10.2.5   Using a small bore (2 mm ID) glass tube, the embryos are placed one or two at a time into each
randomly arranged test chamber or intermediate container in sequential order, until each chamber contains 15
(minimum of 10) embryos, for a total of 60 (minimum of 30) embryos for each concentration (see Appendix A). 
The amount of water added to the chambers when transferring the embryos to the compartments should be kept to a
minimum to avoid unnecessary dilution of the test concentrations. 

12.10.2.6   After the embryos have been distributed to each test chamber, examine and count them.  Remove and
discard damaged or infertile eggs and replace with new undamaged embryos.  Placing the test chambers on a light
table may facilitate examining and counting the embryos.
 
12.10.3   LIGHT, PHOTOPERIOD AND TEMPERATURE 

12.10.3.1   The light quality and intensity should be at ambient laboratory levels, which is approximately 10-20
µE/m2/s, or 50 to 100 foot candles (ft-c), with a photoperiod of 16 h of light and 8 h of darkness.  The water
temperature in the test chambers should be maintained at 25 ± 1EC. 
 
12.10.4   DISSOLVED OXYGEN (DO) CONCENTRATION

12.10.4.1  Aeration may affect the toxicity of effluents and should be used only as a last resort to maintain
satisfactory DO concentrations.  The DO concentrations should be measured in the new solutions at the start of the
test (Day 0) and before daily renewal of the new solutions on subsequent days.  The DO concentrations should not
fall below 4.0 mg/L (see Section 8, Effluent and Receiving Water Sampling, Sample Handling, and Sample
Preparation for Toxicity Tests).  If it is necessary to aerate, all concentrations and the control should be aerated. 
The aeration rate should not exceed 100 bubbles/min, using a pipet with an orifice of approximately 1.5 mm, such
as a l-mL KIMAX® serological Pipet, or equivalent.  Care should be taken to ensure that turbulence resulting from
the aeration does not cause undue physical stress to the embryos.
 
12.10.5   FEEDING 

12.10.5.1   Feeding is not required.
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12.10.6   OBSERVATIONS DURING THE TEST

12.10.6.1   Routine Chemical and Physical Determinations

12.10.6.1.1   DO is measured at the beginning and end of each 24-h exposure period in at least one test chamber at
each test concentrations and in the control.

12.10.6.1.2   Temperature and pH are measured at the end of each 24-h exposure period in at least one test chamber
at each test concentration and in the control.  Temperature should also be monitored continuously or observed and
recorded daily for at least two locations in the environmental control system or the samples.  Temperature should be
measured in a sufficient number of test vessels, at least at the end of the test, to determine temperature variation in
the environmental chamber.

12.10.6.1.3   The pH is measured in the effluent sample each day before new test solutions are made.

12.10.6.1.4   Conductivity, alkalinity and hardness are measured in each new sample (100% effluent or receiving
water) and in the control.

12.10.6.2   Record all the measurements on the data sheet (Figure 1).

12.10.6.3   Routine Biological Observations 

12.10.6.3.1   At the end of the first 24 h of exposure, before renewing the test solutions, examine the embryos. 
Remove the dead embryos (milky colored and opaque) and record the number (Figure 2).  If the rate of mortality
(including those with fungal infection) exceeds 20% in the control chambers, or if excessive non-concentration-
related mortality occurs, terminate the test and start a new test with new embryos. 

12.10.6.3.2   At 25EC, hatching may begin on the fourth day.  After hatching begins, count the number of dead and
live embryos and the number of hatched, dead, live, and deformed larvae, daily.  Deformed larvae are those with
gross morphological abnormalities such as lack of appendages, lack of fusiform shape (non-distinct mass), lack of
mobility, a colored, beating heart in an opaque mass, or other characteristics that preclude survival.  Count and
remove dead embryos and larvae as previously discussed and record the numbers for all of the test observations
(Figure 2).  Upon hatching, deformed larvae are counted  as dead.

12.10.6.3.3   Protect the embryos and larvae from unnecessary disturbance during the test by carrying out the daily
test observations, solution renewals, and removal of dead organisms carefully.  Make sure that the test organisms
remain immersed during the performance of the above operations.

12.10.7   DAILY CLEANING OF TEST CHAMBERS

12.10.7.1   Since feeding is not required, test chambers are not cleaned daily unless accumulation of particulate
matter at the bottom of the chambers causes a problem.

12.10.8   TEST SOLUTION RENEWAL 
 

12.10.8.1   Freshly prepared solutions are used to renew the tests daily.  For on-site toxicity studies, fresh effluent or
receiving water samples should be collected daily, and no more than 24 h should elapse between collection of the
samples and their use in the tests (see Section 8, Effluent and Receiving Water Sampling, Sample Handling and
Sample Preparation for Toxicity Tests).  For off-site tests, a minimum of three samples are collected, preferably on
days one, three, and five.  Maintain the samples in the refrigerator at 0-6EC until used.

12.10.8.2   The test solutions are renewed immediately after removing dead embryos and/or larvae.  During the
daily renewal process, the water level in each chamber is lowered to a depth of 7 to 10 mm, which leaves 15 to 20%
of the test solution.  New test solution should be added slowly by pouring down the side of the test chamber to
avoid excessive turbulence and possible injury to the embryos or larvae. 
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Discharger: Test Dates:

Location: Analyst:

Control:
Day

1 2 3 4 5 6 7 Remarks
Temp.
D.O. Initial

Final
pH Initial

Final
Alkalinity
Hardness
Conductivity
Chlorine

Conc:
Day

1 2 3 4 5 6 7 Remarks
Temp.
D.O. Initial

Final
pH Initial

Final
Alkalinity
Hardness
Conductivity
Chlorine

Conc:
Day

1 2 3 4 5 6 7 Remarks
Temp.
D.O. Initial

Final
pH Initial

Final
Alkalinity
Hardness
Conductivity
Chlorine

Figure 1. Data form for the fathead minnow, Pimephales promelas, embryo-larval survival and teratogenicity
test.  Routine chemical and physical determinations.
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Discharger: Test Dates:

Location: Analyst:

Control:
Day

1 2 3 4 5 6 7 Remarks
Temp.
D.O. Initial

Final
pH Initial

Final
Alkalinity
Hardness
Conductivity
Chlorine

Conc:
Day

1 2 3 4 5 6 7 Remarks
Temp.
D.O. Initial

Final
pH Initial

Final
Alkalinity
Hardness
Conductivity
Chlorine

Conc:
Day

1 2 3 4 5 6 7 Remarks
Temp.
D.O. Initial

Final
pH Initial

Final
Alkalinity
Hardness
Conductivity
Chlorine

Figure 1. Data form for the fathead minnow, Pimephales promelas, embryo-larval survival and teratogenicity
test.  Routine chemical and physical determinations (CONTINUED)
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Discharger: Test Dates:

Location: Analyst:

Conc: Rep.
No.

Condition of
Embryo/larvae

Day
1 2 3 4 5 6 7

Control

1 Live/dead
Terata

2 Live/dead
Terata

3 Live/dead
Terata

4 Live/dead
Terata

Treatment 1 Live/dead
Terata

2 Live/dead
Terata

3 Live/dead
Terata

4 Live/dead
Terata

Treatment 1 Live/dead
Terata

2 Live/dead
Terata

3 Live/dead
Terata

4 Live/dead
Terata

Treatment 1 Live/dead
Terata

2 Live/dead
Terata

3 Live/dead
Terata

4 Live/dead
Terata

Figure 2. Data form for the fathead minnow, Pimephales promelas, embryo-larval survival and teratogenicity
test.  Survival and terata data.
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Discharger: Test Dates:

Location: Analyst:

Conc: Rep.
No.

Condition of
Embryo/larvae

Day
1 2 3 4 5 6 7

Treatment 1 Live/dead
Terata

2 Live/dead
Terata

3 Live/dead
Terata

4 Live/dead
Terata

Treatment 1 Live/dead
Terata

2 Live/dead
Terata

3 Live/dead
Terata

4 Live/dead
Terata

Comments:

Figure 2. Data form for the fathead minnow, Pimephales promelas, embryo-larval survival and teratogenicity
test.  Survival and terata data (CONTINUED).
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12.10.9   TERMINATION OF THE TEST 

12.10.9.1   The test is terminated after seven days of exposure.  Count the number of surviving, dead, and deformed
larvae, and record the numbers of each (Figure 2).  The deformed larvae are treated as dead in the analysis of the
data.  Keep a separate record of the total number and percent of deformed larvae for use in reporting the
teratogenicity of the test solution.

12.10.9.2   Prepare a summary of the data as illustrated in Figure 3.

12.11   SUMMARY OF TEST CONDITIONS AND TEST ACCEPTABILITY CRITERIA

12.11.1   A summary of test conditions and test acceptability criteria is presented in Table 1.

12.12   ACCEPTABILITY OF TEST RESULTS

12.12.1   For the test results to be acceptable, survival in the controls must be at least 80%.
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Discharger: Test Dates:  

Location: Analyst:  

Treatment Control

No. dead
embryos and
larvae

No. terata

Total
mortality
(dead and
deformed)

Total
mortality (%)

Terata (%)

Hatch (%)

Comments:

Figure 3.  Summary data for the fathead minnow, Pimephales promelas, embryo-larval survival and
teratogenicity test. 
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TABLE 1. SUMMARY OF TEST CONDITIONS AND TEST ACCEPTABILITY CRITERIA FOR
FATHEAD MINNOW, PIMEPHALES PROMELAS, EMBRYO-LARVAL SURVIVAL AND
TERATOGENICITY TOXICITY TESTS WITH EFFLUENTS AND RECEIVING WATERS
(TEST METHOD 1001.0)1

                                                                          

 1. Test type: Static renewal (required) 
 

2. Temperature: 25 ± 1EC (recommended)
Test temperatures must not deviate (i.e., maximum minus
minimum temperature) by more than 3EC during the test
(required)

 
3. Light quality: Ambient laboratory illumination (recommended)  

 
4. Light intensity: 10-20 µE/m2/s or 50-100 ft-c (ambient laboratory levels)

(recommended) 
 

5. Photoperiod: 16 h light, 8 h dark (recommended) 
 

6. Test chamber size: 150 mL (recommended minimum) 
 

7. Test solution volume: 70 mL (recommended minimum) 
 

8. Renewal of test solutions: Daily (required)
 

9. Age of test organisms: Less than 36-h old embryos (Maximum of 48-h if shipped)
(required)

10. No. embryos per test chamber: 15 (recommended) 
10 (required minimum) 

11. No. replicate test               
chambers per concentration: 4 (recommended)

3 (required minimum) 

12. No. embryos per concentration: 60 (recommended)
30 (required minimum)  

13. Feeding regime: Feeding not required 

14. Aeration: None unless DO falls below 4.0 mg/L (recommended) 
1 For the purposes of reviewing WET test data submitted under NPDES permits, each test condition listed above

is identified as required or recommended (see Subsection 10.2 for more information on test review).  Additional
requirements may be provided in individual permits, such as specifying a given test condition where several
options are given in the method.
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 TABLE 1. SUMMARY OF TEST CONDITIONS AND TEST ACCEPTABILITY CRITERIA FOR 
FATHEAD MINNOW, PIMEPHALES PROMELAS, EMBRYO-LARVAL SURVIVAL AND
TERATOGENICITY TOXICITY TESTS WITH EFFLUENTS AND RECEIVING WATERS
(TEST METHOD 1001.0) (CONTINUED)

 
                                                                        

15. Dilution water: Uncontaminated source of receiving or other natural water,
synthetic water  prepared using MILLIPORE MILLI-Q® or
equivalent deionized water and reagent grade chemicals or
DMW (see Section 7, Dilution Water).  The hardness of the
test solutions should equal or exceed 25 mg/L (CaCO3) to
ensure hatching success (available options)

16. Test concentrations: Effluents:  5 and a control (required minimum)
Receiving waters:  100% receiving water (or minimum of
5) and a control (recommended) 

17. Dilution factor: Effluents:  $ 0.5 (recommended) 
Receiving waters:  None, or $ 0.5 (recommended) 

18. Test duration: 7 days (required) 

19. Endpoint: Combined mortality (dead and deformed organisms)
(required) 

20. Test acceptability criteria: 80% or greater survival in controls (required) 

21. Sampling requirements: For on-site tests, samples collected daily and used within
24 h of the time  they are removed from the sampling
device.  For off-site tests, a minimum of three samples
(e.g., collected on days one, three, and five) with a
maximum holding  time of 36 h before first use (see
Section 8, Effluent and Receiving Water Sampling, Sample
Handling, and Sample Preparation for Toxicity Tests,
Subsection 8.5.4) (required) 

22. Sample volume required: 1.5 to 2.5 L/day depending on the volume of test solutions
used (recommended) 
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12.13   DATA ANALYSIS

12.13.1   GENERAL

12.13.1.1   Tabulate and summarize the data (Figure 3).

12.13.1.2   The endpoints of this toxicity test are based on total mortality, combined number of dead embryos, and
dead and deformed larvae.  The EC1 is calculated using Probit Analysis (Finney, 1971; see Appendix I).  Separate
analyses are performed for the estimation of LOEC and NOEC endpoints and for the estimation of the EC1
endpoint.  Concentrations at which there is no survival in any of the test chambers are excluded from the statistical
analysis of the NOEC and LOEC, but included in the estimation of the EC1 endpoint.  See the Appendices for
examples of the manual computations and examples of data input and output for the computer programs.

12.13.1.3   The statistical tests described here must be used with a knowledge of the assumptions upon which the
tests are contingent.  The assistance of a statistician is recommended for analysts who are not proficient in statistics.
 
12.13.2   EXAMPLE OF ANALYSIS OF FATHEAD MINNOW EMBRYO-LARVAL SURVIVAL AND
TERATOGENICITY DATA

12.13.2.1   Formal statistical analysis of the total mortality data is outlined on the flowchart in Figure 4.  The
response used in the analysis is the total mortality proportion in each test or control chamber.  Separate analyses are
performed for the estimation of the NOEC and LOEC endpoints and for the estimation of the EC endpoint. 
Concentrations at which there is 100% total mortality in all of the test chambers are excluded from statistical
analysis of the NOEC and LOEC, but included in the estimation of the EC1 endpoint.

12.13.2.2   For the case of equal numbers of replicates across all concentrations and the control, the evaluation of
the NOEC and LOEC endpoints is made via a parametric test, Dunnett's Procedure, or a nonparametric test, Steel's
Many-one Rank Test, on the arc sine square root transformed data.  Underlying assumptions of Dunnett's
Procedure, normality and homogeneity of variance, are formally tested.  The test for normality is the Shapiro-Wilk's
Test, and Bartlett's Test is used to test for homogeneity of variance.  If either of these tests fails, the nonparametric
test, Steel's Many-one Rank Test, is used to determine the NOEC and LOEC endpoints.  If the assumptions of
Dunnett's Procedure are met, the endpoints are estimated by the parametric procedure.

12.13.2.3   If unequal numbers of replicates occur among the concentration levels tested, there are parametric and
nonparametric alternative analyses.  The parametric analysis is a t test with the Bonferroni adjustment
(see Appendix D).  The Wilcoxon Rank Sum Test with the Bonferroni adjustment is the nonparametric alternative
(see Appendix F).

12.13.2.4   Probit Analysis (Finney, 1971) is used to estimate the concentration that causes a specified percent
decrease in survival from the control.  In this analysis, the total mortality data from all test replicates at a given
concentration are combined.
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Figure 4. Flowchart for statistical analysis of fathead minnow, Pimephales promelas, embryo-larval data. 
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12.13.2.5   The data for this example are listed in Table 2.  Total mortality, expressed as a proportion (combined
total number of dead embryos, dead larvae and deformed larvae divided by the number of embryos at start of test),
is the response of interest.  The total mortality proportion in each replicate must first be transformed by the arc sine
square root transformation procedure described in Appendix B.  The raw and transformed data, means and variances
of the transformed observations at each effluent concentration and control are listed in Table 3.   A plot of the data
is provided in Figure 5.  Since there is 100% total mortality in replicates for the 50.0% concentration, it is not
included in this statistical analysis and is considered a qualitative mortality effect.

 TABLE 2. DATA FROM FATHEAD MINNOW, PIMEPHALES PROMELAS, EMBRYO-LARVAL
TOXICITY TEST WITH GROUND WATER EFFLUENT

Effluent No. Dead at Test Deformed at Test Dead + Deformed
Conc. Eggs at Termination Termination at Termination
(%) Start No. % No. % No. %

Control 10 0 0 0 0 0 0
10 2 20 0 0 2 20

    10 0 0 0 0 0 0
       10 1 10 0 0 1 10

3.125 10 0 0 0 0 0 0
10 0 0 1 10 1 10
10 0 0 0 0 0 0
10 1 10 0 0 1 10

6.25 10 0 0 0 0 0 0
        10 0 0 0 0 0 0
      10 0 0 0 0 0 0
      10 0 0 1 10 1 10

12.5 10 0 0 0 0 0 0
10 0 0 0 0 0 0
10 0 0 0 0 0 0

        10 1 10 0 0 1 10

25.0 10 1 10 9 90 10 100
     10 2 20 8 80 10 100
     10 2 20 8 80 10 100
     10 1 10 4 40  5 50

50.0 10 4 40 6 60 10 100
    10 3 30 7 70 10 100
    10 5 50 5 50 10 100
    10 3 30 7 70 10 100
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Figure 5. Plot of fathead minnow, Pimephales promelas, total mortality data from the embryo-larval test.
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TABLE 3. FATHEAD MINNOW, PIMEPHALES PROMELAS, EMBRYO-LARVAL TOTAL
MORTALITY DATA 

Effluent Concentration (%)
Replicate Control 3.125 6.25 12.5 25.0 50.0

 RAW A 0.00 0.00 0.00 0.00 1.00 1.00
B 0.20 0.10 0.00 0.00 1.00 1.00
C 0.00 0.00 0.00 0.00 1.00 1.00
D 0.10 0.10 0.10 0.10 0.50 1.00

 ARC SINE A 0.159 0.159 0.159 0.159 1.412 -
 TRANS- B 0.464 0.322 0.159 0.159 1.412 -
 FORMED C 0.159 0.159 0.159 0.159 1.412 -

D 0.322 0.322 0.322 0.322 0.785 -

Mean( ) 0.276 0.241 0.200 0.200 1.255Ȳi
0.022 0.009 0.007 0.007 0.098S 2

i
i 1 2 3 4 5

12.13.2.6   Test for Normality 

12.13.2.6.1   The first step of the test for normality is to center the observations by subtracting the mean of all
observations within a concentration from each observation in that concentration.  The centered observations are
summarized in Table 4.

TABLE 4.  CENTERED OBSERVATIONS FOR SHAPIRO-WILK'S EXAMPLE 
  

Effluent Concentration (%)

Replicate Control 3.125 6.25 12.5 25.0 50.0

A -0.117 -0.082 -0.041 -0.041 0.157 - 
B 0.188 0.081 -0.041 -0.041 0.157 - 
C -0.117 0.081 -0.041 -0.041 0.157 - 
D 0.046 -0.082 0.122 0.122 -0.470 - 

12.13.2.6.2  Calculate the denominator, D, of the statistic:

          Where: Xi = the ith centered observation

= the overall mean of the centered observationsX̄
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n = the total number of centered observations

12.13.2.6.3   For this set of data, n = 20

X̄ '
1

20
(&0.003) ' 0.000

D = 0.4261

12.13.2.6.4   Order the centered observations from smallest to largest

                X(1) # X(2) # ... # X(n)

where X(i) denotes the ith ordered observation.  The ordered observations for this example are listed in Table 5.

TABLE 5.  ORDERED CENTERED OBSERVATIONS FOR THE SHAPIRO-WILK'S EXAMPLE

i X(i) i X(i)

1 -0.470 11 -0.041
2 -0.117 12 0.046
3 -0.117 13 0.081
4 -0.082 14 0.081
5 -0.082 15 0.122
6 -0.041 16 0.122
7 -0.041 17 0.157
8 -0.041 18 0.157
9 -0.041 19 0.157

10 -0.041 20 0.188

12.13.2.6.5   From Table 4, Appendix B, for the number of observations, n, obtain the coefficients a1, a2, ..., ak
where k is n/2 if n is even and (n-1)/2 if n is odd.  For the data in this example, n = 20 and k = 10.  The ai values are
listed in Table 6.
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TABLE 6.  COEFFICIENTS AND DIFFERENCES FOR THE SHAPIRO-WILK'S EXAMPLE  

i ai X(n-i+1) - X(i)

1 0.4734 0.658 X(20) - X(1)

2 0.3211 0.274 X(19) - X(2)

3 0.2565 0.274 X(18) - X(3)

4 0.2085 0.239 X(17) - X(4)

5 0.1686 0.204 X(16) - X(5)

6 0.1334 0.163 X(15) - X(6)

7 0.1013 0.122 X(14) - X(7)

8 0.0711 0.122 X(13) - X(8)

9 0.0422 0.087 X(12) - X(9)

10 0.0140 0.000 X(11) - X(10)

12.13.2.6.6   Compute the test statistic, W, as follows:

The differences X(n-i+1) - X(i) are listed in Table 6.  For the data in this example,

W '
1

0.4261
(0.6004)2

= 0.846

12.13.2.6.7   The decision rule for this test is to compare W as calculated in Section 13.2.6.6 to a critical value
found in Table 6, Appendix B.  If the computed W is less than the critical value, conclude that the data are not
normally distributed.  For the data in this example, the critical value at a significance level of 0.01 and n = 20
observations is 0.868.  Since W = 0.846 is less than the critical value, conclude that the data are not normally
distributed.

12.13.2.6.8   Since the data do not meet the assumption of normality, Steel's Many-one Rank Test will be used to
analyze the total mortality data.

12.13.2.7   Steel's Many-one Rank Test 

12.13.2.7.1   For each control and concentration combination, combine the data and arrange the observations in
order of size from smallest to largest.  Assign the ranks (1, 2, ..., 8) to the ordered observations with a rank of
1 assigned to the smallest observation, rank of 2 assigned to the next larger observation, etc.  If ties occur when
ranking, assign the average rank to each tied observation.

12.13.2.7.2   An example of assigning ranks to the combined data for the control and 3.125% effluent concentration
is given in Table 7.  This ranking procedure is repeated for each control/concentration combination.  The complete
set of rankings is summarized in Table 8.  The control group ranks are next summed for each effluent concentration
pairing, as shown in Table 9. 
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TABLE 7. ASSIGNING RANKS TO THE CONTROL AND 3.125% EFFLUENT CONCENTRATION
FOR STEEL'S MANY-ONE RANK TEST

Transformed Effluent
Rank Proportion Concentration

Mortality (%)

2.5 0.159 Control
2.5 0.159 Control
2.5 0.159 3.125
2.5 0.159 3.125
6 0.322 Control
6 0.322 3.125
6 0.322 3.125
8 0.464 Control

TABLE 8.  TABLE OF RANKS FOR STEEL'S MANY-ONE RANK TEST

Effluent Concentration (%)

Repl. Control 3.125 6.25 12.5 25.0 

A 0.159 (2.5,3,3,1.5) 0.159 (2.5) 0.159 (3) 0.159 (3) 1.412 (7)
B 0.464 (8,8,8,4) 0.322 (6) 0.159 (3) 0.159 (3) 1.412 (7)
C 0.159 (2.5,3,3,1.5) 0.159 (2.5) 0.159 (3) 0.159 (3) 1.412 (7)
D 0.322 (6,6.5,6.5,3) 0.322 (6) 0.322 (3) 0.159 (3) 0.785 (5)

TABLE 9.  RANK SUMS

Effluent Control
Concentration (%) Rank Sum

3.125 19
6.25 20.5

12.5 20.5
25.0 10

12.13.2.7.3   For this example, we want to determine if the total mortality in any of the effluent concentrations is
significantly higher than the total mortality in the control.  If this occurs, the rank sum of the control would be
significantly less than the rank sum at that concentration.  Thus we are only concerned with comparing the control
rank sum for each pairing with the various effluent concentrations with some "minimum" or critical rank sum, at or
below which the concentration total mortality would be considered significantly greater than the control.  At a
signficance level of 0.05, the minimum rank sum in a test with four concentrations (excluding the control) and four
replicates per concentration is 10 (see Table 5, Appendix E).
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12.13.2.7.4   Since the control rank sum for the 25.0% effluent concentration pairing is equal to the critical value,
the total proportion mortality in the 25.0% concentration is considered significantly greater than that in the control. 
Since no other rank sums are less than or equal to the critical value, no other concentrations have signficantly higher
total proportion mortality than the control.  Hence the NOEC is 12.5% and the LOEC is 25.0%. 

12.13.2.8   Calculation of the LC50

12.13.2.8.1   The data used for the Probit Analysis is summarized in Table 10.  To perform the Probit Analysis, run
the USEPA Probit Analysis Program.  An example of the program input and output is supplied in Appendix I.

12.13.2.8.2   For this example, the chi-square test for heterogeneity was not significant.  Thus Probit Analysis
appears appropriate for this data. 

12.13.2.8.3   Figure 6 shows the output data for the Probit Analysis of the data from Table 10 using the USEPA
Probit Program. 

TABLE 10.  DATA FOR PROBIT ANALYSIS  

 
Effluent Concentration (%)

 
Control 3.125 6.25 12.5 25.0 50.0

Number Dead 3 1 0 1 6 15
Number Exposed 40 40 40 40 40 40

12.14   PRECISION AND ACCURACY

12.14.1   PRECISION 

12.14.1.1   Single-laboratory Precision
 

12.14.1.1.1   Data shown in Tables 11 and 12 indicate that the precision of the embryo-larval survival and
teratogenicity test, expressed as the relative standard deviation (or coefficient of variation, CV) of the LC1 values,
was 62% for cadmium (Table 11) and 41% for Diquat (Table 12).

12.14.1.1.2   Precision data are also available from four embryo-larval survival and teratogenicity tests on trickling
filter pilot plant effluent (Table 13).  Although the data could not be analyzed by Probit Analysis, the NOECs and
LOECs obtained using Dunnett's Procedure were the same for all four tests, 7% and 11% effluent, respectively,
indicating maximum precision in terms of the test design. 

12.14.1.2   Multilaboratory Precision

12.14.1.2.1   Data on the multilaboratory precision of this test are not yet available.

12.14.2   ACCURACY

12.14.2.1  The accuracy of toxicity tests cannot be determined.
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USEPA PROBIT ANALYSIS PROGRAM
USED FOR CALCULATING LC/EC VALUES

Version 1.5

Probit Analysis of Fathead Minnow Embryo-Larval Survival
and Teratogenicity Data

                                                             Proportion
                                              Observed       Responding
                      Number     Number     Proportion     Adjusted for
       Conc.         Exposed     Resp.      Responding        Controls

      Control           20          2         0.1000           0.0000
       0.5000           20          2         0.1000           0.0174
       1.0000           20          1         0.0500           -.0372
       2.0000           20          4         0.2000           0.1265
       4.0000           20         16         0.8000           0.7816
       8.0000           20         20         1.0000           1.0000

Chi - Square for Heterogeneity (calculated)     =   0.441
Chi - Square for Heterogeneity (tabular value)  =  7.815

Probit Analysis of Fathead Minnow Embryo-Larval Survival
and Teratogenicity Data

      Estimated LC/EC Values and Confidence Limits

                   Exposure          Lower           Upper
Point               Conc.            95% Confidence Limits

LC/EC  1.00         1.346            0.453           1.922
LC/EC 50.00         3.018            2.268           3.672

Figure 6.  Output for USEPA Probit Program, Version 1.5.
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TABLE 11. PRECISION OF THE FATHEAD MINNOW, PIMEPHALES PROMELAS,               
EMBRYO-LARVAL SURVIVAL AND TERATOGENICITY TEST, USING CADMIUM AS
A REFERENCE TOXICANT1,2 

Test LC13 95% Confidence NOEC4

(mg/L) Limits (mg/L)

1 0.014 0.009 - 0.018 0.012

2 0.006 0.003 - 0.010 0.012

3 0.005 0.003 - 0.009 0.013

4 0.003 0.002 - 0.004 0.011

5 0.006 0.003 - 0.009 0.012

N 5 5 
Mean 0.0068 NA
SD 0.0042                               
CV(%) 62 NA

                                                              
 

1 Tests conducted by Drs. Wesley Birge and Jeffrey Black, University of Kentucky, Lexington, under a
cooperative agreement with the Bioassessment and Ecotoxicology Branch, EMSL, USEPA, Cincinnati,
OH.

2 Cadmium chloride was used as the reference toxicant.  The nominal concentrations, expressed as cadmium
(mg/L), were: 0.01, 0.032, 0.100, 0.320, and 1.000.  The dilution water was reconstituted water with a
hardness of 100 mg/L as calcium carbonate, and a pH of 7.8.

3 Determined by Probit Analysis.
4 Highest no-observed-effect concentration determined by independent statistical analysis (2X2 Chi-square

Fisher's Exact Test).  NOEC range of 0.011 - 0.013 represents a difference of one exposure concentration.
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TABLE 12. PRECISION OF THE FATHEAD MINNOW, PIMEPHALES PROMELAS,
EMBRYO-LARVAL, SURVIVAL AND TERATOGENICITY TOXICITY TEST, USING
DIQUAT AS A REFERENCE TOXICANT1,2

                  Test             LC13              95% Confidence
                                 (mg/L)                 Limits

 
1 0.58 0.32 - 0.86

 
2 2.31 --4

 
3 1.50 1.05 - 1.87

 
4 1.71 1.24 - 2.09

 
5 1.43 0.93 - 1.83

 
N 5
Mean 1.51 
SD 0.62 
CV(%) 41.3 

 
1 Tests conducted by Drs. Wesley Birge and Jeffrey Black, University of Kentucky, Lexington, under a

cooperative agreement with the Bioassessment and Ecotoxicology Branch, EMSL, USEPA, Cincinnati,
OH.

2 The Diquat concentrations were determined by chemical analysis.  The dilution water was reconstituted
water with a hardness of 100 mg/L as calcium carbonate, and a pH of 7.8.

3 Determined by Probit Analysis.
4 Cannot be calculated.
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TABLE 13. PRECISION OF THE FATHEAD MINNOW, PIMEPHALES PROMELAS, EMBRYO-LARVAL
SURVIVAL AND TERATOGENICITY STATIC-RENEWAL TEST CONDUCTED WITH
TRICKLING FILTER EFFLUENT1,2,3

Test NOEC LOEC
No. (% Effluent) (% Effluent)

1 7 11

2 7 11

3 7 11

4 7 11

1 Data provided by Timothy Neiheisel, Bioassessment and Ecotoxiology Branch, EMSL, USEPA, Cincinnati, OH.
2 Effluent concentrations used: 3, 5, 7, 11 and 16%
3 Maximum precision achieved in terms of NOEC-LOEC interval.  For a discusssion of the precision of data from

chronic toxicity tests (see Section 4, Quality Assurance).
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SECTION 13

TEST METHOD

DAPHNID, CERIODAPHNIA DUBIA,
SURVIVAL AND REPRODUCTION TEST

METHOD 1002.0

13.1   SCOPE AND APPLICATION

13.1.1   This method measures the chronic toxicity of effluents and receiving water to the daphnid, Ceriodaphnia
dubia, using less than 24 h old neonates during a three-brood (seven-day), static renewal test.  The effects include
the synergistic, antagonistic, and additive effects of all the chemical, physical, and biological components which
adversely affect the physiological and biochemical functions of the test organisms.

13.1.2   Daily observations on mortality make it possible to also calculate acute toxicity for desired exposure periods
(i.e., 24-h, 48-h, and 96-h LC50s). 
 
13.1.3   Detection limits of the toxicity of an effluent or pure substance are organism dependent. 

13.1.4   Brief excursions in toxicity may not be detected using 24-h composite samples.  Also, because of the long
sample collection period involved in composite sampling, and because the test chambers are not sealed, highly
degradable or highly volatile toxicants in the source may not be detected in the test. 
 
13.1.5   This test method is commonly used in one of two forms: (1) a definitive test, consisting of a minimum of
five effluent concentrations and a control, and (2) a receiving water test(s), consisting of one or more receiving
water concentrations and a control. 

13.2   SUMMARY OF METHOD

13.2.1   Ceriodaphnia dubia are exposed in a static renewal system to different concentrations of effluent, or to
receiving water, until 60% or more of surviving control females have three broods of offspring.  Test results are
based on survival and reproduction.  If the test is conducted as described, the surviving control organisms should
produce 15 or more young in three broods.  If these criteria are not met at the end of 8 days, the test must be
repeated. 

13.3   INTERFERENCES 

13.3.1   Toxic substances may be introduced by contaminants in dilution water, glassware, sample hardware, and
testing equipment (see Section 5, Facilities, Equipment, and Supplies).

13.3.2   Improper effluent sampling and handling may adversely affect test results (see Section 8, Effluent and
Receiving Water Sampling, Sample Handling, and Sample Preparation for Toxicity Tests). 

13.3.3   Pathogenic and/or predatory organisms in the dilution water and effluent may affect test organism survival
and confound test results.

13.3.4   The amount and type of natural food in the effluent or dilution water may confound test results.

13.3.5   Food added during the test may sequester metals and other toxic substances and confound test results. 
Daily renewal of solutions, however, will reduce the probability of reduction of toxicity caused by feeding.
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13.3.6   pH drift during the test may contribute to artifactual toxicity when ammonia or other pH-dependent
toxicants (such as metals) are present.  As pH increases, the toxicity of ammonia also increases (see Subsection
8.8.6), so upward pH drift may increase sample toxicity.  For metals, toxicity may increase or decrease with
increasing pH.  Lead and copper were found to be more acutely toxic at pH 6.5 than at pH 8.0 or 8.5, while nickel
and zinc were more toxic at pH 8.5 than at pH 6.5 (USEPA, 1992).  In situations where sample toxicity is confirmed
to be artifactual and due to pH drift (as determined by parallel testing as described in Subsection 13.3.6.1), the
regulatory authority may allow for control of sample pH during testing using procedures outlined in Subsection
13.3.6.2.  It should be noted that artifactual toxicity due to pH drift is not likely to occur unless pH drift is large
(more than 1 pH unit) and/or the concentration of some pH-dependent toxicant in the sample is near the threshold
for toxicity. 

13.3.6.1   To confirm that toxicity is artifactual and due to pH drift, parallel tests must be conducted, one with
controlled pH and one with uncontrolled pH.  In the uncontrolled-pH treatment, the pH is allowed to drift during the
test.  In the controlled-pH treatment, the pH is maintained using the procedures described in Subsection 13.3.6.2. 
The pH to be maintained in the controlled-pH treatment (or target pH) will depend on the objective of the test.  If
the objective of the WET test is to determine the toxicity of the effluent in the receiving water, the pH should be
maintained at the pH of the receiving water  (measured at the edge of the regulatory mixing zone).  If the objective
of the WET test is to determine the absolute toxicity of the effluent, the pH should be maintained at the initial pH of
the sample upon completion of collection (as measured on an aliquot removed from the sample container).

13.3.6.1.1  During parallel testing, the pH must be measured in each treatment at the beginning (i.e., initial pH) and
end (i.e., final pH) of each 24-h exposure period.  For each treatment, the mean initial pH (e.g., averaging the initial
pH measured each day for a given treatment) and the mean final pH (e.g., averaging the final pH measured each day
for a given treatment) must be reported.  pH measurements taken during the test must confirm that pH was
effectively maintained at the target pH in the controlled-pH treatment.  For each treatment, the mean initial pH and
the mean final pH should be within ±0.2 pH units of the target pH.  Test procedures for conducting toxicity
identification evaluations (TIEs) also recommend maintaining pH within ±0.2 pH units in pH-controlled tests
(USEPA, 1992).

13.3.6.1.2   Total ammonia also should be measured in each treatment at the outset of parallel testing.  Total
ammonia concentrations greater than 5 mg/L in the 100% effluent are an indicator that toxicity observed in the test
may be due to ammonia (USEPA, 1992).  

13.3.6.1.3   Results from both of the parallel tests (pH-controlled and uncontrolled treatments) must be reported to
the regulatory authority.  If the uncontrolled test meets test acceptability criteria and shows no toxicity at the
permitted instream waste concentration, then the results from this test should be used for determining compliance. 
If the uncontrolled test shows toxicity at the permitted instream waste concentration, then the results from the pH-
controlled test should be used for determining compliance, provided that this test meets test acceptability criteria
and pH was properly controlled (see Subsection 13.3.6.1.1).  

13.3.6.1.4   To confirm that toxicity observed in the uncontrolled test was artifactual and due to pH drift, the results
of the controlled and uncontrolled-pH tests are compared.  If toxicity is removed or reduced in the pH-controlled
treatment, artifactual toxicity due to pH drift is confirmed for the sample.  To demonstrate that a sample result of
artifactual toxicity is representative of a given effluent, the regulatory authority may require additional information
or additional parallel testing before pH control (as described in Subsection 13.3.6.2) is applied routinely to
subsequent testing of the effluent. 

13.3.6.2   The pH can be controlled with the addition of acids and bases and/or the use of a CO2-controlled
atmosphere over the test chambers.  pH is adjusted with acids and bases by dropwise adding 1N NaOH or 1N HCl
(see Subsection 8.8.8).    The addition of acids and bases should be minimized to reduce the amount of additional
ions (Na or Cl) added to the sample.  pH is then controlled using the CO2-controlled atmosphere technique.  This
may be accomplished by placing test solutions and test organisms in closed headspace test chambers, and then
injecting a predetermined volume of CO2 into the headspace of each test chamber (USEPA, 1991b; USEPA, 1992);
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or by placing test chambers in an atmosphere flushed with a predetermined mixture of CO2 and air (USEPA, 1996). 
Prior experimentation will be needed to determine the appropriate CO2/air ratio or the appropriate volume of CO2 to
inject.  This volume will depend upon the sample pH, sample volume, container volume, and sample constituents. 
If more than 5% CO2 is needed, adjust the solutions with acids (1N HCl) and then flush the headspace with no more
than 5% CO2 (USEPA, 1992).  If the objective of the WET test is to determine the toxicity of the effluent in the
receiving water, CO2 is injected to maintain the test pH at the pH of the receiving water (measured at the edge of the
regulatory mixing zone).  If the objective of the WET test is to determine the absolute toxicity of the effluent, CO2 is
injected to maintain the test pH at the pH of the sample upon completion of collection.  USEPA (1991b; 1992) and
Mount and Mount (1992) provide techniques and guidance for controlling test pH using a CO2-controlled
atmosphere.  In pH-controlled testing, control treatments must be subjected to all manipulations that sample
treatments are subjected to.  These manipulations must be shown to cause no lethal or sublethal effects on control
organisms.  In pH-controlled testing, the pH also must be measured in each treatment at the beginning and end of
each 24-h exposure period to confirm that pH was effectively controlled at the target pH level. 

13.4   SAFETY

13.4.1   See Section 3, Health and Safety. 

13.5   APPARATUS AND EQUIPMENT 

13.5.1   Ceriodaphnia and algal culture units -- See Ceriodaphnia and algal culturing methods below and algal
culturing methods in Section 14 and USEPA, 2002a. 
 
13.5.2   Samplers -- automatic sampler, preferably with sample cooling capability, capable of collecting a 24-h
composite sample of 5 L or more.

13.5.3   Sample containers -- for sample shipment and storage (see Section 8, Effluent and Receiving Water
Sampling, Sample Handling, and Sample Preparation for Toxicity Tests).

13.5.4   Environmental chambers, incubators, or equivalent facilities with temperature control (25 ± 1EC).

13.5.5   Water purification system -- MILLIPORE MILLI-Q®, deionized water or equivalent (see Section 5,
Facilities, Equipment, and Supplies).

13.5.6   Balance -- analytical, capable of accurately weighing 0.00001 g.

13.5.7   Reference weights, Class S -- for checking performance of balance.  Weights should bracket the expected
weights of the material to be weighed.
 
13.5.8   Test chambers -- 10 test chambers are required for each concentration and control.  Test chambers such as
30-mL borosilicate glass beakers or disposable polystyrene cups are recommended because they will fit in the
viewing field of most stereoscopic microscopes.  The glass beakers and plastic cups are rinsed thoroughly with
dilution water before use.  To avoid potential contamination from the air and excessive evaporation of the test
solutions during the test, the test vessels should be covered with safety glass plates or sheet plastic (6 mm thick).

13.5.9   Mechanical shaker or magnetic stir plates -- for algal cultures. 

13.5.10   Light meter -- with a range of 0-200 µE/m2/s (0-1000 ft-c). 

13.5.11   Fluorometer (optional) -- equipped with chlorophyll detection light source, filters, and photomultiplier
tube (Turner Model 110 or equivalent).

13.5.12   UV-VIS spectrophotometer (optional) -- capable of accommodating 1-5 cm cuvettes. 
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13.5.13   Cuvettes for spectrophotometer -- 1-5 cm light path.
 
13.5.14   Electronic particle counter (optional) --  Coulter Counter, ZBI, or equivalent, with mean cell (particle)
volume determination. 

13.5.15   Microscope with 10X, 45X, and 100X objective lenses, 10X ocular lenses, mechanical stage, substage
condensor, and light source (inverted or conventional microscope) -- for determining sex and verifying
identification.

13.5.16   Dissecting microscope, stereoscopic, with zoom objective, magnification to 50X -- for examining and
counting the neonates in the test vessels.

13.5.17   Counting chamber -- Sedgwick-Rafter, Palmer-Maloney, or hemocytometer.

13.5.18   Centrifuge (optional) -- plankton, or with swing-out buckets having a capacity of 15-100 mL.

13.5.19   Centrifuge tubes -- 15-100 mL, screw-cap. 

13.5.20   Filtering apparatus -- for membrane and/or glass fiber filters. 

13.5.21   Racks (boards) -- to hold test chambers.  It is convenient to use a piece of styrofoam insulation board, 50
cm x 30 cm x 2.5 cm (20 in x 12 in x 1 in), drilled to hold 60 test chambers, in six rows of 10 (see Figure 1). 

13.5.22   Light box -- for illuminating organisms during examination. 

13.5.23   Volumetric flasks and graduated cylinders -- class A, borosilicate glass or non-toxic plastic labware,
10-1000 mL, for culture work and preparation of test solutions.

13.5.24   Pipettors, adjustable volume repeating dispensers -- for feeding.  Pipettors such as the Gilson
REPETMAN®, Eppendorf, Oxford, or equivalent, provide a rapid and accurate means of dispensing small volumes
(0.1 mL) of food to large numbers of test chambers.

13.5.25   Volumetric pipets -- class A, 1-100 mL. 

13.5.26   Serological pipets -- 1-10 mL, graduated.

13.5.27   Pipet bulbs and fillers -- PROPIPET®, or equivalent. 

13.5.28   Disposable polyethylene pipets, droppers, and glass tubing with fire-polished edges, $ 2mm ID -- for
transferring organisms. 
 
13.5.29   Wash bottles -- for rinsing small glassware and instrument electrodes and probes. 

13.5.30   Thermometer, glass or electronic, laboratory grade, -- for measuring water temperatures. 

13.5.31   Bulb-thermograph or electronic-chart type thermometers -- for continuously recording temperature. 

13.5.32   Thermometer, National Bureau of Standards Certified (see USEPA Method 170.1, USEPA 1979b) -- to
calibrate laboratory thermometers.

13.5.33   Meters, DO, pH, and specific conductivity -- for routine physical and chemical measurements.
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13.6   REAGENTS AND CONSUMABLE MATERIALS 

13.6.1   Sample containers -- for sample shipment and storage (see Section 8, Effluent and Receiving Water
Sampling, Sample Handling, and Sample Preparation for Toxicity Tests).

13.6.2   Data sheets (one set per test) -- for recording the data.

13.6.3   Vials, marked -- for preserving specimens for verification (optional).

13.6.4   Tape, colored -- for labeling test vessels.

13.6.5   Markers, waterproof -- for marking containers.

13.6.6   Reagents for hardness and alkalinity tests -- see USEPA Methods 130.2 and 310.1, USEPA, 1979b. 

13.6.7   Buffers, pH 4, pH 7, and pH 10 (or as per instructions of instrument manufacturer) -- for instrument
calibration check (see USEPA Method 150.1, USEPA, 1979b). 

13.6.8   Specific conductivity standards -- see USEPA Method 120.1, USEPA, 1979b.

13.6.9   Membranes and filling solutions for DO probe (see USEPA Method 360.1, USEPA, 1979b), or reagents --
for modified Winkler analysis.

13.6.10   Laboratory quality control samples and standards -- for calibration of the above methods.  

13.6.11   Reference toxicant solutions -- see Section 4, Quality Assurance.

13.6.12   Reagent water -- defined as distilled or deionized water that does not contain substances which are toxic to
the test organisms (see Section 5, Facilities, Equipment, and Supplies).

13.6.13   Effluent, surface water, and dilution water -- see Section 7, Dilution Water; and Section 8, Effluent and
Receiving Water Sampling, Sample Handling, and Sample Preparation for Toxicity Tests.

13.6.14   Trout chow, yeast, and CEROPHYL® food (or substitute food) -- for feeding the cultures and test
organisms.

13.6.14.1   Digested trout chow, or substitute flake food (TETRAMIN®, BIORIL®, or equivalent), is prepared as
follows: 

1. Preparation of trout chow or substitute flake food requires one week.  Use starter or No. 1 pellets
prepared according to current U.S. Fish and Wildlife Service specifications. 

2. Add 5.0 g of trout chow pellets or substitute flake food to 1 L of  MILLI-Q® water.  Mix well in a
blender and pour into a 2-L separatory funnel.  Digest prior to use by aerating continuously from the
bottom of the vessel for one week at ambient laboratory temperature.  Water lost due to evaporation is
replaced during digestion.  Because of the offensive odor usually produced during digestion, the vessel
should be placed in a fume hood or other isolated, ventilated area.

3. At the end of digestion period, place in a refrigerator and allow to settle for a minimum of 1 h.  Filter
the supernatant through a fine mesh screen (i.e., NITEX® 110 mesh).  Combine with equal volumes of
supernatant from CEROPHYLL® and yeast preparations (below).  The supernatant can be used fresh,
or frozen until use.  Discard the sediment.
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13.6.14.2   Yeast is prepared as follows: 

1. Add 5.0 g of dry yeast, such as FLEISCHMANN'S® Yeast, Lake State Kosher Certified Yeast, or
equivalent, to 1 L of MILLI-Q® water.

2. Stir with a magnetic stirrer, shake vigorously by hand, or mix with a blender at low speed, until the
yeast is well dispersed.

3. Combine the yeast suspension immediately (do not allow to settle) with equal volumes of supernatant
from the trout chow (above) and CEROPHYLL® preparations (below).  Discard excess material. 

 
13.6.14.3   CEROPHYLL® is prepared as follows: 

1. Place 5.0 g of dried, powdered, cereal or alfalfa leaves, or rabbit pellets, in a blender.  Cereal leaves,
CEROPHYLL®, or equivalent are available from commercial sources.  Dried, powdered, alfalfa leaves
may be obtained from health food stores, and rabbit pellets are available at pet shops.

2. Add 1 L of MILLI-Q® water. 
3. Mix in a blender at high speed for 5 min, or stir overnight at medium speed on a magnetic stir plate.
4. If a blender is used to suspend the material, place in a refrigerator overnight to settle.  If a magnetic

stirrer is used, allow to settle for 1 h.  Decant the supernatant and combine with equal volumes of
supernatant from trout chow and yeast preparations (above).  Discard excess material.

13.6.14.4   Combined yeast-cerophyl-trout chow (YCT) is mixed as follows: 

1. Thoroughly mix equal (approximately 300 mL) volumes of the three foods as described above.
2. Place aliquots of the mixture in small (50 mL to 100 mL) screw-cap  plastic bottles and freeze until

needed.
3. Freshly prepared food can be used immediately, or it can be frozen until needed.  Thawed food is

stored in the refrigerator between feedings, and is used for a maximum of two weeks.  Do not store
frozen over three months.

4. It is advisable to measure the dry weight of solids in each batch of YCT before use.  The food should
contain 1.7-1.9 g solids/L.  Cultures or test solutions should contain 12-13 mg solids/L.

13.6.15   Algal food -- for feeding the cultures and test organisms.

13.6.15.1   Algal Culture Medium is prepared as follows: 

1. Prepare (five) stock nutrient solutions using reagent grade chemicals as described in Table 1.
2. Add 1 mL of each stock solution, in the order listed in Table 1, to approximately 900 mL of MILLI-Q®

water.  Mix well after the addition of each solution.  Dilute to 1 L, mix well.  The final concentration
of macronutrients and micronutrients in the culture medium is given in Table 2.

3. Immediately filter the medium through a 0.45 µm pore diameter membrane at a vacuum of not more
than 380 mm (15 in.) mercury, or at a pressure of not more than one-half atmosphere (8 psi).  Wash
the filter with 500 mL deionized water prior to use.

4. If the filtration is carried out with sterile apparatus, filtered medium can be used immediately, and no
further sterilization steps are required before the inoculation of the medium.  The medium can also be
sterilized by autoclaving after it is placed in the culture vessels.

5. Unused sterile medium should not be stored more than one week prior to use, because there may be
substantial loss of water by evaporation. 
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TABLE 1.  NUTRIENT STOCK SOLUTIONS FOR MAINTAINING ALGAL STOCK CULTURES  

STOCK COMPOUND AMOUNT DISSOLVED IN
SOLUTION 500 mL MILLI-Q® WATER

1. MACRONUTRIENTS

A. MgCl2@6H2O 6.08 g
CaCl2@2H2O 2.20 g
NaNO3 12.75 g

B. MgSO4@7H2O 7.35 g

C. K2HPO4 0.522 g

D. NaHCO3 7.50 g

2. MICRONUTRIENTS

H3BO3 92.8 mg
MnCl2@4H2O 208.0 mg
ZnCl2 1.64 mg1

FeCl3@6H2O 79.9 mg
CoCl2@6H2O 0.714 mg2

Na2MoO4@2H2O 3.63 mg3

CuCl2@2H2O 0.006 mg4

Na2EDTA@2H2O 150.0 mg
Na2SeO4 1.196 mg5

1 ZnCl2 - Weigh out 164 mg and dilute to 100 mL.  Add 1 mL of this solution to Stock 2,
micronutrients.

2 CoCl2@6H2O - Weigh out 71.4 mg and dilute to 100 mL.  Add 1 mL of this solution to Stock
2, micronutrients.

3 Na2MoO4@2H2O - Weigh out 36.6 mg and dilute to 10 mL.  Add 1 mL of this solution to
Stock 2, micronutrients.

4 CuCl2@2H2O - Weigh out 60.0 mg and dilute to 1000 mL.  Take 1 mL of this solution and
dilute to 10 mL.  Take 1 mL of the second dilution and add to Stock 2, micronutrients.

5 Na2SeO4 - Weigh out 119.6 mg and dilute to 100 mL.  Add 1 mL of this solution to Stock 2,
micronutrients.
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TABLE 2. FINAL CONCENTRATION OF MACRONUTRIENTS AND MICRONUTRIENTS IN THE
CULTURE MEDIUM

MACRONUTRIENT CONCENTRATION ELEMENT CONCENTRATION
(mg/L) (mg/L)   

NaNO3 25.5 N 4.20 
 
MgCl2@6H2O        12.2 Mg 2.90 
 
CaCl2@2H2O 4.41 Ca 1.20 
 
MgSO4@7H2O 14.7 S 1.91 
 
K2HPO4             1.04 P 0.186 
 
NaHCO3         15.0 Na 11.0 
 
                                  K 0.469 
 
                        C 2.14 
 

MICRONUTRIENT CONCENTRATION ELEMENT CONCENTRATION
(µg/L) (µg/L)   

 
H3BO3 185.0 B 32.5 
 
MnCl2@4H2O         416.0 Mn 115.0

ZnCl2 3.27 Zn 1.57 
 
CoCl2@6H2O        1.43 Co 0.354

CuCl2@2H2O 0.012 Cu 0.004 
 
Na2MoO4@2H2O 7.26        Mo 2.88 
 
FeCl3@6H2O 160.0 Fe 33.1 
 
Na2EDTA@2H2O  300.0  --        ----

Na2SeO4      2.39 Se 0.91 
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13.6.15.2   Algal Cultures 

13.6.15.2.1   See Section 6, Test Organisms, for information on sources of "starter" cultures of Selenastrum
capricornutum, S. minutum, and Chlamydomonas reinhardti.

13.6.15.2.2   Two types of algal cultures are maintained: "stock" cultures, and "food" cultures.

13.6.15.2.2.1   Establishing and Maintaining Stock Cultures of Algae: 

1. Upon receipt of the "starter" culture (usually about 10 mL), a stock culture is initiated by aseptically
transferring one milliliter to each of several 250-mL culture flasks containing 100 mL algal culture
medium (prepared as described above).  The remainder of the starter culture can be held in reserve for
up to six months in a refrigerator (in the dark) at 4EC.

2. The stock cultures are used as a source of algae to initiate "food" cultures for Ceriodaphnia dubia
toxicity tests.  The volume of stock culture maintained at any one time will depend on the amount of
algal food required for the Ceriodaphnia dubia cultures and tests.  Stock culture volume may be
rapidly "scaled up" to several liters, if necessary, using 4-L serum bottles or similar vessels, each
containing 3 L of growth medium. 

3. Culture temperature is not critical.  Stock cultures may be maintained at 25EC in environmental
chambers with cultures of other organisms if the illumination is adequate (continuous "cool-white"
fluorescent lighting of approximately 86 ± 8.6 µE/m2/s, or 400 ft-c). 

4. Cultures are mixed twice daily by hand.
5. Stock cultures can be held in the refrigerator until used to start "food" cultures, or can be transferred to

new medium weekly.  One-to-three milliliters of 7-day old algal stock culture, containing
approximately 1.5 X 106 cells/mL, are transferred to each 100 mL of fresh culture medium.  The
inoculum should provide an initial cell density of approximately 10,000-30,000 cells/mL in the new
stock cultures.  Aseptic techniques should be used in maintaining the stock algal cultures, and care
should be exercised to avoid contamination by other microorganisms.

6. Stock cultures should be examined microscopically weekly, at transfer,  for microbial contamination. 
Reserve quantities of culture organisms can be maintained for 6-12 months if stored in the dark at 4EC. 
It is  advisable to prepare new stock cultures from "starter" cultures obtained  from established outside
sources of organisms (see Section 6, Test Organisms) every four to six months.

13.6.15.2.2.2   Establishing and Maintaining "Food" Cultures of Algae: 

1. "Food" cultures are started seven days prior to use for Ceriodaphnia dubia cultures and tests. 
Approximately 20 mL of 7-day-old algal stock culture (described in the previous paragraph),
containing 1.5 X 106 cells/mL, are added to each liter of fresh algal culture medium (i.e., 3 L of
medium in a 4-L bottle, or 18 L in a 20-L bottle).  The inoculum should provide an initial cell density
of approximately 30,000 cells/mL.  Aseptic techniques should be used in preparing and maintaining
the cultures, and care should be exercised to avoid contamination by other microorganisms.  However,
sterility of food cultures is not as critical as in stock cultures because the food cultures are terminated
in 7-10 days.  A one-month supply of algal food can be grown at one time, and stored in the
refrigerator.

2. Food cultures may be maintained at 25EC in environmental chambers with the algal stock cultures or
cultures of other organisms if the illumination is adequate (continuous "cool-white" fluorescent
lighting of approximately 86 ± 8.6 µE/m2/s or 400 ft-c). 

3. Cultures are mixed continuously on a magnetic stir plate (with a medium size stir bar) or in a
moderately aerated separatory funnel, or are mixed twice daily by hand.  If the cultures are placed on a
magnetic stir plate, heat generated by the stirrer might elevate the culture temperature several degrees. 
Caution should be exercised to prevent the culture temperature from rising more than 2-3EC.
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13.6.15.2.3   Preparing Algal Concentrate for Use as Ceriodaphnia dubia Food:

1. An algal concentrate containing 3.0 to 3.5 X 107 cells/mL is prepared from food cultures by
centrifuging the algae with a plankton or bucket-type centrifuge, or by allowing the cultures to settle in
a refrigerator for at least three weeks and siphoning off the supernatant.

2. The cell density (cells/mL) in the concentrate is measured with an  electronic particle counter,
microscope and hemocytometer, fluorometer, or spectrophotometer (see Section 14, Green Alga,
Selenastrum capricornutum Growth Test), and used to determine the dilution (or further
concentration) required to achieve a final cell count of 3.0 to 3.5 X 107/mL.

3. Assuming a cell density of approximately 1.5 X 106 cells/mL in the  algal food cultures at 7 days, and
100% recovery in the concentration process, a 3-L, 7-10 day culture will provide 4.5 X 109 algal cells. 
This number of cells would provide approximately 150 mL of algal cell concentrate (1500 feedings at
0.1 mL/feeding) for use as food.  This would be enough algal food for four Ceriodaphnia dubia tests.

4. Algal concentrate may be stored in the refrigerator for one month.

13.6.15.3   Food Quality

13.6.15.3.1   USEPA recommends Fleishmann's® yeast, Cerophyll®, trout chow, and Selenastrum capricornutum as
the preferred Ceriodaphnia dubia food combination.  This recommendation is based on extensive data developed by
many laboratories which indicated high Ceriodaphnia dubia survival and reproduction in culturing and testing.  The
use of substitute food(s) is acceptable only after side-by-side tests are conducted to determine that the quality of the
substitute food(s) is equal to the USEPA recommended food combination based on survival and reproduction of
Ceriodaphnia dubia.

13.6.15.3.2   The quality of food prepared with newly acquired supplies of yeast, trout chow, dried cereal leaves,
algae, and/or any substitute food(s) should be determined in side-by-side comparisons of Ceriodaphnia dubia
survival and reproduction, using the new food and food of known, acceptable quality, over a seven-day period in
control medium. 

13.6.16   TEST ORGANISMS, DAPHNIDS, CERIODAPHNIA DUBIA

13.6.16.1   Cultures of test organisms should be started at least three weeks before the brood animals are needed, to
ensure an adequate supply of neonates for the test.  Only a few individuals are needed to start a culture because of
their prolific reproduction. 

13.6.16.2   Neonates used for toxicity tests must be obtained from individually cultured organisms.  Mass cultures
may be maintained, however, to serve as a reserve source of organisms for use in initiating individual cultures and
in case of loss of individual cultures.

13.6.16.3   Starter animals may be obtained from commercial sources and may be shipped in polyethylene bottles. 
Approximately 40 animals and 3 mL of food are placed in a l-L bottle filled full with culture water for shipment. 
Animals received from an outside source should be transferred to new culture media gradually over a period of 1-2
days to avoid mass mortality. 

13.6.16.4   It is best to start the cultures with one animal, which is sacrificed after producing young, mounted on a
microscope slide, and retained as a permanent slide mount to facilitate identification and permit future reference. 
The species identification of the stock culture should be verified by preparing slide mounts, regardless of the
number of animals used to start the culture.  The following procedure is recommended for making slide mounts of
Ceriodaphnia dubia (modified from Beckett and Lewis, 1982):

 1. Pipet the animal onto a watch glass.
 2. Reduce the water volume by withdrawing excess water with the pipet.
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 3. Add a few drops of carbonated water (club soda or seltzer water) or 70% ethanol to relax the specimen
so that the post-abdomen is extended.  (Optional:  with practice, extension of the postabdomen may be
accomplished by putting pressure on the cover slip).

 4. Place a small amount (one to three drops) of mounting medium on a glass microscope slide.  The
recommended mounting medium is CMCP-9/10 Medium, prepared by mixing two parts of CMCP-9
with one part of CMCP-10 stained with enough acid fuchsin dye to color the mixture a light pink.  For
more viscosity and faster drying, CMC-10 stained with acid fuchsin may be used.

 5. Using forceps or a pipet, transfer the animal to the drop of mounting medium on the microscope slide.
 6. Cover with a 12 mm round cover slip and exert minimum pressure to remove any air bubbles trapped

under the cover slip.  Slightly more pressure will extend the postabdomen. 
 7. Allow mounting medium to dry.
 8. Make slide permanent by placing varnish around the edges of the coverslip.
 9. Identify to species (see Pennak, 1978; Pennak, 1989; and Berner, 1986).
10. Label with waterproof ink or diamond pencil.
11. Store for permanent record.

13.6.16.5   Mass Culture

13.6.16.5.1   Mass cultures are used only as a "backup" reservoir of organisms. 

13.6.16.5.2   One-liter or 2-L glass beakers, crystallization dishes, "battery jars," or aquaria may be used as culture
vessels.  Vessels are commonly filled to three-fourths capacity.  Cultures are fed daily.  Four or more cultures are
maintained in separate vessels and with overlapping ages to serve as back-up in case one culture is lost due to
accident or other unanticipated problems, such as low DO concentrations or poor quality of food or laboratory
water.

13.6.16.5.3   Mass cultures which will serve as a source of brood organisms for individual culture should be
maintained in good condition by frequent renewal with new culture medium at least twice a week for two weeks. 
At each renewal, the adult survival is recorded, and the offspring and the old medium are discarded.  After two
weeks, the adults are also discarded, and the culture is  re-started with neonates in fresh medium.  Using this
schedule, 1-L cultures will produce 500 to 1000 neonate Ceriodaphnia dubia each week.

13.6.16.6   Individual Culture

13.6.16.6.1   Individual cultures are used as the immediate source of neonates for toxicity tests.

13.6.16.6.2   Individual organisms are cultured in 15 mL of culture medium in 30-mL (1 oz) plastic cups or 30-mL
glass beakers.  One neonate is placed in each cup.  It is convenient to place the cups in the same type of board used
for toxicity tests (see Figure 1).
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Figure 1.  Examples of a test board and randomizing template:  1) test board with positions for six columns of ten
replicate test chambers with each position numbered for recording results on data sheets, 2) cardboard
randomizing template prepared by randomly drawing numbers (1-6) for each position in a row across
the board, and 3) test board (1) placed on top of the randomizing template (2) for the purpose of
assigning the position of test treatments (1-6) within each block (row on the test board).  Following
placement of test chambers, test organisms are allocated using blocking by known parentage.  Test
organisms from a single brood cup are distributed to each treatment within a given block (row on the
test board). 
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13.6.16.6.3   Organisms are fed daily (see Subsection 13.6.16.9) and are transferred to fresh medium a minimum of
three times a week, typically on Monday, Wednesday, and Friday.  On the transfer days, food is added to the new
medium immediately before or after the organisms are transferred.

13.6.16.6.4   To provide cultures of overlapping ages, new boards are started weekly, using neonates from adults
which produce at least eight young in their third or fourth brood.  These adults can be used as sources of neonates
until 14 days of age.  A minimum of two boards are maintained concurrently to provide backup supplies of
organisms in case of problems.

13.6.16.6.5   Cultures which are properly maintained should produce at least 20 young per adult in three broods
(seven days or less).  Typically, 60 adult females (one board) will produce more than the minimum number of
neonates (120) required for two tests.

13.6.16.6.6   Records should be maintained on the survival of brood organisms and number of offspring at each
renewal.  Greater than 20% mortality of adults, or less than an average of 20 young per female would indicate
problems, such as poor quality of culture media or food.  Cultures that do not meet these criteria should not be used
as a source of test organisms.

13.6.16.7   Culture Medium 

13.6.16.7.1   Moderately hard synthetic water prepared using MILLIPORE MILLI-Q® or equivalent deionized water
and reagent grade chemicals or 20% DMW is recommended as a standard culture medium (see Section 7, Dilution
Water).

13.6.16.8   Culture Conditions

13.6.16.8.1   The daphnid, Ceriodaphnia dubia, should be cultured at a temperature of 25 ± 1EC.

13.6.16.8.2   Day/night cycles prevailing in most laboratories will provide adequate illumination for normal growth
and reproduction.  A photoperiod of 16-h of light and 8-h of darkness is recommended.  Light intensity should be
10-20 µE/m2/s or 50 to 100 ft-c. 

13.6.16.8.3   Clear, double-strength safety glass or 6 mm plastic panels are placed on the culture vessels to exclude
dust and dirt, and reduce evaporation. 

13.6.16.8.4   The organisms are delicate and should be handled as carefully and as little as possible so that they are
not unnecessarily stressed.  They are transferred with a pipet of approximately 2-mm bore, taking care to release the
animals under the surface of the water.  Any organism that is injured during handling should be discarded.

13.6.16.9   Food and Feeding

13.6.16.9.1   Feeding the proper amount of the right food is extremely important in Ceriodaphnia dubia culturing. 
The key is to provide sufficient nutrition to support normal reproduction without adding excess food which may
reduce the toxicity of the test solutions, clog the animal's filtering apparatus, or greatly decrease the DO
concentration and increase mortality.  A combination of Yeast, CEROPHYLL®, and Trout chow (YCT), along with
the unicellular green alga, Selenastrum capricornutum, will provide suitable nutrition if fed daily.

13.6.16.9.2   Other algal species (such as S. minutum or Chlamydomonas reinhardti), other substitute food
combinations (such as Flake Fish Food), or different feeding rates may be acceptable as long as performance criteria
are met and side-by-side comparison tests confirm acceptable quality (see Subsection 13.6.15.3).

13.6.16.9.3   Cultures should be fed daily to maintain the organisms in optimum condition so as to provide
maximum reproduction.  Stock cultures which are stressed because they are not adequately fed may produce low
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numbers of young, large numbers of males, and/or ephippial females.  Also, their offspring may produce few young
when used in toxicity tests. 

13.6.16.9.4  Feed as follows:

1. If YCT is frozen, remove a bottle of food from the freezer 1h before feeding time, and allow to thaw. 
2. YCT food mixture and algal concentrates should both be thoroughly mixed by shaking before

dispensing. 
3. Mass cultures are fed daily at the rate of 7 mL YCT and 7 mL algae concentrate/L culture. 
4. Individual cultures are fed at the rate of 0.1 mL YCT and 0.1 mL algae concentrate per 15 mL culture. 
5. Return unused YCT food mixture and algae concentrate to the refrigerator.  Do not re-freeze YCT. 

Discard unused portion after two weeks. 
 
13.6.16.10   It is recommended that chronic toxicity tests be performed monthly with a reference toxicant.  Daphnid,
Ceriodaphnia dubia, neonates less than 24 h old, and all within 8 h of the same age are used to monitor the chronic
toxicity of the reference toxicant to the Ceriodaphnia dubia produced by the culture unit (see Section 4, Quality
Assurance).

13.6.16.11   Record Keeping

13.6.16.11.1   Records, kept in a bound notebook, include (1) source of organisms used to start the cultures, (2) type
of food and feeding times, (3) dates culture were thinned and restarted, (4) rate of reproduction in individual
cultures, (5) daily observations of the condition and behavior of the organisms in the cultures, and (6) dates and
results of reference toxicant tests performed (see Section 4, Quality Assurance).

13.7   EFFLUENT AND RECEIVING WATER COLLECTION, PRESERVATION, AND STORAGE

13.7.1   See Section 8, Effluent and Receiving Water Sampling, Sample Handling, and Sample Preparation for
Toxicity Tests.

13.8   CALIBRATION AND STANDARDIZATION 

13.8.1   See Section 4, Quality Assurance.

13.9   QUALITY CONTROL 

13.9.1   See Section 4, Quality Assurance.

13.10   TEST PROCEDURES 

13.10.1   TEST SOLUTIONS

13.10.1.1   Receiving Waters 

13.10.1.1.1   The sampling point is determined by the objectives of the test.  Receiving water toxicity is determined
with samples used directly as collected  or after samples are passed through a 60 µm NITEX® filter and compared
without dilution, against a control.  For a test consisting of single receiving water and control, approximately 600
mL of sample would be required for each test, assuming 10 replicates of 15 mL, and sufficient additional sample for
chemical analysis. 
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13.10.1.2   Effluents
 
13.10.1.2.1   The selection of the effluent test concentrations should be based on the objectives of the study.  A
dilution factor of 0.5 is commonly used.   A dilution factor of 0.5 provides precision of ± 100%, and testing of
concentrations between 6.25% and 100% effluent using only five effluent concentrations (6.25%, 12.5%, 25%,
50%, and 100%).  Improvements in precision decline rapidly if the dilution factor is increased beyond 0.5, and
precision declines rapidly if a smaller dilution factor is used.  Therefore, USEPA recommends the use of the $
0.5 dilution factor.

13.10.1.2.2   If the effluent is known or suspected to be highly toxic, a lower range of effluent concentrations should
be used (such as 25%, 12.5%, 6.25%, 3.12%, and 1.56%).  If a high rate of mortality is observed during the first
1 to 2 h of the test, additional dilutions should be added at the lower range of effluent concentrations. 

13.10.1.2.3   The volume of effluent required for daily renewal of 10 replicates per concentration, each containing
15 mL of test solution, with a dilution series of 0.5, is approximately 1 L/day.  A volume of 15 mL of test solution is
adequate for the organisms, and will provide a depth in which it is possible to count the animals under a
stereomicroscope with a minimum of re-focusing.  Ten test chambers are used for each effluent dilution and for the
control.  Sufficient test solution (approximately 550 mL) is prepared at each effluent concentration to provide 400
mL additional volume for chemical analyses at the high, medium, and low test concentrations. 

13.10.1.2.4   Tests should begin as soon as possible, preferably within 24 h of sample collection.  The maximum
holding time following retrieval of the sample from the sampling device should not exceed 36 h for off-site toxicity
tests unless permission is granted by the permitting authority.  In no case should the sample be used for the first time
in a test more than 72 h after sample collection (see Section 8, Effluent and Receiving Water Sampling, Sample
Handling, and Sample Preparation for Toxicity Tests).

13.10.1.2.5   Just prior to test initiation (approximately one h) the temperature of sufficient quantity of the sample to
make the test solutions should be adjusted to the test temperature and maintained at that temperature during the
preparation of the test solutions.

13.10.1.2.6   The DO of the test solutions should be checked prior to test initiation.  If any of the solutions are
supersaturated with oxygen, all of the solutions and the control should be gently aerated.  If any solution has a DO
concentration below 4.0 mg/L, all the solutions and the control must be gently aerated.

13.10.1.3   Dilution Water

13.10.1.3.1   Dilution water may be uncontaminated receiving water, a standard synthetic (reconstituted) water, or
some other uncontaminated natural water (see Section 7, Dilution Water).

13.10.2   START OF THE TEST 

13.10.2.1   Label the test chambers with a marking pen.  Use of color-coded tape to identify each treatment and
replicate is helpful.  A minimum of five effluent concentrations and a control are used for each effluent test.  Each
treatment (including the control) must have ten replicates.

13.10.2.2   The test chambers must be randomly assigned to a board using a template (Figure 1) or by using random
numbers (see Appendix A).  Randomizing the position of test chambers as described in Figure 1 (or equivalent) will
assist in assigning test organisms using blocking by known parentage (Subsection 13.10.2.4).  A number of different
templates should be prepared, and the template used for each test should be identified on the data sheet.  The same
template must not be used for every test.
 
13.10.2.3   Neonates less than 24 h old, and all within 8 h of the same age, are required to begin the test.  The
neonates must be obtained from individual cultures using brood boards, as described above in Subsection 13.6.16.6,
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Individual Culture (also see Section 6, Test Organisms).  Neonates must be taken only from adults in individual
cultures that have eight or more young in their third or subsequent broods.  These adults can be used as brood stock
until they are 14 days old.  If the neonates are held more than one or two hours before using in the test, they should
be fed (0.1 mL YCT and 0.1 mL algal concentrate/15 mL of media).  Record the age range of test organisms,
source, and feeding of neonates on test data sheets.

13.10.2.4   Ten brood cups, each with 8 or more young, are randomly selected from a brood board for use in setting
up a test.  To start the test, neonates from these ten brood cups are distributed to each test chamber in the test board
(one per test chamber).  Test organisms must be assigned to test chambers using a block randomization procedure,
such that offspring from a single female are distributed evenly among the treatments, appearing once in every test
concentration.  This arrangement is referred to as “blocking by known parentage”.  The technique used to achieve
blocking by known parentage should be recorded in the test data report.  One effective technique is to block
randomize the test board as described in Figure 1 and transfer one neonate from the first brood cup to each of the six
test chambers in the first row on the test board.  One neonate from the second brood cup is then transferred to each
of the six test chambers in the second row on the test board.  This process is continued until each of the 60 test
chambers contains one neonate.  The set of six test chambers (one for each test treatment) containing organisms
derived from a single female parent is referred to as a block.  When using the technique described in Figure 1, each
row of the test board will represent a block.

13.10.2.4.1   The brood cups and test chambers may be placed on a light table to facilitate counting the neonates. 
However, care must be taken to avoid temperature increase due to heat from the light table.

13.10.2.4.2   Following the allocation of test organisms to the test board, additional neonates might remain in the ten
brood cups that were selected for test setup.  These additional neonates may be discarded, used as future culture
organisms if needed, or used to start additional tests (provided that at least 6 neonates remain and these neonates
continue to meet test organism age requirements).

13.10.2.5   Blocking by known parentage allows the performance of each test organism to be tracked to its parent
culture organism.  This technique ensures that any brood effects (i.e., differences in test organism fecundity or
sensitivity attributable to the source of parentage) are evenly distributed among the test treatments.  Also, by
knowing the parentage of each test organism, blocks consisting largely of males can be omitted from all test
treatments at the end of the test (see Subsection 13.13.1.4), decreasing variability among replicates.

13.10.3   LIGHT, PHOTOPERIOD, AND TEMPERATURE 

13.10.3.1   The light quality and intensity should be at ambient laboratory levels, approximately 10-20 µE/m2/s, or
50 to 100 ft-c, with a photoperiod of 16 h of light and 8 h of darkness. 

13.10.3.2   It is critical that the test water temperature be maintained at 25 ± 1EC to obtain three broods in seven
days. 

13.10.4   DISSOLVED OXYGEN (DO) CONCENTRATION

13.10.4.1   Aeration may affect the toxicity of effluents and should be used only as a last resort to maintain
satisfactory DO concentrations.  The DO concentrations should be measured in the new solutions at the start of the
test (Day 0) and before daily renewal of the test solutions on subsequent days.  The DO concentration should not
fall below 4.0 mg/L (see Section 8, Effluent and Receiving Water Sampling, Sample Handling, and Sample
Preparation for Toxicity Tests).  Aeration is generally not practical during the daphnid, Ceriodaphnia dubia, test.  If
the DO in the effluent and/or dilution water is low, aerate gently before preparing the test solutions.  The aeration
rate should not exceed 100 bubbles/min using a pipet with an orifice of approximately 1.5 mm, such as a 1 ml
KIMAX® serological pipet, or equivalent.  Care should be taken to ensure that turbulence resulting from aeration
does not cause undue physical stress to the organisms.
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13.10.5   FEEDING 

13.10.5.1   The organisms are fed when the test is initiated, and daily thereafter.  Food is added to the fresh medium
immediately before or immediately after the adults are transferred.  Each feeding consists of 0.1 mL YCT and
0.1 mL Selenastrum capricornutum concentrate/15 mL test solution (0.1 mL of algal concentrate containing 3.0-3.5
X 107 cells/mL will provide 2-2.3 X 105 cells/mL in the test chamber). 

13.10.5.2   The YCT and algal suspension can be added accurately to the test chambers by using automatic
pipettors, such as Gilson, Eppendorf, Oxford, or equivalent. 

13.10.6   OBSERVATIONS DURING THE TEST 

13.10.6.1   Routine Chemical and Physical Determinations 

13.10.6.1.1   DO is measured at the beginning and end of each 24-h exposure period in at least one test chamber at
each test concentration and in the control.

13.10.6.1.2   Temperature and pH are measured at the end of each 24-h exposure period in at least one test chamber
at each test concentration and in the control.  Temperature should be monitored continuously or observed and
recorded daily for at least two locations in the environmental control system or the samples.  Temperature should be
measured in sufficient number of test vessels at least at the end of the test to determine the temperature variation in
the environmental chamber.

13.10.6.1.3   The pH is measured in the effluent sample each day before new test solutions are made.

13.10.6.1.4   Conductivity, alkalinity and hardness are measured in each new sample (100% effluent or receiving
water) and in the control.

13.10.6.1.5   Record the data on data sheet (Figure 2).

13.10.6.2   Routine Biological Observations

13.10.6.2.1   Three or four broods are usually obtained in the controls in a 7-day test conducted at 25 ± 1EC.  A
brood is a group of offspring released from the female over a short period of time when the carapace is discarded
during molting.  In the controls, the first brood of two-to-five young is usually released on the third or fourth day of
the test.  Successive broods are released every 30 to 36 h thereafter.  The second and third broods usually consist of
eight to 20 young each.  The total number of young produced by a healthy control organism in three broods often
exceeds 30 per female.  In this three-brood test, offspring from fourth or higher broods should not be counted and
should not be included in the total number of neonates produced during the test.

13.10.6.2.2   The release of a brood may be inadvertently interrupted during the daily transfer of organisms to fresh
test solutions, resulting in a split in the brood count between two successive days.  For example, four neonates of a
brood of five might be released on Day 3, just prior to test solution renewal, and the fifth released just after renewal,
and counted on Day 4.  Partial broods, released over a two-day period, should be counted as one brood.

13.10.6.2.3   Each day, the live adults are transferred to fresh test solutions, and the numbers of live young are
recorded (see data form, Figure 3). The young can be counted with the aid of a stereomicroscope with substage
lighting.  Place the test chambers on a light box over a strip of black tape to aid in counting the neonates.  The
young are discarded after counting.

13.10.6.2.4   Some of the effects caused by toxic substances include, (1) a reduction in the number of young
produced, (2) young may develop in the brood pouch of the adults, but may not be released during the exposure
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period, and (3) partially or fully developed young may be released, but are all dead at the end of the 24-h period. 
Such effects should be noted on the data sheets (Figure 3). 

13.10.6.2.5   Protect the daphnids, Ceriodaphnia dubia, from unnecessary disturbance during the test by carrying
out the daily test observations, solution renewals, and transfer of females carefully.  Make sure the females remain
immersed during the performance of these operations.

13.10.7   DAILY PREPARATION OF TEST CHAMBERS

13.10.7.1   The test is started (Day 0) with new disposable polystyrene cups or precleaned 30-mL borosilicate glass
beakers that are labeled and color-coded with tape.  Each following day, a new set of plastic cups or precleaned
glass beakers is prepared, labeled,  and color-coded with tape similar to the original set.  New solutions are placed in
the new set of test chambers, and the test organisms are transferred from the original test chambers to the new ones
with corresponding labels and color-codes.  Each day, previously used glass beakers are recleaned (see Section 5,
Facilities, Equipment, and Supplies) for the following day, and previously used plastic cups are discarded.
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Discharger: Test Dates:

Location: Analyst:

Control:
Day

1 2 3 4 5 6 7 Remarks
Temp.
D.O. Initial

Final
pH Initial

Final
Alkalinity
Hardness
Conductivity
Chlorine

Conc:
Day

1 2 3 4 5 6 7 Remarks
Temp.
D.O. Initial

Final
pH Initial

Final
Alkalinity
Hardness
Conductivity
Chlorine

Conc:
Day

1 2 3 4 5 6 7 Remarks
Temp.
D.O. Initial

Final
pH Initial

Final
Alkalinity
Hardness
Conductivity
Chlorine

Figure 2. Data form for the daphnid, Ceriodaphnia dubia, survival and reproduction test. Routine chemical
and physical determinations.
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Discharger: Test Dates:

Location: Analyst:

Control:
Day

1 2 3 4 5 6 7 Remarks
Temp.
D.O. Initial

Final
pH Initial

Final
Alkalinity
Hardness
Conductivity
Chlorine

Conc:
Day

1 2 3 4 5 6 7 Remarks
Temp.
D.O. Initial

Final
pH Initial

Final
Alkalinity
Hardness
Conductivity
Chlorine

Conc:
Day

1 2 3 4 5 6 7 Remarks
Temp.
D.O. Initial

Final
pH Initial

Final
Alkalinity
Hardness
Conductivity
Chlorine

Figure 2. Data form for the daphnid, Ceriodaphnia dubia, survival and reproduction test.  Routine chemical
and physical determinations (CONTINUED).
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13.10.8   TEST SOLUTION RENEWAL 

13.10.8.1   Freshly prepared solutions are used to renew the test daily.  For on-site toxicity studies, fresh effluent or
receiving water samples should be collected daily, and no more than 24 h should elapse between collection of the
samples and their use in the tests (see Section 8, Effluent and Receiving Water Sampling, Sample Handling, and
Sample Preparation for Toxicity Tests).  For off-site tests, a minimum of three samples are collected, preferably on
days one, three, and five.  No more than 36 h should elapse between collection of the sample and the first use in the
test.  Maintain the samples in the refrigerator at 0-6EC until used.

13.10.8.2   New test solutions are prepared daily, and the test organisms are transferred to the freshly prepared
solutions using a small-bore (2 mm) glass or polyethylene dropper or pipet.  The animals are released under the
surface of the water so that air is not trapped under the carapace.  Organisms that are dropped or injured are
discarded. 

13.10.9   TERMINATION OF THE TEST 

13.10.9.1   Tests should be terminated when 60% or more of the surviving control females have produced their third
brood, or at the end of 8 days, whichever occurs first.  Because of the rapid rate of development of Ceriodaphnia
dubia, at test termination all observations on organism survival and numbers of offspring should be completed
within two hours.  An extension of more than a few hours in the test period would be a significant part of the brood
production cycle of the animals, and could result in additional broods. In this three-brood test, offspring from fourth
or higher broods should not be counted and should not be included in the total number of neonates produced during
the test.

13.10.9.2   Count the young, conduct required chemical measurements, and complete the data sheets (Figure 3).

13.10.9.3   Any animal not producing young should be examined to determine if it is a male (Berner, 1986).  In
most cases, the animal will need to be placed on a microscope slide before examining (see Subsection 13.6.16.4).

13.10.9.3.1   In general, the occurrence of males in healthy, well-maintained individual cultures is rare.  In
interlaboratory testing of the Ceriodaphnia dubia Survival and Reproduction Test, males were identified in only 7%
(9 of 126 tests) of tests conducted (USEPA, 2001a).  The number of males identified in these tests ranged from 1 to
12.  In five tests containing a large number of males (4-12), laboratories conducting those tests also noted that
organism cultures were experiencing or recovering from some stress.  Since male production in cladoceran
populations is generally associated with conditions of environmental stress (Pennak, 1989), culture conditions
should be examined whenever males are identified in a test.

13.11   SUMMARY OF TEST CONDITIONS AND TEST ACCEPTABILITY CRITERIA

13.11.1   A summary of test conditions and test acceptability criteria is presented in Table 3.

13.12   ACCEPTABILITY OF TEST RESULTS

13.12.1   For the test results to be acceptable, at least 80% of all control organisms must survive, and 60% of
surviving control females must produce at least three broods, with an average of 15 or more young per surviving
female.
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Discharger: Analyst:
Location: Test Start-Date/Time: 
Date Sample Collected: Test Start-Date/time: 

Replicate

Number of
Young

Number
of Adults

Young
per Adult

1 2 3 4 5 6 7 8 9 10
Conc. Day

1
2
3
4
5
6
7

Total

Replicate

Number of
Young

Number
of Adults

Young
per Adult

1 2 3 4 5 6 7 8 9 10
Conc. Day

1
2
3
4
5
6
7

Total

Replicate

Number of
Young

Number
of Adults

Young
per Adult

1 2 3 4 5 6 7 8 9 10
Conc. Day

1
2
3
4
5
6
7

Total

Figure 3.  Data form for the daphnid, Ceriodaphnia dubia, survival and reproduction test.  Daily summary
of data.
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Discharger: Analyst:
Location: Test Start-Date/Time: 
Date Sample Collected: Test Start-Date/time: 

Replicate

Number of
Young

Number
of Adults

Young
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1 2 3 4 5 6 7 8 9 10
Conc. Day

1
2
3
4
5
6
7

Total

Replicate

Number of
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Number
of Adults
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1 2 3 4 5 6 7 8 9 10
Conc. Day

1
2
3
4
5
6
7

Total

Replicate

Number of
Young

Number
of Adults

Young
per Adult

1 2 3 4 5 6 7 8 9 10
Conc. Day

1
2
3
4
5
6
7

Total

Figure 3.  Data form for the daphnid, Ceriodaphnia dubia, survival and reproduction test.  Daily summary
of data (CONTINUED).
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TABLE 3. SUMMARY OF TEST CONDITIONS AND TEST ACCEPTABILITY CRITERIA FOR
DAPHNID, CERIODAPHNIA DUBIA, SURVIVAL AND REPRODUCTION TOXICITY TESTS
WITH EFFLUENTS AND RECEIVING WATERS (TEST METHOD 1002.0)1

1. Test type: Static renewal (required) 

2. Temperature (EC): 25 ± 1EC (recommended) 
Test temperatures should not deviate (i.e., maximum
minus minimum temperature) by more than 3EC
during the test (required) 

3. Light quality: Ambient laboratory illumination (recommended) 

4. Light intensity: 10-20 µE/m2/s, or 50-100 ft-c 
(ambient laboratory levels) (recommended) 

5. Photoperiod: 16 h light, 8 h dark (recommended) 

6. Test chamber size: 30 mL (recommended minimum)

7. Test solution volume: 15 mL (recommended minimum)

8. Renewal of test solutions: Daily (required) 

9. Age of test organisms: Less than 24 h; and all released within a 8-h period
(required)

10. No. neonates per 
test chamber: 1 Assigned using blocking by known parentage

(Subsection 13.10.2.4) (required)

11. No. replicate test 
chambers per concentration: 10 (required minimum) 

12. No. neonates per 
test concentration: 10 (required minimum)

13. Feeding regime: Feed 0.1 mL each of YCT and algal suspension per
test chamber daily (recommended) 

14. Cleaning: Use freshly cleaned glass beakers or new plastic cups
daily (recommended) 

15. Aeration: None (recommended) 

16. Dilution water: Uncontaminated source of receiving or other natural
water, synthetic water prepared using MILLIPORE
MILLI-Q® or equivalent deionized water and reagent
grade chemicals or DMW (see Section 7, Dilution
Water) (available options)

1 For the purposes of reviewing WET test data submitted under NPDES permits, each test condition listed
above is identified as required or recommended (see Subsection 10.2 for more information on test review). 
Additional requirements may be provided in individual permits, such as specifying a given test condition
where several options are given in the method. 
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  TABLE 3. SUMMARY OF TEST CONDITIONS AND TEST ACCEPTABILITY CRITERIA FOR
DAPHNID, CERIODAPHNIA DUBIA, SURVIVAL AND REPRODUCTION TOXICITY
TESTS WITH EFFLUENTS AND RECEIVING WATERS (TEST METHOD 1002.0)
(CONTINUED)

17. Test concentrations: Effluents: 5 and a control (required minimum)
Receiving Water: 100% receiving water (or minimum
of 5) and a control (recommended) 

18. Dilution factor: Effluents:  $ 0.5 (recommended) 
                                   Receiving Waters:  None or $ 0.5 (recommended) 
 

19. Test duration: Until 60% or more of surviving control females have
three broods (maximum test duration 8 days)
(required) 

 
20. Endpoints: Survival and reproduction (required) 

 
21. Test acceptability criteria: 80% or greater survival of all control organisms and

an average of 15 or more young per surviving female
in the control solutions. 60% of surviving control
females must produce three broods (required)

22. Sampling requirements: For on-site tests, samples collected daily and used
within 24 h of the time they are removed from the
sampling device.  For off-site tests, a minimum of
three samples (e.g., collected on days one, three, and
five) with a maximum holding time of 36 h before
first use (see Section 8, Effluent and Receiving Water
Sampling, Sample Handling, and Sample Preparation
for Toxicity Tests, Subsection 8.5.4) (required) 

23. Sample volume required: 1 L/day (recommended) 
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TABLE 4. SUMMARY OF SURVIVAL AND REPRODUCTION DATA FOR THE DAPHNID,
CERIODAPHNIA DUBIA, EXPOSED TO AN EFFLUENT FOR SEVEN DAYS 

No. of Young per Adult No.
Effluent Replicate Live

Concentration 1 2 3 4 5 6 7 8 9 10 Adults
(%)

 
Control 27 30 29 31 16 15 18 17 14 27 10 

1.56 32 35 32 26 18 29 27 16 35 13 10 
3.12 39 30 33 33 36 33 33 27 38 44 10 
6.25 27 34 36 34 31 27 33 31 33 31 10 

12.5 10 13 7 7 7 10 10 16 12 2 10 
25.0 0 0 0 0 0 0 0 0 0 0 2 

13.13   DATA ANALYSIS

13.13.1   GENERAL

13.13.1.1   Tabulate and summarize the data.  A sample set of survival and reproduction data is listed in Table 4.

13.13.1.2   The endpoints of toxicity tests using the daphnid, Ceriodaphnia dubia, are based on the adverse effects
on survival and reproduction.  The LC50, the IC25, the IC50 and the EC50 are calculated using point estimation
techniques, and LOEC and NOEC values for survival and reproduction are obtained using a hypothesis test
approach such as Fisher's Exact Test (Finney, 1948; Pearson and Hartley, 1962), Dunnett's Procedure (Dunnett,
1955) or Steel's Many-one Rank Test (Steel, 1959; Miller, 1981) (see Section 9, Chronic Toxicity Test Endpoints
and Data Analysis).  Separate analyses are performed for the estimation of the LOEC and NOEC endpoints and for
the estimation of the LC50, IC25, IC50 and EC50.  Concentrations at which there is no survival in any of the test
chambers are excluded from the statistical analysis of the NOEC and LOEC for reproduction, but included in the
estimation of the LC50, IC25, IC50, and EC50.  See the Appendices for examples of the manual computations,
program listings, and examples of data input and program output.

13.13.1.3   The statistical tests described here must be used with a knowledge of the assumptions upon which the
tests are contingent.  Tests for normality and homogeneity of variance are included in Appendix B.  The assistance
of a statistician is recommended for analysts who are not proficient in statistics.  

13.13.1.4   At the end of the test, if 50% or more of the surviving organisms in a block are identified as males, the
entire block must be excluded from data analysis for the reproduction endpoint (i.e., calculation of the reproduction
NOEC and IC25 as described in Subsection 13.13.3), but may be used in the analysis of the survival endpoint (i.e.,
calculation of the survival NOEC and LC50 as described in Subsection 13.13.2).  For blocks having fewer than 50%
of surviving organisms identified as males, the males (not the entire block) must be excluded from the analysis of
reproduction (i.e., calculation of the reproduction NOEC and IC25 as described in Subsection 13.13.3), but may be
used in the analysis of survival (i.e., calculation of the survival NOEC and LC50 as described in Subsection
13.13.2).  Note that the exclusion of males from the analysis of reproduction may create unequal sample sizes
among the concentrations, influencing the statistical methods chosen for analysis of reproduction (Figure 6). 
Determinations regarding test acceptability criteria for survival and reproduction (Subsection 13.12) must be made
prior to exclusion of any blocks.  In addition to these test acceptability criteria, if fewer than eight replicates in the
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control remain after excluding males and blocks with 50% or more of surviving organisms identified as males, the
test is invalid and must be repeated with a newly collected sample. 

13.13.2   EXAMPLE OF ANALYSIS OF THE DAPHNID, CERIODAPHNIA DUBIA, SURVIVAL DATA 

13.13.2.1   Formal statistical analysis of the survival data is outlined on the flowchart in Figure 4.  The response
used in the analysis is the number of animals surviving at each test concentration.  Separate analyses are performed
for the estimation of the NOEC and LOEC endpoints and for the estimation of the EC50, LC50, IC25, or IC50
endpoints.  Concentrations at which there is no survival in any of the test chambers are excluded from the statistical
analysis of the NOEC and LOEC, but included in the estimation of the LC, EC, and IC endpoints.

13.13.2.2   Fisher's Exact Test is used to determine the NOEC and LOEC endpoints.  It provides a conservative test
of the equality of any two survival proportions assuming only the independence of responses from a Bernoulli
(binomial) population.  Additional information on Fisher's Exact Test is provided in Appendix G.
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Figure 4.  Flowchart for statistical analysis of the daphnid, Ceriodaphnia dubia, survival data.
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TABLE 5.  FORMAT OF THE 2x2 CONTINGENCY TABLE

Number of Number of 
Successes Failures Observations  

 
Condition 1 a A - a A 

Condition 2 b B - b B 

Total a + b [(A+B) - a - b] A + B

13.13.2.3   Probit Analysis (Finney, 1971; Appendix I) is used to estimate the concentration that causes a specified
percent decrease in survival from the control.  In this analysis, the total number dead at a given concentration is the
response.

13.13.2.4   Example of Analysis of Survival Data 

13.13.2.4.1   The data in Table 4 will be used to illustrate the analysis of survival data from the daphnid,
Ceriodaphnia dubia, Survival and Reproduction Test.  As can be seen from the data in Table 4, there were no
deaths in the 1.56%, 3.12%, 6.25%, and 12.5% concentrations.  These concentrations are obviously not different
from the control in terms of survival.  This leaves only the 25% effluent concentration to be tested statistically for a
difference in survival from the control.

13.13.2.5   Fisher's Exact Test

13.13.2.5.1   The basis for Fisher's Exact Test is a 2x2 contingency table.  From the 2x2 table prepared by
comparing the control and the effluent concentration, determine statistical significance by looking up a value in the
table provided in Appendix G (Table G.5).  However, to use this table the contingency table must be arranged in the
format illustrated in Table 5.

13.13.2.5.2   Arrange the table so that the total number of observations for row one is greater than or equal to the
total for row two (A $ B).  Categorize a success such that the proportion of successes for row one is greater than or
equal to the proportion of successes for row two (a/A $ b/B).  For these data, a success may be 'alive' or 'dead'
whichever causes a/A $ b/B.  The test is then conducted by looking up a value in the table of significance levels of
b and comparing it to the b value given in the contingency table.  The table of significance levels of b is included in
Appendix G, Table G.5.  Enter Table G.5 in the section for A, subsection for B, and the line for a.  If the b value of
the contingency table is equal to or less than the integer in the column headed 0.05 in Table G.5, then the survival
proportion for the effluent concentration is significantly different from that of the control.  A dash or absence of
entry in Table G.5 indicates that no contingency table in that class is significant.

13.13.2.5.3   To compare the control and the effluent concentration of 25%, the appropriate contingency table for
the test is given in Table 6.

13.13.2.5.4   Since 10/10 $ 3/10, the category 'alive' is regarded as a success.  For A = 10, B = 10 and, a = 10, under
the column headed 0.05, the value from Table G.5 is b = 6.  Since the value of b (b = 3) from the contingency table
(Table 6), is less than the value of b (b = 6) from Table G.5 in Appendix G, the test concludes that the proportion
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TABLE 7.  DATA FOR TRIMMED SPEARMAN-KARBER ANALYSIS

Effluent Concentration (%)

Control 1.56 3.12 6.25 12.5 25.0 

Number Dead 0 0 0 0 0 8 
Number Exposed 10 10 10 10 10 10 

surviving in the 25% effluent concentration is significantly different from the control.  Thus the NOEC for survival
is 12.5% and the LOEC is 25%. 

TABLE 6.  2x2 CONTIGENCY TABLE FOR CONTROL AND 25% EFFLUENT

Number of

Alive Dead
Number of

Observations

Condition 1 10 0 10

Condition 2 3 7 10

Total 13 7 20

13.13.2.6   Calculation of the LC50 

13.13.2.6.1   The data used for the Trimmed Spearman-Karber Method are summarized in Table 7.  To perform the
Trimmed Spearman-Karber Method, run the USEPA Trimmed Spearman-Karber Program.  An example of the
program input and output is supplied in Appendix J.

13.13.2.6.2   For this example, with only one partial mortality, Trimmed Spearman-Karber analysis appears
appropriate for this data.

13.13.2.6.3   Figure 5 shows the output for the Trimmed Spearman-Karber Analysis of the data in Table 7 using the
USEPA Program.

13.13.3   EXAMPLE OF ANALYSIS OF THE DAPHNID, CERIODAPHNIA DUBIA, REPRODUCTION      
DATA

13.13.3.1   Formal statistical analysis of the reproduction data is outlined on the flowchart in Figure 6.  The
response used in the statistical analysis is the number of young produced per adult female, which is determined by
taking the total number of young produced until either the time of death of the adult or the end of the experiment,
whichever comes first.  In this three-brood test, offspring from fourth or higher broods should not be counted and
should not be included in the total number of neonates produced during the test.  An animal that dies before
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producing young, if it has not been identified as a male, would be included in the analysis with zero entered as the
number of young produced.  The subsequent calculation of the mean number of live young produced per adult
female for each toxicant concentration provides a combined measure of the toxicant's effect on both mortality and
reproduction.  An IC estimate can be calculated for the reproduction data using a point estimation technique (see
Section 9, Chronic Toxicity Test Endpoints and Data Analysis).  Hypothesis testing can be used to obtain an NOEC
for reproduction.  Concentrations above the NOEC for survival are excluded from the hypothesis test for
reproduction effects.

13.13.3.2   The statistical analysis using hypothesis tests consists of a parametric test, Dunnett's Procedure, and a
nonparametric test, Steel's Many-one Rank Test.  The underlying assumptions of the Dunnett's Procedure, normality
and homogeneity of variance, are formally tested using the Shapiro Wilk's Test for normality, and Bartlett's Test for
homogeneity of variance.  If either of these tests fails, a nonparametric test, Steel's Many-one Rank Test, is used to
determine the NOEC and LOEC.  If the assumptions of Dunnett's Procedure are met, the endpoints are determined
by the parametric test.

13.13.3.3   Additionally, if unequal numbers of replicates occur among the concentration levels tested there are
parametric and nonparametric alternative analyses.  The parametric analysis is a t test with the Bonferroni
adjustment (see Appendix D).  The Wilcoxon Rank Sum Test with the Bonferroni adjustment is the nonparametric
alternative (see Appendix F).

13.13.3.4   The data, mean, and variance of the observations at each concentration including the control are listed in
Table 8.  A plot of the number of young per adult female for each concentration is provided in Figure 7. Since there
is significant mortality in the 25% effluent concentration, its effect on reproduction is not considered.

TABLE 8.  THE DAPHNID, CERIODAPHNIA DUBIA, REPRODUCTION DATA

Effluent Concentration (%)
 

Replicate Control 1.56 3.12 6.25 12.5 

1 27 32 39 27 10
2 30 35 30 34 13
3 29 32 33 36 7
4 31 26 33 34 7
5 16 18 36 31 7
6 15 29 33 27 10
7 18 27 33 33 10
8 17 16 27 31 16
9 14 35 38 33 12

10 27 13 44 31 2

Mean Y'I  22.4 26.3 34.6 31.7 9.4 
Si

2 48.0 64.0 23.4 8.7 15.1 
i 1 2 3 4 5



172

TRIMMED SPEARMAN-KARBER METHOD.  VERSION 1.5       
 
 
 
 
 DATE:   1                  TEST NUMBER: 2            DURATION:    7 Days     
 TOXICANT:  effluent                                       
 SPECIES:   Ceriodaphnia dubia
 
 RAW DATA:  Concentration       Number      Mortalities 

 --- ----   (%)        Exposed 
   .00                  10       0

               1.25   10         0 
               3.12                  10       0 
               6.25                  10       0 
              12.5                   10      0 
              25.0                   10       8 
 
  SPEARMAN-KARBER TRIM:             20.00 % 
 
  SPEARMAN-KARBER ESTIMATES:     LC50:          19.28 
                                         95% CONFIDENCE LIMITS  
                                         ARE NOT RELIABLE. 
 
 NOTE:  MORTALITY PROPORTIONS WERE NOT MONOTONICALLY INCREASING. 
        ADJUSTMENTS WERE MADE PRIOR TO SPEARMAN-KARBER ESTIMATION. 

Figure 5.  Output for USEPA Trimmed Spearman-Karber program.
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Figure 6. Flowchart for the statistical analysis of the daphnid, Ceriodaphnia dubia, reproduction
data.
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Figure 7. Plot of number of young per adult female from a daphnid, Ceriodaphnia dubia, survival and reproduction test.
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TABLE 9.  CENTERED OBSERVATIONS FOR SHAPIRO-WILK'S EXAMPLE

Effluent Concentration (%)

Replicate Control 1.56 3.12 6.25 12.5

1 4.6 5.7 4.4 -4.7 0.6
2 7.6 8.7 -4.6 2.3 3.6 
3 6.6 5.7 -1.6 4.3 -2.4 
4 8.6 -0.3 -1.6 2.3 -2.4 
5 -6.4 -8.3 1.4 -0.7 -2.4 
6 -7.4 2.7 -1.6 -4.7 0.6 
7 -4.4 0.7 -1.6 1.3 0.6 
8 -5.4 -10.3 -7.6 -0.7 6.6 
9 -8.4 8.7 3.4 1.3 2.6 

10 4.6 -13.3 9.4 -0.7 -7.4 

 

13.13.3.5  Test for Normality

13.13.3.5.1  The first step of the test for normality is to center the observations by subtracting the mean of all the
observations within a concentration from each observation in that concentration.  The centered observations are
summarized in Table 9.

13.13.3.5.2  Calculate the denominator, D, of the test statistic: 

D ' 'n
i'1

(Xi& X̄)2

   Where: Xi = the ith centered observation
          

            = the overall mean of the centered observations X̄

            n = the total number of centered observations.

For this set of data,
n = 50 

X̄ '
1
50

(0.0) ' 0.0

D = 1433.4 
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W '
1
D

['k
i'1

ai(X
(n&i%1)&X (i))]

2

W '
1

1433.4
(37.3)2 ' 0.97

13.13.3.5.3  Order the centered observations from smallest to largest 

                  X(1) # X(2) # ...# X(n) 
 
    Where X(i) is the ith ordered observation.  These ordered observations are listed in Table 10.

13.13.3.5.4  From Table 4, Appendix B, for the number of observations, n, obtain the coefficients a1, a2, ..., ak where
k is n/2 if n is even and (n-1)/2 if n is odd.  For the data in this example, n = 50, k = 25.  The ai values are listed in
Table 11.

13.13.3.5.5  Compute the test statistic, W, as follows: 

The differences X(n-i+1) - X(i) are listed in Table 11. 

For this set of data: 
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 TABLE 10.  ORDERED CENTERED OBSERVATIONS FOR SHAPIRO-WILK'S EXAMPLE 

 i X(i) i X(i)

 
1 -13.3 26 0.6 
2 -10.3 27 0.6 
3 -8.4 28 0.7 
4 -8.3 29 1.3 
5 -7.6 30 1.3 
6 -7.4 31 1.4 
7 -7.4 32 2.3 
8 -6.4 33 2.3 
9 -5.4 34 2.6 

10 -4.7 35 2.7 
11 -4.7 36 3.4 
12 -4.6 37 3.6 
13 -4.4 38 4.3 
14 -2.4 39 4.4 
15 -2.4 40 4.6 
16 -2.4 41 4.6 
17 -1.6 42 5.7 
18 -1.6 43 5.7 
19 -1.6 44 6.6 
20 -1.6 45 6.6 
21 -0.7 46 7.6 
22 -0.7 47 8.6 
23 -0.7 48 8.7 
24 -0.3 49 8.7 
25 0.6 50 9.4 
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TABLE 11.  COEFFICIENTS AND DIFFERENCES FOR SHAPIRO-WILK'S EXAMPLE
 
 

i ai X(n-i+1) - X(i) 
 

1 0.3751 22.7 X(50) - X(1) 
2 0.2574 19.0 X(49) - X(2) 
3 0.2260 17.1 X(48) - X(3) 
4 0.2032 16.9 X(47) - X(4) 
5 0.1847 15.2 X(46) - X(5) 
6 0.1691 14.0 X(45) - X(6) 
7 0.1554 14.0 X(44) - X(7) 
8 0.1430 12.1 X(43) - X(8) 
9 0.1317 11.1 X(42) - X(9) 

10 0.1212 9.3 X(41) - X(10) 
11 0.1113 9.3 X(40) - X(11) 
12 0.1020 9.0 X(39) - X(12) 
13 0.0932 8.7 X(38) - X(13) 
14 0.0846 6.0 X(37) - X(14) 
15 0.0764 5.8 X(36) - X(15) 
16 0.0685 5.1 X(35) - X(16) 
17 0.0608 4.2 X(34) - X(17) 
18 0.0532 3.9 X(33) - X(18)

19 0.0459 3.9 X(32) - X(19) 
20 0.0386 3.0 X(31) - X(20) 
21 0.0314 2.0 X(30) - X(21) 
22 0.0244 2.0 X(29) - X(22) 
23 0.0174 1.4 X(28) - X(23) 
24 0.0104 0.9 X(27) - X(24) 
25 0.0035 0.0 X(26) - X(25) 

13.13.3.5.6  The decision rule for this test is to compare W with the critical value found in Table 6, Appendix B.  If
the computed W is less than the critical value, conclude that the data are not normally distributed.  For this example,
the critical value at a significance level of 0.01 and 50 observations (n) is 0.930.  Since W = 0.97 is greater than the
critical value, the conclusion of the test is that the data are normally distributed. 

13.13.3.6  Test for Homogeneity of Variance 

13.13.3.6.1  The test used to examine whether the variation in number of young produced is the same across all
effluent concentrations including the control, is Bartlett's Test (Snedecor and Cochran, 1980).  The test statistic is as
follows: 

   B '

[('P
i'1

Vi) ln S̄ 2
& 'P

i'1
Vi lnS 2

i ]

C

   Where: Vi = degrees of freedom for each effluent concentration and  control, Vi = (ni - 1) 

p = number of levels of effluent concentration and control 
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S̄ 2
'

('P
i'1

ViS
2
i )

'P
i'1

Vi

C ' 1% (3(p&1))&1 ['P
i'1

1
Vi

& ('P
i'1

Vi)
&1]

ni = the number of replicates for concentration i 

          ln = loge 

i = 1, 2, ..., p where p is the number of concentrations including the control 
 

13.13.3.6.2  For the data in this example (see Table 8), all effluent concentrations including the control have the
same number of replicates (ni = 10 for all i).  Thus, Vi = 9 for all i.

13.13.3.6.3  Bartlett's statistic is therefore: 

B ' [(45)ln(31.8)&9'P
i'1

ln(S 2
i )]/1.04

=  [45(3.46) - 9(16.061)]/1.04 

         =  11.15/1.04 

         =  10.72 

13.13.3.6.4  B is approximately distributed as chi-square with p - 1 degrees of freedom, when the variances are in
fact the same.  Therefore, the appropriate critical value for this test, at a significance level of 0.01 with four degrees
of freedom, is 13.3.  Since B = 10.7 is less than the critical value of 13.3, conclude that the variances are not
different. 

13.13.3.7  Dunnett's Procedure 

13.13.3.7.1  To obtain an estimate of the pooled variance for the Dunnett's Procedure, construct an ANOVA table as
described in Table 12.
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TABLE 12.  ANOVA TABLE

Source df Sum of Squares Mean Square(MS) 
(SS) (SS/df) 

                                                  
Between p - 1 SSB  = SSB/(p-1) 

                                                  
Within N - p SSW  = SSW/(N-p) 

 
Total N - 1 SST 

Where: p = number effluent concentrations including the control 

N = total number of observations n1 + n2 ... + np 

ni = number of observations in concentration i 

 Between Sum of SquaresSSB ' 'P
i'1

T 2
i

ni

&
G 2

N

     Total Sum of SquaresSST ' 'P
i'1

'
ni

j'1
Y 2

ij &
G 2

N

     Within Sum of SquaresSSW ' SST&SSB

G = the grand total of all sample observations, G ' 'P
i'1

Ti

T i = the total of the replicate measurements for concentration i 

Yij = the jth observation for concentration i (represents the number of young produced by female j in
effluent concentration i)

13.13.3.7.2  For the data in this example:

n1 = n 2 = n 3 = n 4 = n5 = 10 

N = 50 

T1 = Y11 + Y 12 + . . . + Y110 = 224 
T2 = Y21 + Y 22 + . . . + Y210 = 263 
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TABLE 13.  ANOVA TABLE FOR DUNNETT'S PROCEDURE EXAMPLE 

Source df Sum of Squares Mean 
Square(MS)

(SS) (SS/df)

Between 4 3887.88 971.97

Within 45 1433.40 31.85

Total 49 5321.28

T3 = Y31 + Y 32 + . . . + Y310 = 346 
T4 = Y41 + Y 42 + . . . + Y410 = 317 
T5 = Y51 + Y 52 + . . . + Y510 =  94 

 
G  = T1 + T2 + T3 + T4 + T5 = 1244 

SSB ' 'P
i'1

T 2
i

ni

&
G 2

N

t2 '
(22.4&26.3)

[5.64 ( 1
10

)%( 1
10

)]

' -1.55

SST ' 'P
i'1

'
ni

j'1
Y 2

ij &
G 2

N

' 36,272& (1244)2

50
'5321.28

  = 5321.28 - 3887.88 = 1433.40 SSW ' SST&SSB

                   SB
2  = SSB/(p-1) = 3887.88/(5-1) = 971.97 

                   SW
2  = SSW/(N-p) = 1433.40/(50-5) = 31.85 

13.13.3.7.3  Summarize these calculations in an ANOVA table (Table 13).
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ti '
(Ȳ1& Ȳi)

Sw ( 1
n1

)% ( 1
ni

)

t2 '
(22.4&26.3)

[5.64 ( 1
10

)%( 1
10

)]

' -1.55

TABLE 14.  CALCULATED T VALUES

Effluent Concentration (%) i ti 
 

1.56 2 -1.55 
3.12 3 -4.84 
6.25 4 -3.69 

12.5 5 5.16 

 

13.13.3.7.4  To perform the individual comparisons, calculate the t statistic for each concentration and control
combination as follows:

Where: = mean number of young produced for effluent concentration i Ȳi

       = mean number of young produced for the control Ȳ1

         SW = square root of within mean square 

         n1 = number of replicates for the control 

         ni = number of replicates for concentration i. 

Since we are looking for a decrease in reproduction from the control, the mean for concentration i is subtracted from
the control mean in the t statistic above.  However, if we were looking for an increased response over the control,
the control mean would be subtracted from the mean at a concentration. 
 
13.13.3.7.5  Table 14 includes the calculated t values for each concentration and control combination.  In this
example, comparing the 1.56% concentration with the control the calculation is as follows: 

13.13.3.7.6  Since the purpose of this test is to detect a significant reduction in mean reproduction, a one-sided test
is appropriate.  The critical value for this one-sided test is found in Table 5, Appendix C.  Since an entry for 45
degrees of freedom for error is not provided in the table, the entry for 40 degrees of freedom for error, an alpha level
of 0.05 and four concentrations (excluding the control) will be used, 2.23.  The mean reproduction for concentration
"i" is considered significantly less than the mean reproduction for the control if ti is greater than the critical value. 
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Since t5 is greater than 2.23, the 12.5% concentration has significantly lower reproduction than the control.  Hence
the NOEC and the LOEC for reproduction are 6.25% and 12.5%, respectively.

13.13.3.7.7  To quantify the sensitivity of the test, the minimum significant difference (MSD) that can be
statistically detected may be calculated:

MSD ' d Sw ( 1
n1

)% ( 1
n

)

Where: d = the critical value for the Dunnett's Procedure 

SW = the square root of the within mean square 

n = the common number of replicates at each concentration (this assumes equal replication at each
concentration) 

n1 = the number of replicates in the control. 
 
13.13.3.7.8  In this example:

MSD ' 2.23(5.64) ( 1
10

)%( 1
10

)

 = 2.23 (5.64) (0.447)

= 5.62

13.13.3.7.9  Therefore, for this set of data, the minimum difference that can be detected as statistically significant is
5.62. 

13.13.3.7.10  This represents a 25% decrease in mean reproduction from the control.

13.13.3.8  Calculation of the IC

13.13.3.8.1  The reproduction data in Table 4 are utilized in this example.  As can be seen from Figure 8, the
observed means are not monotonically non-increasing with respect to concentration.  Therefore, the means must be
smoothed prior to calculating the IC.

13.13.3.8.2  Starting with the observed control mean, Y'1= 22.4, and the observed mean for the lowest effluent
concentration,Y'2= 26.3, we see that Y'1 is less than Y'2 .

13.13.3.8.3  Calculate the smoothed means:
                                    
                M1 = M2 = (Y'1+Y'2)/2 = 24.35
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TABLE 15. DAPHNID, CERIODAPHNIA DUBIA, REPRODUCTION MEAN RESPONSE AFTER
SMOOTHING

Response Smoothed
Effluent Means, Yi Means, Mi

Conc. (%) i (young/female) (young/female)

Control 1 22.4 28.75
1.56 2 26.3 28.75
3.12 3 34.6 28.75
6.25 4 31.7 28.75

12.5 5 9.4 9.40
25.0 6 0.0 0.00

13.13.3.8.4  Since Y'3= 34.6 is larger than M2, average Y'3 with the previous concentrations:            
                          

M1 = M2 = M3 = (M1 + M2 +Y'3)/3 = 27.7.

13.13.3.8.5  Additionally,Y'4 = 31.7 is larger than M3, and is pooled with the first three means.  Thus:
(M1 + M2 + M3 +Y'4)/4 = 28.7 = M1 = M2 = M3 = M4

13.13.3.8.6  Since M4 > Y'5 = 9.4, set M5 = 9.4.  Likewise, M5 > Y'6  = 0, and M6 becomes 0.  Table 15 contains the
smoothed means and Figure 8 gives a plot of the smoothed means and the interpolated response curve.

13.13.3.8.7  Estimates of the IC25 and IC50 can be calculated using the Linear Interpolation Method.  A 25%
reduction in reproduction, compared to the controls, would result in a mean reproduction of 21.56 young per adult,
where M1(1 - p/100) = 28.75(1 - 25/100).  A 50% reduction in reproduction, compared to the controls, would result
in a mean reproduction of 14.38 young per adult, where M1(1 - p/100) = 28.75(1 - 50/100).  Examining the
smoothed means and their associated concentrations (Table 15), the two effluent concentrations bracketing 21.56
young per adult are C4 = 6.25% effluent and C5 = 12.5% effluent.  The two effluent concentrations bracketing a
response of 14.38 young per adult are also C4 = 6.25% and C 5 = 12.5%.
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Figure 8. Plot of raw data, observed means, and smoothed means for the daphnid, Ceriodaphnia dubia, reproductive data.
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13.13.3.8.8   Using equation from Section 4.2 in Appendix M, the estimate of the IC25 is as follows:

ICp ' Cj%[M1(1&
p

100
)&Mj]

(C(j%1)&Cj)
(M(j%1)&Mj)

IC25 ' 6.25%[28.75(1& 25
100

)&28.75] (12.5&6.25)
(9.40&28.75)

= 8.57% effluent

13.13.3.8.9   The estimate of the IC50 is as follows:

ICp ' Cj%[M1(1&
p

100
)&Mj]

(C(j%1)&Cj)
(M(j%1)&Mj)

 

IC50 ' 6.25%[28.75(1& 50
100

)&28.75] (12.5&6.25)
(9.40&28.75)

 = 10.89% effluent

13.13.3.8.10   When the ICPIN program was used to analyze this data set for the IC25, requesting 80 resamples, the
estimate of the IC25 was 8.5715% effluent.  The empirical 95% confidence interval for the true mean was 8.3112%
and 9.0418% effluent.  The computer output for this data set is provided in Figure 9.

13.13.3.8.11   When the ICPIN program was used to analyze this data set for the IC50, requesting 80 resamples, the
estimate of the IC50 was 10.8931% effluent.  The empirical 95% confidence interval for the true mean was
10.4373% and 11.6269% effluent.  The computer output for this data set is provided in Figure 10.
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Conc. ID             1         2         3         4         5         6
------------------------------------------------------------------------
Conc. Tested         0      1.56      3.12      6.25      12.5      25.0
------------------------------------------------------------------------
Response  1         27        32        39        27        10         0
Response  2         30        35        30        34        13         0
Response  3         29        32        33        36         7         0
Response  4         31        26        33        34         7         0
Response  5         16        18        36        31         7         0
Response  6         15        29        33        27        10         0
Response  7         18        27        33        33        10         0
Response  8         17        16        27        31        16         0
Response  9         14        35        38        33        12         0
Response 10         27        13        44        31         2         0
------------------------------------------------------------------------
*** Inhibition Concentration Percentage Estimate ***
Toxicant/Effluent: Effluent
Test Start Date: Example   Test Ending Date: 
Test Species: Ceriodaphnia dubia
Test Duration:             7-d
DATA FILE: cdmanual.icp
OUTPUT FILE: cdmanual.i25
-----------------------------------------------------------------------
Conc.     Number     Concentration     Response      Std.       Pooled
 ID     Replicates               %       Means       Dev.   Response Means
-----------------------------------------------------------------------
  1         10             0.000         22.400      6.931     28.750
  2         10             1.560         26.300      8.001     28.750
  3         10             3.120         34.600      4.835     28.750
  4         10             6.250         31.700      2.946     28.750
  5         10            12.500          9.400      3.893      9.400
  6         10            25.000          0.000      0.000      0.000
-----------------------------------------------------------------------
The Linear Interpolation Estimate:     8.5715   Entered P Value: 25
-----------------------------------------------------------------------
Number of Resamplings:   80
The Bootstrap Estimates Mean:   8.5891 Standard Deviation:     0.1831
Original Confidence Limits:   Lower:     8.3112 Upper:     9.0418
Resampling time in Seconds:     2.53  Random Seed: -641671986

Figure 9.  Example of ICPIN program output for the IC25.       
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Conc. ID             1         2         3         4         5         6
------------------------------------------------------------------------
Conc. Tested         0      1.56      3.12      6.25      12.5      25.0
------------------------------------------------------------------------
Response  1         27        32        39        27        10         0
Response  2         30        35        30        34        13         0
Response  3         29        32        33        36         7         0
Response  4         31        26        33        34         7         0
Response  5         16        18        36        31         7         0
Response  6         15        29        33        27        10         0
Response  7         18        27        33        33        10         0
Response  8         17        16        27        31        16         0
Response  9         14        35        38        33        12         0
Response 10         27        13        44        31         2         0
------------------------------------------------------------------------
*** Inhibition Concentration Percentage Estimate ***
Toxicant/Effluent: Effluent
Test Start Date: Example   Test Ending Date: 
Test Species: Ceriodaphnia dubia
Test Duration:             7-d
DATA FILE: cdmanual.icp
OUTPUT FILE: cdmanual.i50
-----------------------------------------------------------------------
Conc.     Number     Concentration     Response      Std.       Pooled
 ID     Replicates               %       Means       Dev.   Response Means
-----------------------------------------------------------------------
  1         10             0.000         22.400      6.931     28.750
  2         10             1.560         26.300      8.001     28.750
  3         10             3.120         34.600      4.835     28.750
  4         10             6.250         31.700      2.946     28.750
  5         10            12.500          9.400      3.893      9.400
  6         10            25.000          0.000      0.000      0.000
-----------------------------------------------------------------------
The Linear Interpolation Estimate:    10.8931   Entered P Value: 50
-----------------------------------------------------------------------
Number of Resamplings:   80
The Bootstrap Estimates Mean:  10.9316 Standard Deviation:     0.3357
Original Confidence Limits:   Lower:    10.4373 Upper:    11.6269
Resampling time in Seconds:     2.58  Random Seed: 172869646

Figure 10.  Example of ICPIN program output for the IC50.
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13.14   PRECISION AND ACCURACY

13.14.1   PRECISION – Data on single-laboratory and multilaboratory precision are described below (Subsections
13.14.1.1 and 13.14.1.2).  Single-laboratory precision is a measure of the reproducibility of test results when tests
are conducted using a specific method under reasonably constant conditions in the same laboratory.  Single-
laboratory precision is synonymous with the terms within-laboratory precision and intralaboratory precision. 
Multilaboratory precision is a measure of the reproducibility of test results from different laboratories using the
same test method and analyzing the same test material.  Multilaboratory precision is synonymous with the term
interlaboratory precision.  Interlaboratory precision, as used in this document, includes both within-laboratory and
between-laboratory components of variability.  In recent multilaboratory studies, these two components of
interlaboratory precision have been displayed separately (termed within-laboratory and between-laboratory
variability) and combined (termed total interlaboratory variability).  The total interlaboratory variability that is
reported from these studies is synonymous with interlaboratory variability reported from other studies where
individual variability components are not separated.

13.14.1.1   Single-Laboratory Precision

13.14.1.1.1   Information on the single-laboratory precision of the daphnid, Ceriodaphnia dubia, survival and
reproduction test is based on the NOEC and LOEC values from nine tests with the reference toxicant sodium
pentachlorophenate (NaPCP) is provided in Table 16.  The NOECs and LOECs of all tests fell in the same
concentration range, indicating maximum possible precision.  Table 17 gives precision data for the IC25 and IC50
values for seven tests with the reference toxicant NaPCP.  Coefficient of variation was 41% for the IC25 and 28%
for the IC50.

13.14.1.1.2   Ten sets of data from six laboratories met the acceptability criteria, and were statistically analyzed
using nonparametric procedures to determine NOECs and LOECs. 

13.14.1.1.3   EPA evaluated within-laboratory precision of the daphnid, Ceriodaphnia dubia, Survival and
Reproduction Test using a database of routine reference toxicant test results from 33 laboratories (USEPA, 2000b). 
The database consisted of 393 reference toxicant tests conducted in 33 laboratories using a variety of reference
toxicants including: cadmium, copper, potassium chloride, sodium chloride, and sodium pentachlorophenate. 
Among the 33 laboratories, the median within-laboratory CV calculated for routine reference toxicant tests was 27%
for the IC25 reproduction endpoint.  In 25% of laboratories, the within-laboratory CV was less than 17%; and in
75% of laboratories, the within-laboratory CV was less than 45%.
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TABLE 16: SINGLE LABORATORY PRECISION OF THE DAPHNID, CERIODAPHNIA DUBIA,
SURVIVAL AND REPRODUCTION TEST, USING NAPCP AS A REFERENCE
TOXICANT1,2

Test NOEC LOEC Chronic
(mg/L) (mg/L) Value

(mg/L)

13 0.25 0.50 0.35
24 0.20 0.60 0.35
3 0.20 0.60 0.35
45 0.30 0.60 0.42
5 0.30 0.60 0.42
6 0.30 0.60 0.42
7 0.30 0.60 0.42
8 0.30 0.60 0.42
9 0.30 0.60 0.42

1  For a discussion of the precision of data from chronic toxicity tests see Section 4, Quality Assurance.
2 Data from Tests performed by Philip Lewis, Aquatic Biology Branch, EMSL-Cincinnati, OH.  Tests were

conduted in reconstituted hard water (hardness = 180 mg CaC03/L; pH - 8.1).
3 Concentrations used in Test 1 were: 0.03, 0.06, 0.12, 0.25, 0.50, 1.0 mg NaPCP/L.
4 Concentrations used in Tests 2 and 3 were: 0.007, 0.022, 0.067, 0.020, 0.60 mg NaPCP/L.
5 Concentrations used in Tests 4 through 9 were: 0.0375, 0.075, 0.150, 0.30, 0.60 mg NaPCP/L.
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 TABLE 17. THE DAPHNID, CERIODAPHNIA DUBIA, SEVEN-DAY SURVIVAL AND 
REPRODUCTION TEST PRECISION FOR A SINGLE LABORATORY USING NAPCP AS
THE REFERENCE TOXICANT (USEPA, 1991a)

Test Number NOEC (mg/L) IC25 (mg/L) IC50 (mg/L)

19 0.30 0.3754 0.4508
46A 0.20 0.0938 0.2608
46B 0.20 0.2213 0.2879
49 0.20 0.2303 0.2912
55 0.20 0.2306 0.3177
56 0.10 0.2241 0.2827

   n 7 7 7
 Mean NA 0.2157 0.2953
 CV(%) NA 41.1 27.9
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13.14.1.2   Multilaboratory Precision 

13.14.1.2.1   A multilaboratory study was performed by the Aquatic Biology Branch, EMSL-Cincinnati in 1985e,
involving a total of 11 analysts in 10 different laboratories (Neiheisel et. al., 1988; USEPA, 1988e).  Each analyst
performed one-to-three seven-day tests using aliquots of a copper-spiked effluent sample, for a total of 25 tests. 
The tests were performed on the same day in all participating laboratories, using a pre-publication draft of Method
1002.0.  The NOECs and LOECs for these tests were within one concentration interval which, with a dilution factor
of 0.5, is equivalent to a two-fold range in concentration (Table 18).

13.14.1.2.2   A second multilaboratory study of Method 1002.0 (using the first edition of this manual; USEPA,
1985c), was coordinated by Battelle, Columbus Division, and involved 11 participating laboratories (Table 19)
(DeGraeve et al., 1989).  All participants used 10% DMW (10% PERRIER® Water) as the culture and dilution
water, and used their own formulation of food for culturing and testing the Ceriodaphnia dubia.  Each laboratory
was to conduct at least one test with each of eight blind samples.  Each test consisted of 10 replicates of one
organism each for five toxicant concentrations and a control.  Of the 116 tests planned, 91 were successfully
initiated, and 70 (77%) met the survival and reproduction criteria for acceptability of the results (80% survival and
nine young per initial female).  If the reproduction criteria of 15 young/female, used in this edition of the method,
had been applied to the results of the interlaboratory study, 22 additional tests would have been unacceptable.  The
overall precision (CV) of the test was 27% for the survival data (7-day LC50s) and 37.5% and 39.0% for the
reproduction data (IC50s and IC25s, respectively).

13.14.1.2.3   In 2000, EPA conducted an interlaboratory variability study of the daphnid, Ceriodaphnia dubia,
Survival and Reproduction Test (USEPA, 2001a; USEPA, 2001b).  In this study, each of 34 participant laboratories
tested 3 or 4 blind test samples that included some combination of blank, effluent, reference toxicant, and receiving
water sample types.  The blank sample consisted of moderately-hard synthetic freshwater, the effluent sample was a
municipal wastewater spiked with KCl, the receiving water sample was a river water spiked with KCl, and the
reference toxicant sample consisted of moderately-hard synthetic freshwater spiked with KCl.  Of the 122
Ceriodaphnia dubia Survival and Reproduction tests conducted in this study, 82.0% were successfully completed
and met the required test acceptability criteria.  Of 27 tests that were conducted on blank samples, none showed
false positive results for survival endpoints, and only one resulted in false positive results for the growth endpoint,
yielding a false positive rate of 3.70%.  Results from the reference toxicant, effluent, and receiving water sample
types were used to calculate the precision of the method.  Table 20 shows the precision of the IC25 for each of these
sample types.  Averaged across sample types, the total interlaboratory variability (expressed as a CV%) was 35.0%
for IC25 results.  Table 21 shows the frequency distribution of survival and growth NOEC endpoints for each
sample type.  For the survival endpoint, NOEC values spanned three concentrations for the reference toxicant and
effluent sample types and two concentrations for the receiving water sample type.  The percentage of values within
one concentration of the median was 97.2%, 91.3%, and 100% for the reference toxicant, effluent, and receiving
water sample types, respectively.  For the growth endpoint, NOEC values spanned five concentrations for the
reference toxicant sample type, three concentrations for the effluent sample type, and two concentrations for the
receiving water sample type.  The percentage of values within one concentration of the median was 83.3%, 100%,
and 100% for the reference toxicant, effluent, and receiving water sample types, respectively.    

13.14.2   ACCURACY

13.14.2.1   The accuracy of toxicity tests cannot be determined.
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TABLE 18. INTERLABORATORY PRECISION FOR THE DAPHNID, CERIODAPHNIA DUBIA,
SURVIVAL AND REPRODUCTION TEST WITH COPPER SPIKED EFFLUENT (USEPA,
1988e) 

Endpoints (% Effluent)
Reproduction Survival

Analyst Test NOEC LOEC NOEC LOEC 

3 1 12 25 25 50 
 

4 1 6 12 12 25 
 

4 2 6 12 25 50 
 

5 1 6 12 12 25 
 

5 2 12 25 12 25 
 

6 1 12 25 25 50 
 

6 2 6 12 25 50 
 

10 1 6 12 12 25 
 

10 2 6 12 12 25 
 

11 1 12 25 25 50 
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TABLE 19. INTERLABORATORY PRECISION DATA FOR THE DAPHNID, CERIODAPHNIA 
DUBIA, SUMMARIZED FOR EIGHT REFERENCE TOXICANTS AND EFFLUENTS
(USEPA, 1991a)

Test Material Mean IC50 CV% Mean IC25 CV%
   

 Sodium chloride 1.34 29.9 1.00 34.3

 Industrial 3.6 83.3 3.2 78.1

 Sodium chloride 0.96 57.4 0.09 44.4

 Pulp and Paper 60.0 28.3 47.3 27.0

 Potassium dichromate 35.8 30.8 23.4 32.7
 
 Pulp and Paper 70.2 7.5 55.7 12.2  
 
 Potassium dichromate 53.2 25.9 29.3 46.8

 Industrial 69.8 37.0 67.3 36.7

n 8 8
Mean 37.5 39.0

Standard Deviation 23.0 19.1
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TABLE 20.  PRECISION OF POINT ESTIMATES FOR VARIOUS SAMPLE TYPES1

Test Endpoint Sample Type
CV (%)2

Within-lab3 Between-lab4 Total5

IC25 Reference toxicant - - -

Effluent 17.4 27.6 32.6

Receiving water - - 37.4

Average 17.4 27.6 35.0

1 From EPA’s WET Interlaboratory Variability Study (USEPA, 2001a; USEPA, 2001b).
2 CVs were calculated based on the within-laboratory component of variability, the between-laboratory

component of variability, and the total interlaboratory variability (including both within-laboratory and
between-laboratory components).  For the reference toxicant sample type a majority of the results were
outside of the test concentration range, so precision estimates were not calculated.  For the receiving water
sample type, within-laboratory and between-laboratory components of variability could not be calculated
since the study design did not provide within-laboratory replication for this sample type.

3 The within-laboratory (intralaboratory) component of variability for duplicate samples tested at the same
time in the same laboratory.

4 The between-laboratory component of variability for duplicate samples tested at different laboratories.
5 The total interlaboratory variability, including within-laboratory and between-laboratory components of

variability.  The total interlaboratory variability is synonymous with interlaboratory variability reported
from other studies where individual variability components are not separated. 
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TABLE 21. FREQUENCY DISTRIBUTION OF HYPOTHESIS TESTING RESULTS FOR VARIOUS
SAMPLE TYPES1

Test Endpoint Sample Type
Median
NOEC
Value

% of Results at
the Median

% of Results
±12

% of Results 
$23

Survival NOEC Reference toxicant 100% 97.2 0.00 2.78

Effluent 25% 65.2 26.1 8.70

Receiving water 25% 90.0 10.0 0.00

Growth 
NOEC Reference toxicant 100% 72.2 11.1 16.7

Effluent 12.5% 70.8 29.2 0.00

Receiving water 25% 70.0 30.0 0.00

1 From EPA’s WET Interlaboratory Variability Study (USEPA, 2001a; USEPA, 2001b).
2 Percent of values at one concentration interval above or below the median.  Adding this percentage to the

percent of values at the median yields the percent of values within one concentration interval of the median.
3 Percent of values two or more concentration intervals above or below the median.
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SECTION 14

TEST METHOD

GREEN ALGA, SELENASTRUM CAPRICORNUTUM, GROWTH TEST
METHOD 1003.0

14.1   SCOPE AND APPLICATION

14.1.1   This method measures the chronic toxicity of effluents and receiving water to the freshwater green alga,
Selenastrum capricornutum, in a four-day static test.  The effects include the synergistic, antagonistic, and additive
effects of all the chemical, physical, and biological components which adversely affect the physiological and
biochemical functions of the test organisms. 
 
14.1.2   Detection limits of the toxicity of an effluent or pure substance are organism dependent.

14.1.3   Brief excursions in toxicity may not be detected using 24-h composite samples.  Also, because of the long
sample collection period involved in composite sampling, and because the test chambers are not sealed, highly
degradable or highly volatile toxicants present in the source may not be detected in the test.

14.1.4   This test method is commonly used in one of two forms:  (1) a definitive test, consisting of a minimum of
five effluent concentrations and a control, and (2) a receiving water test(s), consisting of one or more receiving
water concentrations and a control.

14.1.5   This test is very versatile because it can also be used to identify wastewaters which are biostimulatory and
may cause nuisance growths of algae, aquatic weeds, and other organisms at higher trophic levels. 

14.2   SUMMARY OF METHOD

14.2.1   A green alga, Selenastrum capricornutum, population is exposed in a static system to a series of
concentrations of effluent, or to receiving water, for 96 h.  The response of the population is measured in terms of
changes in cell density (cell counts per mL), biomass, chlorophyll content, or absorbance. 

14.3   INTERFERENCES 

14.3.1   Toxic substances may be introduced by contaminants in dilution water, glassware, sample hardware, and
testing equipment (see Section 5, Facilities, Equipment, and Supplies).

14.3.2   Adverse effects of high concentrations of suspended and/or dissolved solids, color, and extremes of pH may
mask the presence of toxic substances.

14.3.3   Improper effluent sampling and handling may adversely affect test results (see Section 8, Effluent and
Receiving Water Sampling, Sample Handling, and Sample Preparation for Toxicity Tests).

14.3.4   Pathogenic organisms and/or planktivores in the dilution water and effluent may affect test organism
survival and growth, and confound test results. 

14.3.5   Nutrients in the effluent or dilution water may confound test results. 

14.4   SAFETY

14.4.1   See Section 3, Safety and Health. 
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14.5   APPARATUS AND EQUIPMENT 

14.5.1   Laboratory Selenastrum capricornutum culture unit -- see culturing methods below and USEPA, 2002a.  To
test effluent toxicity, sufficient numbers of log-phase-growth organisms must be available. 
 
14.5.2   Samplers -- automatic sampler, preferably with sample cooling capability, that can collect a 24-h composite
sample of 5 L or more. 

14.5.3   Sample containers -- for sample shipment and storage (see Section 8, Effluent and Receiving Water
Sampling, Sample Handling, and Sample Preparation for Toxicity Tests). 
 
14.5.4   Environmental chamber, incubator, or equivalent facility -- with "cool-white" fluorescent illumination (86 ±
8.6 µE/m2/s, 400 ± 40 ft-c, or 4306 lux) and temperature control (25 ± 1EC). 
 
14.5.5   Mechanical shaker -- capable of providing orbital motion at the rate of 100 cycles per minute (cpm). 

14.5.6   Light meter -- with a range of 0-200 µE/m2/s (0-1000 ft-c). 

14.5.7   Water purification system -- MILLIPORE MILLI-Q®, deionized water or equivalent (see Section 5,
Facilities, Equipment, and Supplies). 

14.5.8   Balance -- analytical, capable of accurately weighing 0.00001 g. 

14.5.9   Reference weights, class S -- for checking performance of balance. 

14.5.10   Volumetric flasks and graduated cylinders -- class A, 10-1000 mL, borosilicate glass, for culture work and
preparation of test solutions. 

14.5.11   Volumetric pipets -- class A, 1-100 mL. 

14.5.12   Serological pipets -- 1-10 mL, graduated. 

14.5.13   Pipet bulbs and fillers -- PROPIPET®, or equivalent. 

14.5.14   Wash bottles -- for rinsing small glassware, instrument electrodes, and probes. 

14.5.15   Test chambers -- four 125 or 250 mL borosilicate, Erlenmeyer flasks, with foam plugs or stainless steel or
Shumadzu closures.  For special glassware cleaning requirements (see Section 5, Facilities, Equipment, and
Supplies).

14.5.16   Culture chambers -- 1-4 L borosilicate, Erlenmeyer flasks. 

14.5.17   Thermometers, glass or electronic, laboratory grade -- for measuring water temperatures. 

14.5.18   Bulb-thermograph or electronic-chart type thermometers -- for continuously recording temperature. 

14.5.19   Thermometer, National Bureau of Standards Certified, (see USEPA Method 170.1, USEPA, 1979b) -- to
calibrate laboratory thermometers. 

14.5.20   Meters, pH and specific conductivity -- for routine physical and chemical measurements.

14.5.21   Tissue grinder -- for chlorophyll extraction. 
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14.5.22   Fluorometer (Optional) -- equipped with chlorophyll detection light source, filters, and photomultiplier
tube (Turner Model 110 or equivalent).

14.5.23   UV-VIS spectrophotometer -- capable of accommodating 1-5 cm cuvettes. 

14.5.24   Cuvettes for spectrophotometer -- 1-5 cm light path. 

14.5.25   Electronic particle counter (Optional) -- Coulter Counter, Model ZBI, or equivalent, with mean cell
(particle) volume determination.

14.5.26   Microscope -- with 10X, 45X, and 100X objective lenses, 10X ocular lenses, mechanical stage, substage
condenser, and light source (inverted or conventional microscope).

14.5.27   Counting chamber -- Sedgwick-Rafter, Palmer-Maloney, or hemocytometer.

14.5.28   Centrifuge -- with swing-out buckets having a capacity of 15-100 mL.

14.5.29   Centrifuge tubes -- 15-100 mL, screw-cap. 

14.5.30   Filtering apparatus -- for membrane and/or glass fiber filters. 

14.6   REAGENTS AND CONSUMABLE MATERIALS 

14.6.1   Sample containers -- for sample shipment and storage (see Section 8, Effluent and Receiving Water
Sampling, Sample Handling, and Sample Preparation  for Toxicity Tests).

14.6.2   Data sheets (one set per test) -- for recording data.

14.6.3   Tape, colored -- for labeling test chambers.

14.6.4   Markers, waterproof -- for marking containers, etc.  

14.6.5   Reagents for hardness and alkalinity tests -- see USEPA Methods 130.2 and 310.1, USEPA, 1979b.

14.6.6   Buffers pH 4, pH 7, and pH 10 (or as per instructions of instrument manufacturer) for instrument calibration
(see USEPA Method 150.1, USEPA, 1979b).

14.6.7   Specific conductivity standards (see USEPA Method 120.1, USEPA, 1979b).

14.6.8   Standard particles -- such as chicken or turkey fibroblasts or polymer microspheres, 5.0 ± 0.03 µm diameter,
65.4 µm3 volume, for calibration of electronic particle counters.

14.6.9   Membranes and filling solutions for DO probe (see USEPA Method 360.1, USEPA, 1979b), or reagents --
for modified Winkler analysis.

14.6.10   Laboratory quality control samples and standards -- for calibration of the above methods.

14.6.11   Reference toxicant solutions -- see Section 4, Quality Assurance.

14.6.12   Reagent water -- defined as distilled or deionized water that does not contain substances which are toxic to
the test organisms (see Section 5, Facilities, Equipment, and Supplies). 
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14.6.13   Effluent or receiving water and dilution water -- see Section 7, Dilution Water; and Section 8, Effluent and
Receiving Water Sampling, Sample Handling, and Sample Preparation for Toxicity Testing.

14.6.14   Acetone -- pesticide-grade or equivalent. 

14.6.15   Dilute (10%) hydrochloric acid -- carefully add 10 mL of concentrated HCl to 90 mL of MILLI-Q® water. 

14.6.16   TEST ORGANISMS, GREEN ALGA, SELENASTRUM CAPRICORNUTUM 

14.6.16.1   Selenastrum capricornutum, a unicellular coccoid green alga, is the test organism.  The genus and
species name of this organism was formally changed to Pseudokirchneriella subcapitata (Hindak, 1990), however,
the method manual will continue to refer to Selenastrum capricornutum to maintain consistency with previous
versions of the method.

14.6.16.2   Algal Culture Medium is prepared as follows: 

14.6.16.2.1   Prepare (five) stock nutrient solutions using reagent grade chemicals as described in Table 1.  

14.6.16.2.2   Add 1 mL of each stock solution, in the order listed in Table 1, to approximately 900 mL of MILLI-Q®

water.  Mix well after the addition of each solution.  Dilute to 1 L, mix well, and adjust the pH to 7.5 ± 0.1, using
0.1N NaOH or HCl, as appropriate.  The final concentration of macronutrients and micronutrients in the culture
medium is given in Table 2.

14.6.16.2.3   Immediately filter the pH-adjusted medium through a 0.45 µm pore diameter membrane at a vacuum of
not more than 380 mm (15 in.) mercury, or at a pressure of not more than one-half atmosphere (8 psi).  Wash the
filter with 500 mL deionized water prior to use.

14.6.16.2.4   If the filtration is carried out with sterile apparatus, filtered medium can be used immediately, and no
further sterilization steps are required before the inoculation of the medium.  The medium can also be sterilized by
autoclaving after it is placed in the culture vessels.  If a 0.22 µg filter is used no sterilization is needed.

14.6.16.2.5   Unused sterile medium should not be stored more than one week prior to use, because there may be
substantial loss of water by evaporation.

14.6.16.2.6   When prepared according to Table 1, the micronutrient stock solution contains
ethylenediaminetetraacetic acid (EDTA).  EPA requires the addition of EDTA to nutrient stock solutions when
conducting the Selenastrum capricornutum Growth Test and submitting data under NPDES permits.  The use of
EDTA improves test method performance by reducing the incidence of false positives and increasing test method
precision.  In interlaboratory testing of split samples analyzed with and without the addition of EDTA, false positive
rates were 0.00% with EDTA and 33.3% without EDTA (USEPA, 2001a).  Interlaboratory variability, expressed as
the CV for IC25 values, was 34.3% with EDTA and 58.5% without EDTA (USEPA, 2001a).  While the addition of
EDTA improves test performance, EPA also cautions that the addition of EDTA may cause the Selenastrum
capricornutum Growth Test to underestimate the toxicity of metals.  Regulatory authorities should consider this
possibility when selecting test methods for monitoring effluents that are suspected to contain metals.  As
recommended in EPA’s Technical Support Document for Water Quality-Based Toxics Control (USEPA, 1991a),
the most sensitive of at least three test species from different phyla should be used for monitoring the toxicity of
effluents. 
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 TABLE 1. NUTRIENT STOCK SOLUTIONS FOR MAINTAINING ALGAL STOCK CULTURES AND
TEST CONTROL CULTURES

 

STOCK COMPOUND AMOUNT DISSOLVED IN
SOLUTION 500 mL MILLI-Q® WATER

1. MACRONUTRIENTS

A. MgCl2@6H2O 6.08 g
CaCl2@2H2O 2.20 g
NaNO3 12.75 g

B. MgSO4@7H2O 7.35 g

C K2HPO4 0.522 g

D. NaHCO3 7.50 g

2. MICRONUTRIENTS

H3BO3 92.8 mg
MnCl2@4H2O 208.0 mg 
ZnCl2 1.64 mg1

FeCl3@6H2O 79.9  mg 
CoCl2@6H2O 0.714 mg2

Na2MoO4@2H2O 3.63 mg3 
CuCl2@2H2O 0.006 mg4

Na2EDTA@2H2O 150.0 mg
Na2SeO4 1.196 mg5

1 ZnCl2 - Weigh out 164 mg and dilute to 100 mL.  Add 1 mL of this solution to Stock 2, micronutrients.
2 CoCl2@6H2O - Weigh out 71.4 mg and dilute to 100 mL.  Add 1 mL of this solution to Stock 2,

micronutrients.
3 Na2MoO4@2H2O - Weigh out 36.6 mg and dilute to 10 mL.  Add 1 mL of this solution to Stock 2,

micronutrients.
4 CuCl2@2H2O - Weigh out 60.0 mg and dilute to 1000 mL.  Take 1 mL of this solution and dilute to 10 mL. 

Take 1 mL of the second dilution and add to Stock 2, micronutrients.
5 Na2SeO4 - Weigh out 119.6 mg and dilute to 100 mL.  Add 1 mL of this solution to Stock 2,

micronutrients.
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    TABLE 2. FINAL CONCENTRATION OF MACRONUTRIENTS AND MICRONUTRIENTS IN THE
CULTURE MEDIUM

MACRONUTRIENT CONCENTRATION ELEMENT CONCENTRATION
(mg/L) (mg/L)

NaNO3 25.5 N 4.20 
 
MgCl2@6H2O        12.2 Mg 2.90 
 
CaCl2@2H2O 4.41 Ca 1.20 
 
MgSO4@7H2O 14.7 S 1.91 
 
K2HPO4             1.04 P 0.186 
 
NaHCO3         15.0 Na 11.0 
 
                                  K 0.469 
 
                        C 2.14 
 
MICRONUTRIENT CONCENTRATION ELEMENT CONCENTRATION

(µg/L) (µg/L)
 
H3BO3 185.0 B 32.5 
 
MnCl2@4H2O         416.0 Mn 115.0

ZnCl2 3.27 Zn 1.57 
 
CoCl2@6H2O        1.43 Co 0.354

CuCl2@2H2O 0.012 Cu 0.004 
 
Na2MoO4@2H2O 7.26        Mo 2.88 
 
FeCl3@6H2O 160.0 Fe 33.1 
 
Na2EDTA@2H2O  300.0  --        ----

Na2SeO4      2.39 Se 0.91 
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14.6.16.3   Stock Algal Cultures

14.6.16.3.1   See Section 6, Test Organisms, for information on sources of "starter" cultures of the green alga,
Selenastrum capricornutum.

14.6.16.3.2   Upon receipt of the "starter" culture (usually about 10 mL), a stock culture is initiated by aseptically
transferring 1 mL to a culture flask containing control algal culture medium (prepared as described above).  The
volume of stock culture medium initially prepared will depend upon the number of test flasks to be inoculated later
from the stock, or other planned uses, and may range from 25 mL in a 125 mL flask to 2 L in a 4-L flask.  The
remainder of the starter culture can be held in reserve for up to six months in a refrigerator (in the dark) at 4EC. 

14.6.16.3.3   Maintain the stock cultures at 25 ± 1EC, under continuous "Cool-White" fluorescent lighting of 86 ±
8.6 µE/m2/s (400 ± 40 ft-c). Shake continuously at 100 cpm or twice daily by hand.
 
14.6.16.3.4   Transfer 1 to 2 mL of stock culture weekly to 50 - 100 mL of new culture medium to maintain a
continuous supply of "healthy" cells for tests. Aseptic techniques should be used in maintaining the algal cultures,
and extreme care should be exercised to avoid contamination.  Examine the stock cultures with a microscope for
contaminating microorganisms at each transfer.

14.6.16.3.5   Viable unialgal culture material may be maintained for long periods of time if placed in a refrigerator
at 4EC. 

14.6.16.4   It is recommended that chronic toxicity tests be performed monthly with a reference toxicant.  Algal cells
four to seven days old are used to monitor the chronic toxicity (growth) of the reference toxicant to the algal stock
produced by the culture unit (see Section 4, Quality Assurance, Subsection 4.17).

14.6.16.5   Record Keeping

14.6.16.5.1   Records, kept in a bound notebook, include (1) dates culture media was prepared, (2) source of
"starter" cultures, (3) date stock cultures were started, (4) cell density in stock cultures, and (5) dates and results of
reference toxicant tests performed (see Section 4, Quality Assurance).

14.7   EFFLUENT AND RECEIVING WATER COLLECTION, PRESERVATION, AND STORAGE 

14.7.1   See Section 8, Effluent and Receiving Water Sampling, Sample Handling, and Sample Preparation for
Toxicity Tests.

14.8   CALIBRATION AND STANDARDIZATION 

14.8.1   See Section 4, Quality Assurance.

14.9   QUALITY CONTROL

14.9.1   See Section 4, Quality Assurance.

14.10   TEST PROCEDURES

14.10.1   TEST SOLUTIONS

14.10.1.1   Receiving Waters

14.10.1.1.1   The sampling point is determined by the objectives of the test.  Receiving water toxicity is determined
with samples used directly as collected or after samples are passed through a 60 µm NITEX® filter and compared
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without dilution against a control.  Using four replicate chambers per test, each containing 100 mL and 400 mL for
chemical analyses, would require approximately 1 L or more of sample for the test. 

14.10.1.2   Effluents 

14.10.1.2.1   The selection of the effluent test concentrations should be based on the objectives of the study.  A
dilution factor of 0.5 is commonly used.  A dilution factor of 0.5 provides precision of ± 100%, and testing of
concentrations between 6.25% and 100% effluent using five effluent concentrations (6.25%, 12.5%, 25%, 50%, and
100%).  Improvements in precision decline rapidly if the dilution factor is increased beyond 0.5 and precision
declines rapidly if a smaller dilution factor is used.  Therefore, USEPA recommends using a $ 0.5 dilution
factor. 

14.10.1.2.2   If the effluent is known or suspected to be highly toxic, a lower range of effluent concentrations should
be used (such as 25%, 12.5%, 6.25%, 3.12%, and 1.56%).  If a high rate of mortality is observed during the first
1 to 2 h of the test, additional dilutions should be added at the lower range of the effluent concentrations.

14.10.1.2.3   The volume of effluent required for the test is 1 to 2 L.  Sufficient test solution (approximately 900 or
1500 mL) is prepared at each effluent concentration to provide 400 mL additional volume for chemical analyses at
the high, medium, and low test concentrations.  There is no daily renewal of test solution.  

14.10.1.2.4   Tests should begin as soon as possible, preferably within 24 h of sample collection.  The maximum
holding time following retrieval of the sample from the sampling device should not exceed 36 h for off-site toxicity
tests unless permission is granted by the permitting authority.  In no case should the sample be usedfor the first time
in a test more than 72 h after sample collection (see Section 8, Effluent and Receiving Water Sampling, Sample
Handling, and Sample Preparation for Toxicity Tests).

14.10.1.2.5   Just prior to test initiation (approximately 1 h) the temperature of sufficient quantity of the sample to
make test solutions should be adjusted to the test temperature and maintained at that temperature during the addition
of dilution water.

14.10.1.2.6   The DO of the test solutions should be checked prior to test initiation.  If any of the solutions are
supersaturated with oxygen, all of the solutions and the control should be gently aerated.  If or any solution has a
DO concentration below 4.0 mg/L, all of the solutions and the control must be gently aerated.

14.10.1.2.7   Effluents may be toxic and/or nutrient poor.  "Poor" growth in an algal toxicity test, therefore, may be
due to toxicity or nutrient limitation, or both.  To eliminate false negative results due to low nutrient concentrations,
1 mL of each stock nutrient solution is added per liter of effluent prior to use in preparing the test dilutions.  Thus,
all test treatments and controls will contain at a minimum the concentration of nutrients in the stock culture medium. 

14.10.1.2.8   If samples contain volatile substances, the test sample should be added below the surface of the
dilution water towards the bottom of the test container through an appropriate delivery tube.

14.10.1.3   Dilution Water

14.10.1.3.1   Dilution water may be stock culture medium, any uncontaminated receiving water, a standard synthetic
(reconstituted) water, or some other natural water (see Section 7, Dilution Water).  However, if water other than the
stock culture medium is used for dilution water, 1 mL of each stock nutrient solution should be added per liter of
dilution water.  Natural waters used as dilution water must be filtered through a prewashed filter, such as a GF/A,
GF/C, or equivalent filter, that provides 0.45 µm particle size retention. 

14.10.1.3.2   If the growth of the algae in the test solutions is to be measured with an electronic particle counter, the
effluent and dilution water must be filtered through a GF/A or GF/C filter, or other filter providing 0.45 µm particle
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size retention, and checked for "background" particle count before it is used in the test.  Glass-fiber filters generally
provide more rapid filtering rates and greater filtrate volume before plugging. 

14.10.1.4   Preparation of Inoculum 

14.10.1.4.1   The inoculum is prepared no more than 2 to 3 h prior to the beginning of the test, using Selenastrum
capricornutum harvested from a four- to-seven-day stock culture.  Each milliliter of inoculum must contain enough
cells to provide an initial cell density of approximately 10,000 cells/mL (± 10%) in the test flasks.  Assuming the
use of 250 mL flasks, each containing 100 mL of test solution, the inoculum must contain 1,000,000 cells/mL. 

14.10.1.4.2   Estimate the volume of stock culture required to prepare the inoculum.  As an example, if the four-to-
seven-day-old stock culture used as the source of the inoculum has a cell density of 2,000,000 cells/mL, a test
employing 24 flasks, each containing 100 mL of test medium and inoculated with a total of 1,000,000 cells, would
require 24,000,000 cells or 15 mL of stock solution (24,000,000/2,000,000) to provide sufficient inoculum.  It is
advisable to prepare a volume 20% to 50% in excess of the minimum volume required, to cover accidental loss in
transfer and handling. 

14.10.1.4.3   Prepare the inoculum as follows:

1. Centrifuge 15 mL of stock culture at 1000 x g for 5 min.  This volume will provide a 50% excess in
the number of cells. 

2. Decant the supernatant and resuspend the cells in 10 mL of control medium.
3. Repeat the centrifugation and decantation step, and resuspend the cells in 10 mL control medium.
4. Mix well and determine the cell density in the algal concentrate.  Some cells will be lost in the

concentration process. 
5. Determine the density of cells (cells/mL) in the stock culture (for this example, assume 2,000,000 per

mL).
6. Calculate the required volume of stock culture as follows:

Volume (mL) of Number test flasks Volume of test 10,000
Stock Culture = to be used × Solutions/flask × cells/mL

Required Cell density (cells/mL) in the stock culture

= 24 flasks × 100 mL/flask × 10,000 cells/mL  
2,000,000 cells/mL 

= 12.0 mL Stock Culture 

7. Dilute the cell concentrate as needed to obtain a cell density of 1,000,000 cells/mL, and check the cell
density in the final inoculum. 

8. The volume of the algal inoculum should be considered in calculating the dilution of toxicant in the
test flasks. 

14.10.2   START OF THE TEST 

14.10.2.1   Label the test chambers with a marking pen and use the color-coded tape to identify each treatment and
replicate.  A minimum of five effluent concentrations and a control are used for each effluent test.  Each treatment 
(including the control) should have a minimum of four replicates.

14.10.2.2   Randomize the position of the test flasks at the beginning of the test (see Appendix A).  Preparation of a
position chart may be helpful.
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14.10.2.3   The test begins when the algae are added to the test flasks.  Mix the inoculum well, and add 1 mL to the
test solution in each randomly arranged flask.  Make a final check of the cell density in three of the test solutions at
time "zero" (within 2 h of the inoculation). 

14.10.2.3.1   Alkalinity, hardness, and conductivity are measured at the beginning of the test in the high, medium,
and low effluent concentrations and control before they are dispensed to the test chambers and the data recorded on
the data sheet (Figure 1).

Discharger:     Test Dates: 
Location:    Analyst: 
                                                                      

Effluent Concentration

Parameter Control Remarks
Temperature
pH
Alkalinity
Hardness
Conductivity
Chlorine

Figure 1. Data form for the green alga, Selenastrum capricornutum, growth test.  Routine chemical and
physical determinations.

14.10.3   LIGHT, PHOTOPERIOD, AND TEMPERATURE 

14.10.3.1   Test flasks are incubated under continuous illumination at 86 ± 8.6 µE/m2/s (400 ± 40 ft-c), at 25 ± 1EC,
and should be shaken continuously at 100 cpm on a mechanical shaker or twice daily by hand.  Flask positions in
the incubator should be randomly rotated each day to minimize possible spatial differences in illumination and
temperature on growth rate.  If it can be verified that test specifications are met at all positions, this need not be
done.

14.10.4   DISSOLVED OXYGEN (DO) CONCENTRATION

14.10.4.1   Because of the continuous illumination of the test flasks, DO concentration should never be a problem
during the test and no aeration will be required.

14.10.5   OBSERVATIONS DURING THE TEST

14.10.5.1   Routine Chemical and Physical Determinations

14.10.5.1.1   Temperature should be monitored continuously or observed and recorded daily for at least two
locations in the environmental control system or the samples.  Temperature should be checked in a sufficient
number of test vessels at least at the end of the test to determine variability in the environmental chamber.

14.10.5.1.2   Temperature and pH are measured at the end of each 24-h exposure period in at least one test flask at
each concentration and in the control.
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14.10.5.1.3   Record all the measurements on the data sheet (Figure 1).

14.10.5.2   Biological Observations

14.10.5.2.1   Toxic substances in the test solutions may degrade or volatilize rapidly, and the inhibition in algal
growth may be detectable only during the first one or two days in the test.  It may be desirable, therefore, to
determine the algal growth response daily.  Otherwise, biological observations are not required until the test is
terminated and the test solutions are not renewed during the test period.
 
14.10.6   TERMINATION OF THE TEST 

14.10.6.1   The test is terminated 96 h after initiation.  The algal growth in each flask is measured by one of the
following methods:  (a) cell counts, (b) chlorophyll content, or (c) turbidity (light absorbance). 

14.10.6.2   Cell counts 

14.10.6.2.1   Automatic Particle Counters 

14.10.6.2.1.1   Several types of automatic electronic and optical particle counters are available for use in the rapid
determination of cell density (cells/mL) and mean cell volume (MCV) in µm3/cell.  The Coulter Counter is widely
used and is discussed in detail in USEPA (1978b). 

14.10.6.2.1.2   If biomass data are desired for algal growth potential measurements, a Model ZM Coulter Counter is
used.  However, the instrument must be calibrated with a reference sample of particles of known volume. 

14.10.6.2.1.3   When the Coulter Counter is used, an aliquot (usually 1 mL) of the test culture is diluted 10X to 20X
with a l% sodium chloride electrolyte solution, such as ISOTON®, to facilitate counting.  The resulting dilution is
counted using an aperture tube with a 100-µm diameter aperture.  Each cell (particle) passing through the aperture
causes a voltage drop proportional to its volume.  Depending on the model, the instrument stores the information on
the number of particles and the volume of each, and calculates the mean cell volume.  The following procedure is
used: 

1. Mix the algal culture in the flask thoroughly by swirling the contents of the flask approximately six
times in a clockwise direction, and then six times in the reverse direction; repeat the two-step process
at least once.

2. At the end of the mixing process, stop the motion of the liquid in the flask with a strong brief reverse
mixing action, and quickly remove 1 mL of cell culture from the flask with a sterile pipet. 

3. Place the aliquot in a counting beaker, and add 9 mL (or 19 mL) of electrolyte solution (such as
Coulter ISOTON®). 

4. Determine the cell density (and MCV, if desired).

14.10.6.2.2   Manual microscope counting method 

14.10.6.2.2.1   Cell counts may be determined using a Sedgwick-Rafter, Palmer-Maloney, hemocytometer, inverted
microscope, or similar methods.  For details on microscope counting methods, see APHA (1992) and USEPA
(1973). Whenever feasible, 400 cells per replicate are counted to obtain ± 10% precision at the 95% confidence
level.  This method has the advantage of allowing for the direct examination of the condition of the cells. 

14.10.6.3   Chlorophyll Content 

14.10.6.3.1   Chlorophyll may be estimated in-vivo fluorometrically, or in-vitro either fluorometrically or
spectrophotometrically.  In-vivo fluorometric measurements are recommended because of the simplicity and
sensitivity of the technique and rapidity with which the measurements can be made (Rehnberg et al., 1982). 
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14.10.6.3.2   The in-vivo chlorophyll measurements are made as follows: 

1. Adjust the "blank" reading of the fluorometer using the filtrate from an equivalent dilution of effluent
filtered through a 0.45 µm particle retention filter.

2. Mix the contents of the test culture flask by swirling successively in opposite directions (at least three
times), and remove 1 mL of culture from the flask with a sterile pipet.

3. Place the aliquot in a small disposable vial and record the fluorescence as soon as the reading
stabilizes.  (Do not allow the sample to stand in the instrument more than 1 min). 

4. Discard the sample.

14.10.6.3.3   For additional information on chlorophyll measurement methods, (see APHA, 1992).

14.10.6.4   Turbidity (Absorbance) 

14.10.6.4.1   A second rapid technique for growth measurement involves the use of a spectrophotometer to
determine the turbidity, or absorbance, of the cultures at a wavelength of 750 nm.  Because absorbance is a complex
function of the volume, size, and pigmentation of the algae, it would be useful to construct a calibration curve to
establish the relationship between absorbance and cell density. 

14.10.6.4.2   The algal growth measurements are made as follows: 

1. A blank is prepared as described for the fluorometric analysis. 
2. The culture is thoroughly mixed as described above.
3. Sufficient sample is withdrawn from the test flask with a sterile pipet and transferred to a 1- to 5-cm

cuvette.
4. The absorbance is read at 750 nm and divided by the light path length of the cuvette, to obtain an

“absorbance-per-centimeter” value.
5. The 1-cm absorbance values are used in the same manner as the cell counts.

14.10.6.5   Record the data as indicated in Figure 2.

14.11   SUMMARY OF TEST CONDITIONS AND TEST ACCEPTABILITY CRITERIA

14.11.1   A summary of test conditions and test acceptability criteria is presented in Table 3.

14.12   ACCEPTABILITY OF TEST RESULTS 

14.12.1   For the test results to be acceptable, the mean algal cell density in the control flasks must exceed 1 X 106

cells/mL at the end of the test, and the coefficient of variation (CV, calculated as standard deviation X 100 / mean)
for algal cell density among the control replicates must not exceed 20%.
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Discharger:    Test Dates: 
Location:     Analyst: 

Cell Density Measurement Treatment           
Concentration Replicate Mean Comments

1 2 3 4
 Control 
 Conc:
 Conc:
 Conc:
 Conc:
 Conc:

Comments:

   Figure 2. Data form for the green alga, Selenastrum capricornutum, growth test, cell density determinations.
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 TABLE 3. SUMMARY OF TEST CONDITIONS AND TEST ACCEPTABILITY CRITERIA FOR
GREEN ALGA, SELENASTRUM CAPRICORNUTUM, GROWTH TOXICITY TESTS
WITH EFFLUENTS AND RECEIVING WATERS (TEST METHOD 1003.0)1

1. Test type: Static non-renewal (required)

2. Temperature: 25 ± 1EC (recommended) 
Test temperatures must not deviate (i.e., maximum
minus minimum temperature) by more than 3°C
during the test (required)

3. Light quality: "Cool white" fluorescent lighting (recommended) 

4. Light intensity: 86 ± 8.6 µE/m2/s (400 ± 40 ft-c or 4306 lux)
(recommended) 

5. Photoperiod: Continuous illumination  (required) 

6. Test chamber size: 125 mL or 250 mL (recommended)

7. Test solution volume: 50 mL or 100 mL2 (recommended)

8. Renewal of test solutions: None (required) 

9. Age of test organisms: 4 to 7 days  (required)

10. Initial cell density in 
test chambers: 10,000 cells/mL (recommended) 

11. No. replicate chambers                   
per concentration: 4 (required minimum)

12. Shaking rate: 100 cpm continuous, or twice daily by hand
(recommended)

13. Aeration: None  (recommended) 

14. Dilution water: Algal stock culture medium, enriched
uncontaminated source of receiving or other natural
water, synthetic water prepared using MILLIPORE
MILLI-Q® or equivalent deionized water and
reagent grade chemicals, or DMW (see Section 7,
Dilution Water) (available options)

 
1 For the purposes of reviewing WET test data submitted under NPDES permits, each test condition listed

above is identified as required or recommended (see Subsection 10.2 for more information on test
review).  Additional requirements may be provided in individual permits, such as specifying a given test
condition where several options are given in the method. 

2  For tests not continuously shaken use 25 mL in 125 mL flasks and 50 mL in 250 mL flasks.  
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 TABLE 3. SUMMARY OF TEST CONDITIONS AND TEST ACCEPTABILITY CRITERIA FOR
GREEN ALGA, SELENASTRUM CAPRICORNUTUM, GROWTH TOXICITY TESTS WITH
EFFLUENTS AND RECEIVING WATERS (TEST METHOD 1003.0) (CONTINUED) 

 15. Test concentrations: Effluents: 5 and a control (required minimum) 
Receiving Water: 100% receiving water (or minimum of
5) and a control (recommended) 

16. Test dilution factor: Effluents:  $ 0.5 (recommended) 
Receiving Waters:  None or $ 0.5 (recommended) 

17. Test duration: 96 h (required) 
 

18. Endpoint: Growth (cell counts, chlorophyll fluorescence,
absorbance, or biomass) (required) 

 
19. Test acceptability            

criteria:3 Mean cell density of at least 1 X 106 cells/mL in the
controls; and variability (CV%) among control replicates
less than or equal to 20% (required)       

20. Sampling requirements: For on-site tests, one sample collected at test initiation,
and used within 24 h of the time it is removed from the
sampling device.  For off-site tests, holding time must not
exceed 36 h before first use (see Section 8, Effluent and
Receiving Water Sampling, Sample Handling, and
Sample Preparation for Toxicity Tests, Subsection 8.5.4)
(required) 

21. Sample volume required: 1 or 2 L depending on test volume (recommended) 

3 If the test is conducted under non-NPDES applications (i.e., data are not submitted under NPDES
permits) and used without EDTA in the nutrient stock solution, the test acceptability criteria are a mean
cell density of at least 2 X 105 cells/mL in the controls, and variability (CV%) among control replicates
less than or equal to 20%.  
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14.13   DATA ANALYSIS 

14.13.1   GENERAL 

14.13.1.1   Tabulate and summarize the data.  A sample set of algal growth response data is shown in Table 4.

 TABLE 4.  GREEN ALGA, SELENASTRUM CAPRICORNUTUM, GROWTH RESPONSE DATA

Toxicant Concentration (µg Cd/L)

Replicate Control 5 10 20 40 80 

A 1209 1212 826 493 127 49.3 
B 1180 1186 628 416 147 40.0 
C 1340 1204 816 413 147 44.0 

Log10 A 3.082 3.084 2.917 2.693 2.104 1.693
Trans- B 3.072 3.074 2.798 2.619 2.167 1.602 
formed C 3.127 3.081 2.912 2.616 2.167 1.643 

Mean( ) 3.094 3.080 2.876 2.643 2.146 1.646 Ȳi

14.13.1.2   The endpoints of toxicity tests using the green alga, Selenastrum capricornutum, are based on the
adverse effects on cell growth (see Section 9, Chronic Toxicity Test Endpoints and Data Analysis).  The EC50, the
IC25, and the IC50 are calculated using the point estimation techniques, and LOEC and NOEC values for growth
are obtained using a hypothesis testing approach such as Dunnett's Procedure (Dunnett, 1955) or Steel's Many-one
Rank Test (Steel, 1959; Miller, 1981).  Separate analyses are performed for the estimation of the LOEC and NOEC
endpoints and for the estimation of the EC50, IC25, and IC50.  See the Appendices for examples of the manual
computations, and examples of data input and program output. 
 
14.13.1.3   The statistical tests described here must be used with a knowledge of the assumptions upon which the
tests are contingent.  Tests for normality and homogeneity of variance are included in Appendix B.  The assistance
of a statistician is recommended for analysts who are not proficient in statistics. 

14.13.2   EXAMPLE OF ANALYSIS OF ALGAL GROWTH DATA 

14.13.2.1   Formal statistical analysis of the growth data is outlined on the flowchart in Figure 3. The response used
in the statistical analysis is the number of cells per milliliter per replicate.  Separate analyses are performed for the
estimation of the NOEC and LOEC endpoints and for the estimation of the IC25 and IC50 endpoints.

14.13.2.2   The statistical analysis using hypothesis tests consists of a parametric test, Dunnett's Procedure, and a
nonparametric test, Steel's Many-one Rank Test.  The underlying assumptions of the Dunnett's Procedure, normality
and homogeneity of variance, are formally tested.  The test for normality is the Shapiro-Wilk's Test, and Bartlett's
Test is used to test for homogeneity of variance.  If either of these tests fails, the nonparametric test, Steel's
Many-one Rank Tests, is used to determine the NOEC and LOEC endpoints.  If the assumptions of Dunnett's
Procedure are met, the endpoints are determined by the parametric test.
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Figure 3. Flowchart for statistical analysis of the green alga, Selenastrum capricornutum, growth response data.
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14.13.2.3   Additionally, if unequal numbers of replicates occur among the concentration levels tested there are
parametric and nonparametric alternative analyses.  The parametric analysis is a t test with the Bonferroni
adjustment (see Appendix D).  The Wilcoxon Rank Sum Test with the Bonferroni adjustment is the nonparametric
alternative (see Appendix F).
 
14.13.2.4   Data from an algal growth test with cadmium chloride will be used to illustrate the statistical analysis. 
The cell counts were log10 transformed in an effort to stabilize the variance for the ANOVA analysis.  The raw data,
log10 transformed data, mean and standard deviation of the observations at each concentration including the control
are listed in Table 4.  A plot of the log10 transformed cell counts for each treatment is provided in Figure 4.

14.13.2.5   Test for Normality

14.13.2.5.1   The first step of the test for normality is to center the observations by subtracting the mean of all the
observations within a concentration from each observation in that concentration.  The centered observations are
summarized in Table 5.

        TABLE 5.  CENTERED OBSERVATIONS FOR SHAPIRO-WILK'S EXAMPLE 

 
                                 Toxicant Concentration (µg Cd/L)      
 

Replicate Control 5 10 20 40 80 
 

A -0.012 0.004 0.041 0.050 -0.042 0.047 
B -0.022 -0.006 -0.078 -0.024 0.021 -0.044 
C 0.033 0.001 0.036 -0.027 0.021 -0.003 

14.13.2.5.2   Calculate the denominator, D, of the test statistic:

D ' 'n
i'1

(Xi&X)2

    Where: Xi = the ith centered observation 
             

              X&  = the overall mean of the centered observations 

              n  = the total number of centered observations. 

For this set of data,     n = 18 
                           

X '
1

18
(0.000) ' 0.000

  D = 0.0214 

14.13.2.5.3   Order the centered observations from smallest to largest: 

                    X(1) # X(2) # ... # X(n) 

Where X(i) is the ith ordered observation.  These ordered observations are listed in Table 6.
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Figure 4.  Plot of the log10 transformed cell count data from the green alga, Selenastrum capricornutum, growth response test in Table 4.
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   TABLE 6.  ORDERED CENTERED OBSERVATIONS FOR SHAPIRO-WILK'S EXAMPLE

i X(i) i X(i) 

1 -0.078 10 0.001 
2 -0.044 11 0.004 
3 -0.042 12 0.021 
4 -0.027 13 0.021 
5 -0.024 14 0.033 
6 -0.022 15 0.036 
7 -0.012 16 0.041 
8 -0.006 17 0.047 
9 -0.003 18 0.050 

W '
1
D

['k
i'1

ai(X
(n&i%1)&X (i))]

2

   TABLE 7.  COEFFICIENTS AND DIFFERENCES FOR SHAPIRO-WILK'S EXAMPLE
 

i ai X(n-i+1) - X(i) 
 

1 0.4886 0.128 X(18) - X(1) 
2 0.3253 0.091 X(17) - X(2) 
3 0.2553 0.083 X(16) - X(3) 
4 0.2027 0.063 X(15) - X(4) 
5 0.1587 0.057 X(14) - X(5) 
6 0.1197 0.043 X(13) - X(6) 
7 0.0837 0.033 X(12) - X(7) 
8 0.0496 0.010 X(11) - X(8) 
9 0.0163 0.004 X(10) - X(9) 

14.13.2.5.4   From Table 4, Appendix B, for the number of observations, n, obtain the coefficients a1 , a 2, ..., a k
where k is n/2 if n is even and (n-1)/2 if n is odd.  For the data in this example, n = 18 , k = 9.  The a i values are
listed in Table 7.

14.13.2.5.5   Compute the test statistic, W, as follows: 

The differences X(n-i+1) - X(i) are listed in Table 7.
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W '
1

0.0214
(0.1436)2 ' 0.964

For this set of data:

14.13.2.5.6   The decision rule for this test is to compare W with the critical value found in Table 6, Appendix B.  If
the computed W is less than the critical value, conclude that the data are not normally distributed.  For this example,
the critical value at a significance level of 0.01 and 18 observations (n) is 0.858.  Since W = 0.964 is greater than
the critical value, the conclusion of the test is that the data are normally distributed. 

14.13.2.6   Test for Homogeneity of Variance 

14.13.2.6.1   The test used to examine whether the variation in mean cell count is the same across all toxicant
concentrations including the control, is Bartlett's Test (Snedecor and Cochran, 1980).  The test statistic is as follows: 

B '

[('P
i'1

Vi) ln S̄ 2
& 'P

i'1
Vi ln S 2

i ]

C

  Where: Vi = degrees of freedom for each toxicant concentration and  control, Vi = (ni - 1) 

p = number of levels of toxicant concentration including the control

ni = the number of replicates for concentration i 

ln = loge 

i = 1, 2, ..., p, where p is the number of concentrations including the control

S̄ 2
'

('P
i'1

ViS
2
i )

'P
i'1

Vi

C ' 1% (3(p&1))&1 ['P
i'1

1
Vi

& ('P
i'1

Vi)
&1]

14.13.2.6.2   For the data in this example, (see Table 4) all toxicant concentrations including the control have the
same number of replicates (ni = 3 for all i).  Thus, Vi = 2 for all i. 

14.13.2.6.3   Bartlett's statistic is therefore: 

      B '

[(12) ln(0.0018)&2 'P
i'1

ln(S 2
i )]

1.194

= [12(-6.3200) - 2(-41.9082)]/1.194 

= 7.9764/1.194 

= 6.6804
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TABLE 8.  ANOVA TABLE

Source df Sum of Squares Mean Square(MS) 
(SS)         (SS/df) 

                                                     
Between p - 1 SSB SB

2 = SSB/(p-1) 

Within N - p SSW SW
2  = SSW/(N-p) 

Total N - 1 SST 

 

14.13.2.6.4   B is approximately distributed as chi-square with p - 1 degrees of freedom, when the variances are in
fact the same.  Therefore, the appropriate critical value for this test, at a significance level of 0.01 with five degrees
of freedom, is 15.09.  Since B = 6.6804 is less than the critical value of 15.09, conclude that the variances are not
different. 

14.13.2.7   Dunnett's Procedure 

14.13.2.7.1   To obtain an estimate of the pooled variance for Dunnett's Procedure, construct an ANOVA table as
described in Table 8.

Where: p =  number of toxicant concentrations including the control 

N =  total number of observations n1 + n 2 ... + n p 

n i  =  number of observations in concentration i 

Between Sum of SquaresSSB ' 'P
i'1

T 2
i

ni

&
G 2

N

Total Sum of SquaresSST ' 'P
i'1

'
ni

j'1
Y 2

ij &
G 2

N

Within Sum of Squares SSW ' SST&SSB

G = the grand total of all sample observations, G ' 'P
i'1

Ti

Ti = the total of the replicate measurements for concentration i 

Yij = the jth observation for concentration i (represents the cell count for toxicant concentration i in test
chamber j) 
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14.13.2.7.2  For the data in this example: 

n1 = n 2 = n 3 = n 4 = n 5 = n 6 = 3 

N = 18 

T1 = Y11 + Y12 + Y13 = 9.281 
T2 = Y21 + Y22 + Y23 = 9.239 
T3 = Y31 + Y32 + Y33 = 8.627 
T4 =  Y41 + Y42 + Y43 = 7.928 
T5 = Y51 + Y52 + Y53 = 6.438 
T6 = Y61 + Y62 + Y63 = 4.938 

G = T1 + T2 + T3 + T4 + T5 + T6 = 46.451 

SSB ' 'P
i'1

T 2
i

ni

&
G 2

N

'
1
3

(374.606) &
(46.451)

18

2
' 4.997

SST ' 'P
i'1

'
ni

j'1
Y 2

ij &
G 2

N

' 124.890 &
(46.451)2

18
' 5.018

 = 5.018 - 4.997 = 0.0210 SSW ' SST&SSB

SB
2 = SSB/(p-1) = 4.996/(6-1) = 0.9990 

SW
2 = SSW/(N-p) = 0.021/(18-6) = 0.0018 

14.13.2.7.3   Summarize these calculations in the ANOVA table (Table 9).
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ti '
(Ȳ1& Ȳi)

Sw ( 1
n1

)% ( 1
ni

)

t2 '
(3.094&3.080)

[0.0424 (1/3)%(1/3)]
' 0.405

TABLE 10.  CALCULATED T VALUES

Toxicant Concentration i ti 
(µg Cd/L) 

5 2 0.405 
10 3 6.300 
20 4 13.035 
40 5 27.399 
80 6 41.850 

 

TABLE 9.  ANOVA TABLE FOR DUNNETT’S PROCEDURE EXAMPLE

Source df Sum of Squares Mean Square (MS)
(SS) (SS/df)

Between 5 4.997 0.999
Within 12 0.021 0.0018

Total 17 5.017

14.13.2.7.4  To perform the individual comparisons, calculate the t statistic for each concentration, and control
combination as follows:

 
Where:   = mean cell count for toxicant concentration i Ȳi

 = mean cell count for the control Ȳ1

          SW  = square root of the within mean square 

           n1  = number of replicates for the control 

           ni  = number of replicates for concentration i.

14.13.2.7.5   Table 10 includes the calculated t values for each concentration and control combination.  In this
example, comparing the 5 µg/L concentration with the control the calculation is as follows:
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MSD ' d Sw (1/n1)% (1/n)

14.13.2.7.6   Since the purpose of this test is to detect a significant reduction in mean cell count, a one-sided test is
appropriate.  The critical value for this one-sided test is found in Table 5, Appendix C.  For an overall alpha level of
0.05, 12 degrees of freedom for error and five concentrations (excluding the control) the critical value is 2.50.  The
mean count for concentration i is considered significantly less than the mean count for the control if ti is greater than
the critical value.  Since t 3, t 4, t 5 and t 6 are greater than 2.50, the 10, 20, 40 and 80 µg/L concentrations have
significantly lower mean cell counts than the control.  Hence the NOEC and the LOEC for the test are 5 µg/L and
10 µg/L, respectively. 

14.13.2.7.7   To quantify the sensitivity of the test, the minimum significant difference (MSD) that can be
statistically detected may be calculated.

Where:  d = the critical value for Dunnett's Procedure 

          SW = the square root of the within mean square 

           n = the common number of replicates at each concentration (this assumes equal replication at each
concentration) 

           n1 = the number of replicates in the control. 

14.13.2.7.8   In this example:

MSD ' 2.50(0.0424) (1/3)%(1/3)

= 2.50 (0.0424)(0.8165)

= 0.086

14.13.2.7.9   The MSD (0.086) is in transformed units.  An approximate MSD in terms of cell count per 100 mL
may be calculated via the following conversion.

1. Subtract the MSD from the transformed control mean. 
 

3.094 - 0.086 = 3.008 

2. Obtain the untransformed values for the control mean and the difference calculated in 1. 

10(3.094) = 1241.6 

10(3.008) = 1018.6 

3. The untransformed MSD (MSDu) is determined by subtracting the untransformed values from 2. 

MSUu = 1241.6 - 1018.6 = 223 

14.13.2.7.10   Therefore, for this set of data, the minimum difference in mean cell count between the control and
any toxicant concentration that can be detected as statistically significant is 223.

14.13.2.7.11   This represents a decrease in growth of 18% from the control. 
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TABLE 11. ALGAL MEAN GROWTH RESPONSE AFTER SMOOTHING

Response Smoothed  
Toxicant Concentration i means, mean, Mi  Ȳi

(µg Cd/L) (cells/mL) (cells/mL)
Control 1 1243 1243

5 2 1201 1201
10 3 757 757
20 4 441 441
40 5 140 140
80 6 44 44

 

14.13.2.8   Calculation of the ICp

14.13.2.8.1   The growth data in Table 4 are utilized in this example.  Table 11 contains the means for each toxicant
concentration.  As can be seen, the observed means are monotonically non-increasing with respect to concentration. 
Therefore, it is not necessary to smooth the means prior to calculating the ICp.  See Figure 5 for a plot of the
response curve.

14.13.2.8.2   An IC25 and IC50 can be estimated using the Linear Interpolation Method (Appendix M).  A 25%
reduction in cell count, compared to the controls, would result in a mean count of 932 cells, where M1(1-p/100) =
1243(1-25/100).  A 50% reduction in cell count, compared to the controls, would result in a mean count of 622
cells.  Examining the means and their associated concentrations (Table 11), the response, 932 cells, is bracketed by
C2 = 5 µg Cd/L and C3 = 10 µg Cd/L.  The response, 622 cells, is bracketed by C3 = 10 µg Cd/L and C4 = 20 µg
Cd/L.

14.13.2.8.3   Using the equation from section 4.2 of Appendix M, the estimate of the IC25 is calculated as follows:

 

ICp ' C j%[M 1(1&p /100)&M j]
(C (j%1)&Cj)
(M (j%1)&M j)

IC25 ' 5%[1243(1&25/100)&1201] (10&5)
(757&1201)

= 8µg Cd/L.

14.13.2.8.4  The IC50 estimate is 14 µg Cd/L:

 

IC25 ' 6.25%[28.75(1&25/100)&28.75] (12.5&6.25)
(9.40&28.75)

IC50 ' 10%[1243(1&50/100)&757] (20&10)
(441&757)

= 14 µg Cd/L.
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Figure 5. Plot of raw data and observed means for the green alga, Selenastrum capricornutum, growth data.
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14.13.2.8.5   When the ICPIN program was used to analyze this set of data, requesting 80 resamples, the estimate of
the IC25 was 8.0227µg Cd/L. The empirical 95% confidence interval for the true mean was 6.4087 µg Cd/L and
10.0313 µg Cd/L.  The ICPIN computer program output for the IC25 for this data set is shown in Figure 6.

14.13.2.8.6   When the ICPIN program was used to analyze this set of data, requesting 80 resamples, the estimate of
the IC50 was 14.2774 µg Cd/L.  The empirical 95% confidence interval for the true mean was 9.7456 µg Cd/L and
18.5413 µg Cd/L.  The computer program output for the IC50 for this data set is shown in Figure 7.

14.13.3   BIOSTIMULATION

14.13.3.1   Where the growth response in effluent (or surface water) exceeds growth in the control flasks, the
percent stimulation, S(%), is calculated as shown below.  Values which are significantly greater than the control
indicate a possible degrading enrichment effect on the receiving water (Walsh et al., 1980):

S (%) '
T&C

C
x 100

Where: T = Mean effluent or surface water response

C = Mean control response

14.14   PRECISION AND ACCURACY

14.14.1   PRECISION – Data on single-laboratory and multilaboratory precision are described below (Subsections
14.14.1.1 and 14.14.1.2).  Single-laboratory precision is a measure of the reproducibility of test results when tests
are conducted using a specific method under reasonably constant conditions in the same laboratory.  Single-
laboratory precision is synonymous with the terms within-laboratory precision and intralaboratory precision. 
Multilaboratory precision is a measure of the reproducibility of test results from different laboratories using the
same test method and analyzing the same test material.  Multilaboratory precision is synonymous with the term
interlaboratory precision.  Interlaboratory precision, as used in this document, includes both within-laboratory and
between-laboratory components of variability.  In recent multilaboratory studies, these two components of
interlaboratory precision have been displayed separately (termed within-laboratory and between-laboratory
variability) and combined (termed total interlaboratory variability).  The total interlaboratory variability that is
reported from these studies is synonymous with interlaboratory variability reported from other studies where
individual variability components are not separated.

14.14.1.1   Single-Laboratory Precison

14.14.1.1.1   Data from repetitive 96-h toxicity tests conducted with cadmium chloride as the reference toxicant,
using medium containing EDTA, are shown in Table 12.  The precision (CV) of the 10 EC50s was 10.2%.

14.14.1.1.2   EPA evaluated within-laboratory precision of the green alga, Selenastrum capricornutum, Growth Test
using a database of routine reference toxicant test results from nine laboratories (USEPA, 2000b).  The database
consisted of 85 reference toxicant tests conducted in 9 laboratories using a variety of reference toxicants including:
copper, sodium chloride, and zinc.  Among the 9 laboratories, the median within-laboratory CV calculated for
routine reference toxicant tests was 26% for the IC25 growth endpoint.  In 25% of laboratories, the within-
laboratory CV was less than 25%; and in 75% of laboratories, the within-laboratory CV was less than 39%. 

14.14.1.2   Multilaboratory Precision

14.14.1.2.1  In 2000, EPA conducted an interlaboratory variability study of the green alga, Selenastrum
capricornutum, Growth Test (USEPA, 2001a; USEPA, 2001b).  In this study, each of 11 participant laboratories
tested 4 blind test samples that included some combination of blank, effluent, reference toxicant, and receiving
water sample types.  The blank sample consisted of moderately-hard synthetic freshwater, the effluent sample was a
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municipal wastewater spiked with KCl, the receiving water sample was a river water spiked with KCl, and the
reference toxicant sample consisted of moderately-hard synthetic freshwater spiked with KCl.  Each sample was
tested with and without the addition of EDTA.  Of the 44 Selenastrum capricornutum Growth tests conducted with
EDTA, 63.6% were successfully completed and met the required test acceptability criteria.  Of the 44 tests
conducted without EDTA, 65.9% were successfully completed and met the required test acceptability criteria.  Of
five tests that were conducted on blank samples with the addition of EDTA, none showed false positive results for
the growth endpoint.  Of 6 tests that were conducted on blank samples without the addition of EDTA, 2 showed
false positive results for the growth endpoint, yielding a false positive rate of 33.3%.  Results from the reference
toxicant, effluent, and receiving water sample types were used to calculate the precision of the method.  Table 13
shows the precision of the IC25 for each of these sample types.  Averaged across sample types, the total
interlaboratory variability (expressed as a CV%) was 34.3% and 58.5% for IC25 results in tests with EDTA and
without EDTA, respectively.  Table 14 shows the precision of growth NOEC endpoints for each sample type. 
NOEC values for tests with EDTA spanned three concentrations for the effluent sample type and four
concentrations for the reference toxicant and receiving water sample types.  NOEC values for tests without EDTA,
spanned six concentrations for the reference toxicant sample type, four concentrations for the effluent sample type,
and two concentrations for the receiving water sample type.  The percentage of values within one concentration of
the median for tests conducted with EDTA was 85.7%, 100%, and 85.7% for the reference toxicant, effluent, and
receiving water sample types, respectively.  The percentage of values within one concentration of the median for
tests conducted without EDTA was 40.0%, 50.0%, and 100% for the reference toxicant, effluent, and receiving
water sample types, respectively. 

14.14.2   ACCURACY 

14.14.2.1   The accuracy of toxicity tests cannot be determined.



226

Conc. ID             1         2         3         4         5         6

Conc. Tested         0         5        10        20        40        80

Response  1       1209      1212       826       493       127      49.3
Response  2       1180      1186       628       416       147      40.0
Response  3       1340      1204       816       413       147      44.0

*** Inhibition Concentration Percentage Estimate ***
Toxicant/Effluent: Cadmium
Test Start Date: Example   Test Ending Date: 
Test Species: Selenastrum capricornutum
Test Duration:            96 h
DATA FILE: scmanual.icp
OUTPUT FILE: scmanual.i25

Conc.     Number     Concentration     Response      Std.       Pooled
 ID     Replicates            µg/l       Means       Dev.   Response Means

  1          3             0.000       1243.000     85.247   1243.000
  2          3             5.000       1200.667     13.317   1200.667
  3          3            10.000        756.667    111.541    756.667
  4          3            20.000        440.667     45.347    440.667
  5          3            40.000        140.333     11.547    140.333
  6          3            80.000         44.433      4.665     44.433

The Linear Interpolation Estimate:     8.0227   Entered P Value: 25

Number of Resamplings:   80
The Bootstrap Estimates Mean:   8.1627 Standard Deviation:     0.4733
Original Confidence Limits:   Lower:     7.2541 Upper:     8.9792
Expanded Confidence Limits:   Lower:     6.4087 Upper:    10.0313
Resampling time in Seconds:     1.65  Random Seed: -1575623987

Figure 6.  ICPIN program output for the IC25.
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Conc. ID             1         2         3         4         5         6

Conc. Tested         0         5        10        20        40        80

Response  1       1209      1212       826       493       127      49.3
Response  2       1180      1186       628       416       147      40.0
Response  3       1340      1204       816       413       147      44.0

*** Inhibition Concentration Percentage Estimate ***
Toxicant/Effluent: Cadmium
Test Start Date: Example   Test Ending Date: 
Test Species: Selenastrum capricornutum
Test Duration:            96 h
DATA FILE: scmanual.icp
OUTPUT FILE: scmanual.i50

Conc.     Number     Concentration     Response      Std.       Pooled
 ID     Replicates            µg/l       Means       Dev.   Response Means

  1          3             0.000       1243.000     85.247   1243.000
  2          3             5.000       1200.667     13.317   1200.667
  3          3            10.000        756.667    111.541    756.667
  4          3            20.000        440.667     45.347    440.667
  5          3            40.000        140.333     11.547    140.333
  6          3            80.000         44.433      4.665     44.433

The Linear Interpolation Estimate:    14.2774   Entered P Value: 50

Number of Resamplings:   80
The Bootstrap Estimates Mean:  14.2057 Standard Deviation:     1.1926
Original Confidence Limits:   Lower:    12.1194 Upper:    16.3078
Expanded Confidence Limits:   Lower:     9.7456 Upper:    18.5413
Resampling time in Seconds:     1.65  Random Seed: -1751550803

 

Figure 7.  ICPIN program output for the IC50.
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 TABLE 12. SINGLE LABORATORY PRECISION OF THE GREEN ALGA,
SELENASTRUM CAPRICORNUTUM, 96-H TOXICITY TESTS, USING THE
REFERENCE  TOXICANT CADMIUM CHLORIDE (USEPA, 1991a)

Test Number EC50 (mg/L)

1 2.3

2 2.4

3 2.3

4 2.8

5 2.6

6 2.1

7 2.1

8 2.1

9 2.6

10 2.4
n 10.0

Mean 2.37
CV (%) 10.2
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TABLE 13.  PRECISION OF POINT ESTIMATES FOR VARIOUS SAMPLE TYPES1

Test Endpoint Sample Type
CV (%)2

Within-lab3 Between-lab4 Total5

IC25 Reference toxicant 10.9 20.8 23.5

(with EDTA) Effluent 39.5 8.48 40.4

Receiving water - - 38.9

Average 25.2 14.6 34.3

IC25 Reference toxicant 25.6 83.6 87.5

(without EDTA) Effluent 21.0 60.3 63.9

Receiving water - - 24.1

Average 23.3 72.0 58.5

1 From EPA’s WET Interlaboratory Variability Study (USEPA, 2001a; USEPA, 2001b).
2 CVs were calculated based on the within-laboratory component of variability, the between-laboratory

component of variability, and the total interlaboratory variability (including both within-laboratory and
between-laboratory components).  For the receiving water sample type, within-laboratory and between-
laboratory components of variability could not be calculated since the study design did not provide within-
laboratory replication for this sample type.

3 The within-laboratory (intralaboratory) component of variability for duplicate samples tested at the same
time in the same laboratory.

4 The between-laboratory component of variability for duplicate samples tested at different laboratories.
5 The total interlaboratory variability, including within-laboratory and between-laboratory components of

variability.  The total interlaboratory variability is synonymous with interlaboratory variability reported from
other studies where individual variability components are not separated. 
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TABLE 14. FREQUENCY DISTRIBUTION OF HYPOTHESIS TESTING RESULTS FOR VARIOUS
SAMPLE TYPES1

Test Endpoint Sample Type
Median
NOEC
Value

% of Results at
the Median

% of Results
±12

% of Results 
$23

Growth NOEC Reference toxicant 25% 57.1 28.6 14.3

(with EDTA) Effluent 6.25% 42.9 57.1 0.00

Receiving water 12.5% 28.6 57.1 14.3

Growth NOEC Reference toxicant 18.8% -4 40.0 60.0

(without EDTA) Effluent 18.8% -4 50.0 50.0

Receiving water 6.25% 75.0 25.0 0.00

1 From EPA’s WET Interlaboratory Variability Study (USEPA, 2001a; USEPA, 2001b).
2 Percent of values at one concentration interval above or below the median.  Adding this percentage to the

percent of values at the median yields the percent of values within one concentration interval of the median.
3 Percent of values two or more concentration intervals above or below the median.
4 The median NOEC fell between test concentrations, so no test results fell precisely on the median.
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APPENDIX A

INDEPENDENCE, RANDOMIZATION, AND OUTLIERS

1.   STATISTICAL INDEPENDENCE

1.1   Dunnett's Procedure and the t test with Bonferroni's adjustment are parametric procedures based on the
assumptions that (1) the observations within treatments are independent and normally distributed, and (2) that the
variance of the observations is homogeneous across all toxicant concentrations and the control.  Of the three
possible departures from the assumptions, non-normality, heterogeneity of variance, and lack of independence,
those caused by lack of independence are the most difficult to resolve (see Scheffe, 1959).  For toxicity data,
statistical independence means that given knowledge of the true mean for a given concentration or control,
knowledge of the error in any one actual observation would provide no information about the error in any other
observation.  Lack of independence is difficult to assess and difficult to test for statistically.  It may also have
serious effects on the true alpha or beta level.  Therefore, it is of utmost importance to be aware of the need for
statistical independence between observations and to be constantly vigilant in avoiding any patterned experimental
procedure that might compromise independence.  One of the best ways to help ensure independence is to follow
proper randomization procedures throughout the test.  

2.   RANDOMIZATION 

2.1   Randomization of the distribution of test organisms among test chambers and the arrangement of treatments
and replicate chambers is an important part of conducting a valid test.  The purpose of randomization is to avoid
situations where test organisms are placed serially into test chambers, or where all replicates for a test concentration
are located adjacent to one another, which could introduce bias into the test results.

2.2   An example of randomization of the distribution of test organisms among test chambers, and an example of
randomization of arrangement of treatments and replicate chambers are described using the Fathead Minnow Larval
Survival and Growth test.  For the purpose of the example, the test design is as follows:  five effluent concentrations
are tested in addition to the control.  The effluent concentrations are as follows:  6.25%, 12.5%, 25.0%, 50.0%, and
100.0%.  There are four replicate chambers per treatment.  Each replicate chamber contains ten fish.

2.3   RANDOMIZATION OF FISH TO REPLICATE CHAMBERS EXAMPLE

2.3.1   Consider first the random assignment of the fish to the replicate chambers.  The first step is to label each of
the replicate chambers with the control or effluent concentration and the replicate number.  The next step is to
assign each replicate chamber four double-digit numbers.  An example of this assignment is provided in Table A.1. 
Note that the double digits 00 and 97 through 99 were not used.
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TABLE A.1. RANDOM ASSIGNMENT OF FISH TO REPLICATE CHAMBERS EXAMPLE
ASSIGNED NUMBERS FOR EACH REPLICATE CHAMBER

Assigned Numbers Replicate Chamber
01, 25, 49, 73 Control, replicate chamber 1 
02, 26, 50, 74 Control, replicate chamber 2
03, 27, 51, 75 Control, replicate chamber 3
04, 28, 52, 76 Control, replicate chamber 4
05, 29, 53, 77 6.25% effluent, replicate chamber 1
06, 30, 54, 78 6.25% effluent, replicate chamber 2
07, 31, 55, 79 6.25% effluent, replicate chamber 3
08, 32, 56, 80 6.25% effluent, replicate chamber 4
09, 33, 57, 81 12.5% effluent, replicate chamber 1
10, 34, 58, 82 12.5% effluent, replicate chamber 2
11, 35, 59, 83 12.5% effluent, replicate chamber 3
12, 36, 60, 84 12.5% effluent, replicate chamber 4
13, 37, 61, 85 25.0% effluent, replicate chamber 1
14, 38, 62, 86 25.0% effluent, replicate chamber 2
15, 39, 63, 87 25.0% effluent, replicate chamber 3
16, 40, 64, 88 25.0% effluent, replicate chamber 4
17, 41, 65, 89 50.0% effluent, replicate chamber 1
18, 42, 66, 90 50.0% effluent, replicate chamber 2
19, 43, 67, 91 50.0% effluent, replicate chamber 3
20, 44, 68, 92 50.0% effluent, replicate chamber 4
21, 45, 69, 93 100.0% effluent, replicate chamber 1
22, 46, 70, 94 100.0% effluent, replicate chamber 2
23, 47, 71, 95 100.0% effluent, replicate chamber 3
24, 48, 72, 96 100.0% effluent, replicate chamber 4

2.3.2   The random numbers used to carry out the random assignment of fish to replicate chambers are provided in
Table A.2.  The third step is to choose a starting position in Table A.2, and read the first double digit number.  The
first number read identifies the replicate chamber for the first fish taken from the tank.  For the example, the first
entry in row 2 was chosen as the starting position.  The first number in this row is 37.  According to Table A.1, this
number corresponds to replicate chamber 1 of the 25.0% effluent concentration.  Thus, the first fish taken from the
tank is to be placed in replicate chamber 1 of the 25.0% effluent concentration.

2.3.3   The next step is to read the double digit number to the right of the first one.  The second number identifies
the replicate chamber for the second fish taken from the tank.  Continuing the example, the second number read in
row 2 of Table A.2 is 54.  According to Table A.1, this number corresponds to replicate chamber 2 of the 6.25%
effluent concentration.  Thus, the second fish taken from the tank is to be placed in replicate chamber 2 of the
6.25% effluent concentration.
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TABLE A.2.  TABLE OF RANDOM NUMBERS (Dixon and Massey, 1983)

        10 09 73 25 33  76 52 01 35 86  34 67 35 43 76  80 95 90 91 17  39 29 27 49 45
        37 54 20 48 05  64 89 47 42 96  24 80 52 40 37  20 63 61 04 02  00 82 29 16 65
        08 42 26 89 53  19 64 50 93 03  23 20 90 25 60  15 95 33 47 64  35 08 03 36 06
        99 01 90 25 29  09 37 67 07 15  38 31 13 11 65  88 67 67 43 97  04 43 62 76 59
        12 80 79 99 70  80 15 73 61 47  64 03 23 66 53  98 95 11 68 77  12 27 17 68 33
        66 06 57 47 17  34 07 27 68 50  36 69 73 61 70  65 81 33 98 85  11 19 92 91 70
        31 06 01 08 05  45 57 18 24 06  35 30 34 26 14  86 79 90 74 39  23 40 30 97 32
        85 26 97 76 02  02 05 16 56 92  68 66 57 48 18  73 05 38 52 47  18 62 38 85 79
        63 57 33 21 35  05 32 54 70 48  90 55 35 75 48  28 46 82 87 09  83 49 12 56 24
        73 79 64 57 53  03 52 96 47 78  35 80 83 42 82  60 93 52 03 44  35 27 38 84 35
        98 52 01 77 67  14 90 56 86 07  22 10 94 05 58  60 97 09 34 33  50 50 07 39 98
        11 80 50 54 31  39 80 82 77 32  50 72 56 82 48  29 40 52 42 01  52 77 56 78 51
        83 45 29 96 34  06 28 89 80 83  13 74 67 00 78  18 47 54 06 10  68 71 17 78 17
        88 68 54 02 00  86 50 75 84 01  36 76 66 79 51  90 36 47 64 93  29 60 91 10 62
        99 59 46 73 48  87 51 76 49 69  91 82 60 89 28  93 78 56 13 68  23 47 83 41 13
        65 48 11 76 74  17 46 85 09 50  58 04 77 69 74  73 03 95 71 86  40 21 81 65 44
        80 12 43 56 35  17 72 70 80 15  45 31 82 23 74  21 11 57 82 53  14 38 55 37 63
        74 35 09 98 17  77 40 27 72 14  43 23 60 02 10  45 52 16 42 37  96 28 60 26 55
        69 91 62 68 03  66 25 22 91 48  36 93 68 72 03  76 62 11 39 90  94 40 05 64 18
        09 89 32 05 05  14 22 56 85 14  46 42 75 67 88  96 29 77 88 22  54 38 21 45 98
        91 49 91 45 23  68 47 92 76 86  46 16 28 35 54  94 75 08 99 23  37 08 92 00 48
        80 33 69 45 98  26 94 03 68 58  70 29 73 41 35  53 14 03 33 40  42 05 08 23 41
        44 10 48 19 49  85 15 74 79 54  32 97 92 65 75  57 60 04 08 81  22 22 20 64 13
        12 55 07 37 42  11 10 00 20 40  12 86 07 46 97  96 64 48 94 39  28 70 72 58 15
        63 60 64 93 29  16 50 53 44 84  40 21 95 25 63  43 65 17 70 82  07 20 73 17 90
        61 19 69 04 46  26 45 74 77 74  51 92 43 37 29  65 39 45 95 93  42 58 26 05 27
        15 47 44 52 66  95 27 07 99 53  59 36 78 38 48  82 39 61 01 18  33 21 15 94 66
        94 55 72 85 73  67 89 75 43 87  54 62 24 44 31  91 19 04 25 92  92 92 74 59 73
        42 48 11 62 13  97 34 40 87 21  16 86 84 87 67  03 07 11 20 59  25 70 14 66 70
        23 52 37 83 17  73 20 88 98 37  68 93 59 14 16  26 25 22 96 63  05 52 28 25 62
        04 49 35 24 94  75 24 63 38 24  45 86 25 10 25  61 96 27 93 35  65 33 71 24 72
        00 54 99 76 54  64 05 18 81 59  96 11 96 38 96  54 69 28 23 91  23 28 72 95 29
        35 96 31 53 07  26 89 80 93 45  33 35 13 54 62  77 97 45 00 24  90 10 33 93 33
        59 80 80 83 91  45 42 72 68 42  83 60 94 97 00  13 02 12 48 92  78 56 52 01 06
        46 05 88 52 36  01 39 09 22 86  77 28 14 40 77  93 91 08 36 47  70 61 74 29 41
        32 17 90 05 97  87 37 92 52 41  05 56 70 70 07  86 74 31 71 57  85 39 41 18 38
        69 23 46 14 06  20 11 74 52 04  15 95 66 00 00  18 74 39 24 23  97 11 89 63 38
        19 56 54 14 30  01 75 87 53 79  40 41 92 15 85  66 67 43 68 06  84 96 28 52 07
        45 15 51 49 38  19 47 60 72 46  43 66 79 45 43  59 04 79 00 33  20 82 66 95 41
        94 86 43 19 94  36 16 81 08 51  34 88 88 15 53  01 54 03 54 56  05 01 45 11 76
        98 08 62 48 26  45 24 02 84 04  44 99 90 88 96  39 09 47 34 07  35 44 13 18 80
        33 18 51 62 32  41 94 15 09 49  89 43 54 85 81  88 69 54 19 94  37 54 87 30 43
        80 95 10 04 06  96 38 27 07 74  20 15 12 33 87  25 01 62 52 98  94 62 46 11 71
        79 75 24 91 40  71 96 12 82 96  69 86 10 25 91  74 85 22 05 39  00 38 75 95 79
        18 63 33 25 37  98 14 50 65 71  31 01 02 46 74  05 45 56 14 27  77 93 89 19 36
        74 02 94 39 02  77 55 73 22 70  97 79 01 71 19  52 52 75 80 21  80 81 45 17 48
        54 17 84 56 11  80 99 33 71 43  05 33 51 29 69  56 12 71 92 55  36 04 09 03 24
        11 66 44 98 83  52 07 98 48 27  59 38 17 15 39  09 97 33 34 40  88 46 12 33 56
        48 32 47 79 28  31 24 96 47 10  02 29 53 68 70  32 30 75 75 46  15 02 00 99 94
        69 07 49 41 38  87 63 79 19 76  35 58 40 44 01  10 51 82 16 15  01 84 87 69 38
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TABLE A.3. EXAMPLE OF RANDOM ASSIGNMENT OF FIRST TEN FISH TO REPLICATE
CHAMBERS

Fish Assignment
First fish taken from tank 25.0% effluent, replicate chamber 1
Second fish taken from tank 6.25% effluent, replicate chamber 2
Third fish taken from tank 50.0% effluent, replicate chamber 4
Fourth fish taken from tank 100.0% effluent, replicate chamber 4
Fifth fish taken from tank 6.25% effluent, replicate chamber 1
Sixth fish taken from tank 25.0% effluent, replicate chamber 4
Seventh fish taken from tank 50.0% effluent, replicate chamber 1
Eighth fish taken from tank 100.0% effluent, replicate chamber 3
Ninth fish taken from tank 50.0% effluent, replicate chamber 2
Tenth fish taken from tank 100.0% effluent, replicate chamber 4

TABLE A.4 RANDOM ASSIGNMENT OF REPLICATE CHAMBERS TO POSITIONS: EXAMPLE
LABELING THE POSITIONS WITHIN THE WATER BATH

1 2 3 4 5 6

7 8 9 10 11 12

13 14 15 16 17 18

19 20 21 22 23 24

2.3.4   Continue in this fashion until all the fish have been randomly assigned to a replicate chamber.  In order to fill
each replicate chamber with ten fish, the assigned numbers will be used more than once.  If a number is read from
the table that was not assigned to a replicate chamber, then ignore it and continue to the next number.  If a replicate
chamber becomes filled and a number is read from the table that corresponds to it, then ignore that value and
continue to the next number.  The first ten random assignments of fish to replicate chambers for the example are
summarized in Table A.3.

2.3.5   Four double-digit numbers were assigned to each replicate chamber (instead of one, two, or three double-
digit numbers) in order to make efficient use of the random number table (Table A.2).  To illustrate, consider the
assignment of only one double-digit number to each replicate chamber:  the first column of assigned numbers in
Table A.1.  Whenever the numbers 00 and 25 through 99 are read from Table A.2, they will be disregarded and the
next number will be read.

2.4   RANDOMIZATION OF REPLICATE CHAMBERS TO POSITIONS EXAMPLE

2.4.1   Next consider the random assignment of the 24 replicate chambers to positions within the water bath (or
equivalent).  Assume that the replicate chambers are to be positioned in a four row by six column rectangular array. 
The first step is to label the positions in the water bath.  Table A.4 provides an example layout.
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2.4.2   The second step is to assign each of the 24 positions four double-digit numbers.  An example of this
assignment is provided in Table A.5.  Note that the double digits 00 and 97 through 99 were not used.

TABLE A.5. RANDOM ASSIGNMENT OF REPLICATE CHAMBERS TO POSITIONS: EXAMPLE
ASSIGNED NUMBERS FOR EACH POSITION

Assigned Numbers Position

01, 25, 49, 73 1
02, 26, 50, 74 2
03, 27, 51, 75 3
04, 28, 52, 76 4
05, 29, 53, 77 5
06, 30, 54, 78 6
07, 31, 55, 79 7
08, 32, 56, 80 8
09, 33, 57, 81 9
10, 34, 58, 82 10
11, 35, 59, 83 11
12, 36, 60, 84 12
13, 37, 61, 85 13
14, 38, 62, 86 14
15, 39, 63, 87 15
16, 40, 64, 88 16
17, 41, 65, 89 17
18, 42, 66, 90 18
19, 43, 67, 91 19
20, 44, 68, 92 20
21, 45, 69, 93 21
22, 46, 70, 94 22
23, 47, 71, 95 23
24, 48, 72, 96 24

2.4.3   The random numbers used to carry out the random assignment of replicate chambers to positions are
provided in Table A.2.  The third step is to choose a starting position in Table A.2, and read the first double-digit
number.  The first number read identifies the position for the first replicate chamber of the control.  For the
example, the first entry in row 10 of Table A.2 was chosen as the starting position.  The first number in this row was
73.  According to Table A.5, this number corresponds to position 1.  Thus, the first replicate chamber for the control
will be placed in position 1. 

2.4.4   The next step is to read the double-digit number to the right of the first one.  The second number identifies
the position for the second replicate chamber of the control.  Continuing the example, the second number read in
row 10 of Table A.2 is 79.  According to Table A.5, this number corresponds to position 7.  Thus, the second
replicate chamber for the control will be placed in position 7.

2.4.5   Continue in this fashion until all the replicate chambers have been assigned to a position.  The first four
numbers read will identify the positions for the control replicate chambers, the second four numbers read will
identify the positions for the lowest effluent concentration replicate chambers, and so on.  If a number is read from
the table that was not assigned to a position, then ignore that value and continue to the next number.  If a number is
repeated in Table A.2, then ignore the repeats and continue to the next number.  The complete randomization of
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replicate chambers to positions for the example is displayed in Table A.6.

TABLE A.6. RANDOM ASSIGNMENT OF REPLICATE CHAMBERS TO POSITIONS:
EXAMPLE ASSIGNMENT OF ALL 24 POSITIONS

Control 100.0% 6.25% 6.25% 6.25% 12.5% 

Control 12.5% Control 25.0% 12.5% 25.0% 

100.0% 50.0% 100.0% Control 100.0% 25.0% 

50.0% 50.0% 25.0% 50.0% 12.5% 6.25%

2.4.6   Four double-digit numbers were assigned to each position (instead of one, two, or three) in order to make
efficient use of the random number table (Table A.2).  To illustrate, consider the assignment of only one double-
digit number to each position:  the first column of assigned numbers in Table A.5.  Whenever the numbers 00 and
25 through 99 are read from Table A.2, they will be disregarded and the next number will be read.

3.   OUTLIERS

3.1   An outlier is an inconsistent or questionable data point that appears unrepresentative of the general trend
exhibited by the majority of the data.  Outliers may be detected by tabulation of the data, plotting, and by an
analysis of the residuals.  An explanation should be sought for any questionable data points.  Without an
explanation, data points should be discarded only with extreme caution.  If there is no explanation, the analysis
should be performed both with and without the outlier, and the results of both analyses should be reported.

3.2   Gentleman-Wilk's A statistic gives a test for the condition that the extreme observation may be considered an
outlier.  For a discussion of this, and other techniques for evaluating outliers, see Draper and John (1981).
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APPENDIX B

VALIDATING NORMALITY AND HOMOGENEITY OF VARIANCE ASSUMPTIONS

1.   INTRODUCTION

1.1   Dunnett's Procedure and the t test with Bonferroni's adjustment are parametric procedures based on the
assumptions that the observations within treatments are independent and normally distributed, and that the variance
of the observations is homogeneous across all toxicant concentrations and the control.  These assumptions should be
checked prior to using these tests, to determine if they have been met.  Tests for validating the assumptions are
provided in the following discussion.  If the tests fail (if the data do not meet the assumptions), a nonparametric
procedure such as Steel's Many-one Rank Test may be more appropriate.  However, the decision on whether to use
parametric or nonparametric tests may be a judgment call, and a statistician should be consulted in selecting the
analysis.

2.   TEST FOR NORMAL DISTRIBUTION OF DATA

2.1   SHAPIRO-WILK'S TEST

2.1.1   One formal test for normality is the Shapiro-Wilk's Test (Conover, 1980).  The test statistic is obtained by
dividing the square of an appropriate linear combination of the sample order statistics by the usual symmetric
estimate of variance.  The calculated W must be greater than zero and less than or equal to one.  This test is
recommended for a sample size of 50 or less.  If the sample size is greater than 50, the Kolmogorov "D" statistic
(Stephens, 1974) is recommended. An example of the Shapiro-Wilk's test is provided below. 

2.2   The example uses growth data from the Fathead Minnow Larval Survival and Growth Test.  The same data are
used in the discussion of the homogeneity of variance determination in Paragraph 3 and Dunnett's Procedure in
Appendix C. The data, the mean and variance of the observations at each concentration, including the control, are
listed in Table B.1.

TABLE B.1. FATHEAD LARVAL, PIMEPHALES PROMELAS, LARVAL GROWTH DATA  
(WEIGHT IN MG) FOR THE SHAPIRO-WILK'S TEST 

NaPCP Concentration (µg/L)       

Replicate Control 32 64 128 256

    A 0.711 0.646 0.669 0.629 0.650
    B 0.662 0.626 0.669 0.680 0.558
    C 0.718 0.723 0.694 0.513 0.606
    D 0.767 0.700 0.676 0.672 0.508

Mean( ) 0.714 0.674 0.677 0.624 0.580Ȳi
Si

2 0.0018 0.0020 0.0001 0.0059 0.0037
i 1 2 3 4 5

2.3   The first step of the test for normality is to center the observations by subtracting the mean of all the
observations within a concentration from each observation in that concentration.  The centered observations are
listed in Table B.2.
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TABLE B.2.  EXAMPLE OF SHAPIRO-WILK'S TEST:  CENTERED OBSERVATIONS

NaPCP Concentration (µg/L)

Replicate Control 32 64 128 256

A -0.003 -0.028 -0.008 0.005 0.070
B -0.052 -0.048 -0.008 0.056 -0.022
C 0.004 0.049 0.017 -0.111 0.026
D 0.053 0.026 -0.001 0.048 -0.072

2.4   Calculate the denominator, D, of the test statistic:

Where:  Xi =  the centered observations and &X is the overall mean of the centered observations.  For this set of data,
&X = 0, and D = 0.0412. 

2.5   Order the centered observations from smallest to largest.

                     X(1) # X(2) # ... # X(n) 

where X(i) denotes the ith ordered observation.  The ordered observations are listed in Table B.3.

TABLE B.3.  EXAMPLE OF THE SHAPIRO-WILK'S TEST:  ORDERED OBSERVATIONS

i X(i) i X(i)

1 -0.111 11 0.004
2 -0.072 12 0.005
3 -0.052 13 0.017
4 -0.048 14 0.026
5 -0.028 15 0.026
6 -0.022 16 0.048
7 -0.008 17 0.049
8 -0.008 18 0.053
9 -0.003 19 0.056

10 -0.001 20 0.070

2.6   From Table B.4, for the number of observations, n, obtain the coefficients a1, a2, ..., ak, where k is n/2 if n is
even, and (n-1)/2 if n is odd.  For the data in this example, n = 20, k = 10.  The ai values are listed in Table B.5.
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TABLE B.4.  COEFFICIENTS FOR THE SHAPIRO-WILK'S TEST (Conover, 1980)

Number of Observations
i±n   2 3 4 5 6 7 8 9 10

 1 0.7071 0.7071 0.6872 0.6646 0.6431 0.6233 0.6052 0.5888 0.5739
 2 - 0.0000 0.1667 0.2413 0.2806 0.3031 0.3164 0.3244 0.3291
 3 - - - 0.0000 0.0875 0.1401 0.1743 0.1976 0.2141
 4 - - - - - 0.0000 0.0561 0.0947 0.1224
 5 - - - - - - - 0.0000 0.0399

Number of Observations  
i±n 11 12 13 14 15 16 17 18 19 20
 1 0.5601 0.5475 0.5359 0.5251 0.5150 0.5056 0.4968 0.4886 0.4808 0.4734
 2 0.3315 0.3325 0.3325 0.3318 0.3306 0.3209 0.3273 0.3253 0.3232 0.3211
 3 0.2260 0.2347 0.2412 0.2460 0.2495 0.2521 0.2540 0.2553 0.2561 0.2565
 4 0.1429 0.1586 0.1707 0.1802 0.1878 0.1939 0.1988 0.2027 0.2059 0.2085
 5 0.0695 0.0922 0.1099 0.1240 0.1353 0.1447 0.1524 0.1587 0.1641 0.1686
 6 0.0000 0.0303 0.0539 0.0727 0.0880 0.1005 0.1109 0.1197 0.1271 0.1334
 7 - - 0.0000 0.0240 0.0433 0.0593 0.0725 0.0837 0.0932 0.1013
 8 - - - - 0.0000 0.0196 0.0359 0.0496 0.0612 0.0711
 9 - - - - - - 0.0000 0.0163 0.0303 0.0422
10 - - - - - - - - 0.0000 0.0140
                                                                                

Number of Observations
i±n 21 22 23 24 25 26 27 28 29 30
                                                                                
 1 0.4643 0.4590 0.4542 0.4493 0.4450 0.4407 0.4366 0.4328 0.4291 0.4254
 2 0.3185 0.3156 0.3126 0.3098 0.3069 0.3043 0.3018 0.2992 0.2968 0.2944
 3 0.2578 0.2571 0.2563 0.2554 0.2543 0.2533 0.2522 0.2510 0.2499 0.2487
 4 0.2119 0.2131 0.2139 0.2145 0.2148 0.2151 0.2152 0.2151 0.2150 0.2148
 5 0.1736 0.1764 0.1787 0.1807 0.1822 0.1836 0.1848 0.1857 0.1864 0.1870
 6 0.1399 0.1443 0.1480 0.1512 0.1539 0.1563 0.1584 0.1601 0.1616 0.1630
 7 0.1092 0.1150 0.1201 0.1245 0.1283 0.1316 0.1346 0.1372 0.1395 0.1415
 8 0.0804 0.0878 0.0941 0.0997 0.1046 0.1089 0.1128 0.1162 0.1192 0.1219
 9 0.0530 0.0618 0.0696 0.0764 0.0923 0.0876 0.0923 0.0965 0.1002 0.1036
10 0.0263 0.0368 0.0459 0.0539 0.0610 0.0672 0.0728 0.0778 0.0822 0.0862
11 0.0000 0.0122 0.0228 0.0321 0.0403 0.0476 0.0540 0.0598 0.0650 0.0697
12 - - 0.0000 0.0107 0.0200 0.0284 0.0358 0.0424 0.0483 0.0537
13 - - - - 0.0000 0.0094 0.0178 0.0253 0.0320 0.0381
14 - - - - - - 0.0000 0.0084 0.0159 0.0227
15 - - - - - - - - 0.0000 0.0076
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TABLE B.4.  COEFFICIENTS FOR THE SHAPIRO WILK'S TEST (CONTINUED)

Number of Observations
i±n 31 32 33 34 35 36 37 38 39 40

 1 0.4220 0.4188 0.4156 0.4127 0.4096 0.4068 0.4040 0.4015 0.3989 0.3964
 2 0.2921 0.2898 0.2876 0.2854 0.2834 0.2813 0.2794 0.2774 0.2755 0.2737
 3 0.2475 0.2462 0.2451 0.2439 0.2427 0.2415 0.2403 0.2391 0.2380 0.2368
 4 0.2145 0.2141 0.2137 0.2132 0.2127 0.2121 0.2116 0.2110 0.2104 0.2098
 5 0.1874 0.1878 0.1880 0.1882 0.1883 0.1883 0.1883 0.1881 0.1880 0.1878
 6 0.1641 0.1651 0.1660 0.1667 0.1673 0.1678 0.1663 0.1686 0.1689 0.1691
 7 0.1433 0.1449 0.1463 0.1475 0.1487 0.1496 0.1505 0.1513 0.1520 0.1526
 8 0.1243 0.1265 0.1284 0.1301 0.1317 0.1331 0.1344 0.1356 0.1366 0.1376
 9 0.1066 0.1093 0.1118 0.1140 0.1160 0.1179 0.1196 0.1211 0.1225 0.1237
10 0.0899 0.0931 0.0961 0.0988 0.1013 0.1036 0.1056 0.1075 0.1092 0.1108
11 0.0739 0.0777 0.0812 0.0844 0.0873 0.0900 0.0924 0.0947 0.0967 0.0986
12 0.0585 0.0629 0.0669 0.0706 0.0739 0.0770 0.0798 0.0824 0.0848 0.0870
13 0.0435 0.0485 0.0530 0.0572 0.0610 0.0645 0.0677 0.0706 0.0733 0.0759
14 0.0289 0.0344 0.0395 0.0441 0.0484 0.0523 0.0559 0.0592 0.0622 0.0651
15 0.0144 0.0206 0.0262 0.0314 0.0361 0.0404 0.0444 0.0481 0.0515 0.0546
16 0.0000 0.0068 0.0131 0.0187 0.0239 0.0287 0.0331 0.0372 0.0409 0.0444
17 - - 0.0000 0.0062 0.0119 0.0172 0.0220 0.0264 0.0305 0.0343
18 - - - - 0.0000 0.0057 0.0110 0.0158 0.0203 0.0244
19 - - - - - - 0.0000 0.0053 0.0101 0.0146
20 - - - - - - - - 0.0000 0.0049

Number of Observations  
i±n 41 42 43 44 45 46 47 48 49 50

 1 0.3940 0.3917 0.3894 0.3872 0.3850 0.3830 0.3808 0.3789 0.3770 0.3751
 2 0.2719 0.2701 0.2684 0.2667 0.2651 0.2635 0.2620 0.2604 0.2589 0.2574
 3 0.2357 0.2345 0.2334 0.2323 0.2313 0.2302 0.2291 0.2281 0.2271 0.2260
 4 0.2091 0.2085 0.2078 0.2072 0.2065 0.2058 0.2052 0.2045 0.2038 0.2032
 5 0.1876 0.1874 0.1871 0.1868 0.1865 0.1862 0.1859 0.1855 0.1851 0.1847
 6 0.1693 0.1694 0.1695 0.1695 0.1695 0.1695 0.1695 0.1693 0.1692 0.1691
 7 0.1531 0.1535 0.1539 0.1542 0.1545 0.1548 0.1550 0.1551 0.1553 0.1554
 8 0.1384 0.1392 0.1398 0.1405 0.1410 0.1415 0.1420 0.1423 0.1427 0.1430
 9 0.1249 0.1259 0.1269 9,1278 0.1286 0.1293 0.1300 0.1306 0.1312 0.1317
10 0.1123 0.1136 0.1149 0.1160 9.1170 0.1180 0.1189 0.1197 0.1205 0.1212
11 0.1004 0.1020 0.1035 0.1049 0.1062 0.1073 0.1085 0.1095 0.1105 0.1113
12 0.0891 0.0909 0.0927 0.0943 0.0959 0.0972 0.0986 0.0998 0.1010 0.1020
13 0.0782 0.0804 0.0824 0.0842 0.0860 0.0876 0.0892 0.0906 0.0919 0.0932
14 0.0677 0.0701 0.0724 0.0745 0.0765 0.0783 0.0801 0.0817 0.0832 0.0846
15 0.0575 0.0602 0.0628 0.0651 0.0673 0.0694 0.0713 0.0731 0.0748 0.0764
16 0.0476 0.0506 0.0534 0.0560 0.0584 0.0607 0.0628 0.0648 0.0667 0.0685
17 0.0379 0.0411 0.0442 0.0471 0.0497 0.0522 0.0546 0.0568 0.0588 0.0608
18 0.0283 0.0318 0.0352 0.0383 0.0412 0.0439 0.0465 0.0489 0.0511 0.0532
19 0.0188 0.0227 0.0263 0.0296 0.0328 0.0357 0.0385 0.0411 0.0436 0.0459
20 0.0094 0.0136 0.0175 0.0211 0.0245 0.0277 0.0307 0.0335 0.0361 0.0386
21 0.0000 0.0045 0.0087 0.0126 0.0163 0.0197 0.0229 0.0259 0.0288 0.0314
22 - - 0.0000 0.0042 0.0081 0.0118 0.0153 0.0185 0.0215 0.0244
23 - - - - 0.0000 0.0039 0.0076 0.0111 0.0143 0.0174
24 - - - - - - 0.0000 0.0037 0.0071 0.0104
25 - - - - - - - - 0.0000 0.0035
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2.7   Compute the test statistic, W, as follows: 

The differences, X(n-i+1) - X(i), are listed in Table B.5.

2.8   The decision rule for this test is to compare the critical value from Table B.6 to the computed W.  If the
computed value is less than the critical value, conclude that the data are not normally distributed.  For this example,
the critical value at a significance level of 0.01 and 20 observations (n) is 0.868.  The calculated value, 0.959, is not
less than the critical value. Therefore, conclude that the data are normally distributed.

TABLE B.5. EXAMPLE OF THE SHAPIRO-WILK'S TEST:  TABLE OF COEFFICIENTS AND
DIFFERENCES

 i ai X(n-i+1) - X(i) 
1 0.4734 0.181 X(20) - X(1)

2 0.3211 0.128 X(19) - X(2)

3 0.2565 0.105 X(18) - X(3)

4 0.2085 0.097 X(17) - X(4)

5 0.1686 0.076 X(16) - X(5)

6 0.1334 0.048 X(15) - X(6)

7 0.1013 0.034 X(14) - X(7)

8 0.0711 0.025 X(13) - X(8)

9 0.0422 0.008 X(12) - X(9)

10 0.0140 0.005 X(11) - X(10)

2.9   In general, if the data fail the test for normality, a transformation such as to log values may normalize the data. 
After transforming the data, repeat the Shapiro-Wilk's Test for normality.

2.10   KOLMOGOROV "D" TEST

2.10.1   A formal two-sided test for normality is the Kolmogorov "D" Test.  The test statistic is calculated by
obtaining the difference between the cumulative distribution function estimated from the data and the standard
normal cumulative distribution function for each standardized observation.  This test is recommended for a sample
size greater than 50.  If the sample size is less than or equal to 50, then the Shapiro Wilk's Test is recommended.  An
example of the Kolmogorov "D" test is provided below.

2.10.2   The example uses reproduction data from the daphnid, Ceriodaphnia dubia, Survival and Reproduction
Test.  The observed data and the mean of the observations at each concentration, including the control, are listed in
Table B.7.

2.10.3   The first step of the test for normality is to center the observations by subtracting the mean of all the
observations within a concentration from each observation in that concentration.  The centered observations for the
example are listed in Table B.8.
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TABLE B.6.  QUANTILES OF THE SHAPIRO-WILK'S TEST STATISTIC (Conover, 1980)

 n 0.01 0.02 0.05 0.10 0.50 0.90 0.95 0.98 0.99

 3 0.753 0.756 0.767 0.789 0.959 0.998 0.999 1.000 1.000
 4 0.687 0.707 0.748 0.792 0.935 0.987 0.992 0.996 0.997
 5 0.686 0.715 0.762 0.806 0.927 0.979 0.986 0.991 0.993
 6 0.713 0.743 0.788 0.826 0.927 0.974 0.981 0.986 0.989
 7 0.730 0.760 0.803 0.838 0.928 0.972 0.979 0.985 0.988
 8 0.749 0.778 0.818 0.851 0.932 0.972 0.978 0.984 0.987
 9 0.764 0.791 0.829 0.859 0.935 0.972 0.978 0.984 0.986
10 0.781 0.806 0.842 0.869 0.938 0.972 0.978 0.983 0.986
11 0.792 0.817 0.850 0.876 0.940 0.973 0.979 0.984 0.986
12 0.805 0.828 0.859 0.883 0.943 0.973 0.979 0.984 0.986
13 0.814 0.837 0.866 0.889 0.945 0.974 0.979 0.984 0.986
14 0.825 0.846 0.874 0.895 0.947 0.975 0.980 0.984 0.986
15 0.835 0.855 0.881 0.901 0.950 0.975 0.980 0.984 0.987
16 0.844 0.863 0.887 0.906 0.952 0.976 0.981 0.985 0.987
17 0.851 0.869 0.892 0.910 0.954 0.977 0.981 0.985 0.987
18 0.858 0.874 0.897 0.914 0.956 0.978 0.982 0.986 0.988
19 0.863 0.879 0.901 0.917 0.957 0.978 0.982 0.986 0.988
20 0.868 0.884 0.905 0.920 0.959 0.979 0.983 0.986 0.988
21 0.873 0.888 0.908 0.923 0.960 0.980 0.983 0.987 0.989
22 0.878 0.892 0.911 0.926 0.961 0.980 0.984 0.987 0.989
23 0.881 0.895 0.914 0.928 0.962 0.981 0.984 0.987 0.989
24 0.884 0.898 0.916 0.930 0.963 0.981 0.984 0.987 0.989
25 0.888 0.901 0.918 0.931 0.964 0.981 0.985 0.988 0.989
26 0.891 0.904 0.920 0.933 0.965 0.982 0.985 0.988 0.989
27 0.894 0.906 0.923 0.935 0.965 0.982 0.985 0.988 0.990
28 0.896 0.908 0.924 0.936 0.966 0.982 0.985 0.988 0.990
29 0.898 0.910 0.926 0.937 0.966 0.982 0.985 0.988 0.990
30 0.900 0.912 0.927 0.939 0.967 0.983 0.985 0.988 0.990
31 0.902 0.914 0.929 0.940 0.967 0.983 0.986 0.988 0.990
32 0.904 0.915 0.930 0.941 0.968 0.983 0.986 0.988 0.990
33 0.906 0.917 0.931 0.942 0.968 0.983 0.986 0.989 0.990
34 0.908 0.919 0.933 0.943 0.969 0.983 0.986 0.989 0.990
35 0.910 0.920 0.934 0.944 0.969 0.984 0.986 0.989 0.990
36 0.912 0.922 0.935 0.945 0.970 0.984 0.986 0.989 0.990
37 0.914 0.924 0.936 0.946 0.970 0.984 0.987 0.989 0.990
38 0.916 0.925 0.938 0.947 0.971 0.984 0.987 0.989 0.990
39 0.917 0.927 0.939 0.948 0.971 0.984 0.987 0.989 0.991
40 0.919 0.928 0.940 0.949 0.972 0.985 0.987 0.989 0.991
41 0.920 0.929 0.941 0.950 0.972 0.985 0.987 0.989 0.991
42 0.922 0.930 0.942 0.951 0.972 0.985 0.987 0.989 0.991
43 0.923 0.932 0.943 0.951 0.973 0.985 0.987 0.990 0.991
44 0.924 0.933 0.944 0.952 0.973 0.985 0.987 0.990 0.991
45 0.926 0.934 0.945 0.953 0.973 0.985 0.988 0.990 0.991
46 0.927 0.935 0.945 0.953 0.974 0.985 0.988 0.990 0.991
47 0.928 0.936 0.946 0.954 0.974 0.985 0.988 0.990 0.991
48 0.929 0.937 0.947 0.954 0.974 0.985 0.988 0.990 0.991
49 0.929 0.937 0.947 0.955 0.974 0.985 0.988 0.990 0.991
50 0.930 0.938 0.947 0.955 0.974 0.985 0.988 0.990 0.991 
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TABLE B.7. CERIODAPHNIA DUBIA REPRODUCTION DATA FOR THE KOLMOGOROV "D"
TEST

Effluent Concentration (%)

Replicate Control 1.56 3.12 6.25 12.5 25.0

1 27 32 39 27 19 10
2 30 35 30 34 25 13
3 29 32 33 36 26 7
4 31 26 33 34 17 7
5 16 18 36 31 16 7
6 15 29 33 27 21 10
7 18 27 33 33 23 10
8 17 16 27 31 15 16
9 14 35 38 33 18 12

10 27 13 44 31 10 2

Mean 22.4 26.3 34.6 31.7 19.0 9.4

TABLE B.8.  CENTERED OBSERVATIONS FOR KOLMOGOROV “D” EXAMPLE

Effluent Concentration (%)

Replicate Control 1.56 3.12 6.25 12.5 25.0

1 4.6 5.7 4.4 -4.7 0.0 0.6

2 7.6 8.7 -4.6 2.3 6.0 3.6

3 6.6 5.7 -1.6 4.3 7.0 -2.4

4 8.6 -0.3 -1.6 2.3 -2.0 -2.4

5 -6.4 -8.3 1.4 -0.7 -3.0 -2.4

6 -7.4 2.7 -1.6 -4.7 2.0 0.6

7 -4.4 0.7 -1.6 1.3 4.0 0.6

8 -5.4 -10.3 -7.6 -0.7 -4.0 6.6

9 -8.4 8.7 3.4 1.3 -1.0 2.6

10 4.6 -13.3 9.4 -0.7 -9.0 -7.4
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2.10.4   Order the centered observations from smallest to largest:

                           X(1) # X(2) # ... # X(n)

where X(i) denotes the ith ordered observation, and n denotes the total number of centered observations.  The
ordered observations for the example are listed in Table B.9.
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TABLE B.9.  EXAMPLE CALCULATION OF THE KOLMOGOROV "D" STATISTIC

i X(i) zi pi Di+ Di-
1 -13.3 -2.51 0.0060 0.0107 0.0060
2 -10.3 -1.94 0.0262 0.0071 0.0095
3 -9.0 -1.70 0.0446 0.0054 0.0113
4 -8.4 -1.58 0.0571 0.0096 0.0071
5 -8.3 -1.57 0.0582 0.0251 -0.0085
6 -7.6 -1.43 0.0764 0.0236 -0.0069
7 -7.4 -1.40 0.0808 0.0359 -0.0192
8 -7.4 -1.40 0.0808 0.0525 -0.0359
9 -6.4 -1.21 0.1131 0.0369 -0.0202

10 -5.4 -1.02 0.1539 0.0128 0.0039
11 -4.7 -0.89 0.1867 -0.0034 0.0200
12 -4.7 -0.89 0.1867 0.0133 0.0034
13 -4.6 -0.87 0.1922 0.0245 -0.0078
14 -4.4 -0.83 0.2033 0.0300 -0.0134
15 -4.0 -0.75 0.2266 0.0234 -0.0067
16 -3.0 -0.57 0.2843 -0.0176 0.0343
17 -2.4 -0.45 0.3264 -0.0431 0.0597
18 -2.4 -0.45 0.3264 -0.0264 0.0431
19 -2.4 -0.45 0.3264 -0.0097 0.0264
20 -2.0 -0.38 0.3520 -0.0187 0.0353
21 -1.6 -0.30 0.3821 -0.0321 0.0488
22 -1.6 -0.30 0.3821 -0.0154 0.0321
23 -1.6 -0.30 0.3821 0.0012 0.0154
24 -1.6 -0.30 0.3821 0.0179 -0.0012
25 -1.0 -0.19 0.4247 -0.0080 0.0247
26 -0.7 -0.13 0.4483 -0.0150 0.0316
27 -0.7 -0.13 0.4483 0.0017 0.0150
28 -0.7 -0.13 0.4483 0.0184 -0.0017
29 -0.3 -0.06 0.4761 0.0072 0.0094
30 0.0 0.00 0.5000 0.0000 0.0167
31 0.6 0.11 0.5438 -0.0271 0.0438
32 0.6 0.11 0.5438 -0.0105 0.0271
33 0.6 0.11 0.5438 0.0062 0.0105
34 0.7 0.13 0.5517 0.0150 0.0017
35 1.3 0.25 0.5987 -0.0154 0.0320
36 1.3 0.25 0.5987 0.0013 0.0154
37 1.4 0.26 0.6026 0.0141 0.0026
38 2.0 0.38 0.6480 -0.0147 0.0313
39 2.3 0.43 0.6664 -0.0164 0.0331
40 2.3 0.43 0.6664 0.0003 0.0164
41 2.6 0.49 0.6879 -0.0046 0.0212
42 2.7 0.51 0.6950 0.0050 0.0117
43 3.4 0.64 0.7389 -0.0222 0.0389
44 3.6 0.68 0.7517 -0.0184 0.0350
45 4.0 0.75 0.7734 -0.0234 0.0401
46 4.3 0.81 0.7910 -0.0243 0.0410
47 4.4 0.83 0.7967 -0.0134 0.0300
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zi '
X (i)

s
and  s 2 '

'[X (i)]2

(n&1)

 TABLE B.9.  EXAMPLE CALCULATION OF THE KOLMOGOROV "D" STATISTIC (CONTINUED)

i X(i) zi pi Di+ Di-
48 4.6 0.87 0.8078 -0.0078 0.0245
49 4.6 0.87 0.8078 0.0089 0.0078
50 5.7 1.08 0.8599 -0.0266 0.0432
51 5.7 1.08 0.8599 -0.0099 0.0266
52 6.0 1.13 0.8708 -0.0041 0.0208
53 6.6 1.25 0.8944 -0.0111 0.0277
54 6.6 1.25 0.8944 0.0056 0.0111
55 7.0 1.32 0.9066 0.0101 0.0066
56 7.6 1.43 0.9236 0.0097 0.0069
57 8.6 1.62 0.9474 0.0026 0.0141
58 8.7 1.64 0.9495 0.0172 -0.0005
59 8.7 1.64 0.9495 0.0338 -0.0172
60 9.4 1.77 0.9616 0.0384 -0.0217

2.10.5   The next step is to standardize the ordered observations.  Let zi denote the standardized value of the ith
ordered observation.  Then, 

For the example, s = 5.3, and the standardized observations are listed in Table B.9.

2.10.6   From Table B.10, obtain the value of the standard normal cumulative distribution function (standard normal
CDF) at zi.  Denote this value as p i.  Note that negative z are not listed in Table B.10.  The value of the standard
normal CDF at a negative number is one minus the value of the standard normal CDF at the absolute value of that
number.  For example, since the value of the standard normal CDF at 3.21 is 0.9993, the value of the standard
normal CDF at  -3.21 is 1 - 0.9993 = 0.0007.  The pi values for the example data are listed in Table B.9.
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TABLE B.10. P IS THE VALUE OF THE STANDARD NORMAL CUMULATIVE DISTRIBUTION
AT Z

z p z p z p z p
0.00 0.5000 0.41 0.6591 0.82 0.7939 1.23 0.8907
0.01 0.5040 0.42 0.6628 0.83 0.7967 1.24 0.8925
0.02 0.5080 0.43 0.6664 0.84 0.7995 1.25 0.8944
0.03 0.5120 0.44 0.6700 0.85 0.8023 1.26 0.8962
0.04 0.5160 0.45 0.6736 0.86 0.8051 1.27 0.8980
0.05 0.5199 0.46 0.6772 0.87 0.8078 1.28 0.8997
0.06 0.5239 0.47 0.6808 0.88 0.8106 1.29 0.9015
0.07 0.5279 0.48 0.6844 0.89 0.8133 1.30 0.9032
0.08 0.5319 0.49 0.6879 0.90 0.8159 1.31 0.9049
0.09 0.5359 0.50 0.6915 0.91 0.8186 1.32 0.9066
0.10 0.5398 0.51 0.6950 0.92 0.8212 1.33 0.9082
0.11 0.5438 0.52 0.6985 0.93 0.8238 1.34 0.9099
0.12 0.5478 0.53 0.7019 0.94 0.8264 1.35 0.9115
0.13 0.5517 0.54 0.7054 0.95 0.8289 1.36 0.9131
0.14 0.5557 0.55 0.7088 0.96 0.8315 1.37 0.9147
0.15 0.5596 0.56 0.7123 0.97 0.8340 1.38 0.9162
0.16 0.5636 0.57 0.7157 0.98 0.8365 1.39 0.9177
0.17 0.5675 0.58 0.7190 0.99 0.8389 1.40 0.9192
0.18 0.5714 0.59 0.7224 1.00 0.8413 1.41 0.9207
0.19 0.5753 0.60 0.7257 1.01 0.8438 1.42 0.9222
0.20 0.5793 0.61 0.7291 1.02 0.8461 1.43 0.9236
0.21 0.5832 0.62 0.7324 1.03 0.8485 1.44 0.9251
0.22 0.5871 0.63 0.7357 1.04 0.8508 1.45 0.9265
0.23 0.5910 0.64 0.7389 1.05 0.8531 1.46 0.9279
0.24 0.5948 0.65 0.7422 1.06 0.8554 1.47 0.9292
0.25 0.5987 0.66 0.7454 1.07 0.8577 1.48 0.9306
0.26 0.6026 0.67 0.7486 1.08 0.8599 1.49 0.9319
0.27 0.6064 0.68 0.7517 1.09 0.8621 1.50 0.9332
0.28 0.6103 0.69 0.7549 1.10 0.8643 1.51 0.9345
0.29 0.6141 0.70 0.7580 1.11 0.8665 1.52 0.9357
0.30 0.6179 0.71 0.7611 1.12 0.8686 1.53 0.9370
0.31 0.6217 0.72 0.7642 1.13 0.8708 1.54 0.9382
0.32 0.6255 0.73 0.7673 1.14 0.8729 1.55 0.9394
0.33 0.6293 0.74 0.7704 1.15 0.8749 1.56 0.9406
0.34 0.6331 0.75 0.7734 1.16 0.8770 1.57 0.9418
0.35 0.6368 0.76 0.7764 1.17 0.8790 1.58 0.9429
0.36 0.6406 0.77 0.7794 1.18 0.8810 1.59 0.9441
0.37 0.6443 0.78 0.7823 1.19 0.8830 1.60 0.9452
0.38 0.6480 0.79 0.7852 1.20 0.8849 1.61 0.9463
0.39 0.6517 0.80 0.7881 1.21 0.8869 1.62 0.9474
0.40 0.6554 0.81 0.7910 1.22 0.8888 1.63 0.9484
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TABLE B.10. P IS THE VALUE OF THE STANDARD NORMAL CUMULATIVE DISTRIBUTION
AT Z (CONTINUED)

z p z p z p z p   
  1.64 0.9495 2.05 0.9798 2.46 0.9931 2.87 0.9979
  1.65 0.9505 2.06 0.9803 2.47 0.9932 2.88 0.9980
  1.66 0.9515 2.07 0.9808 2.48 0.9934 2.89 0.9981
  1.67 0.9525 2.08 0.9812 2.49 0.9936 2.90 0.9981
  1.68 0.9535 2.09 0.9817 2.50 0.9938 2.91 0.9982
  1.69 0.9545 2.10 0.9821 2.51 0.9940 2.92 0.9982
  1.70 0.9554 2.11 0.9826 2.52 0.9941 2.93 0.9983
  1.71 0.9564 2.12 0.9830 2.53 0.9943 2.94 0.9984
  1.72 0.9573 2.13 0.9834 2.54 0.9945 2.95 0.9984
  1.73 0.9582 2.14 0.9838 2.55 0.9946 2.96 0.9985
  1.74 0.9591 2.15 0.9842 2.56 0.9948 2.97 0.9985
  1.75 0.9599 2.16 0.9846 2.57 0.9949 2.98 0.9986
  1.76 0.9608 2.17 0.9850 2.58 0.9951 2.99 0.9986
  1.77 0.9616 2.18 0.9854 2.59 0.9952 3.00 0.9987
  1.78 0.9625 2.19 0.9857 2.60 0.9953 3.01 0.9987
  1.79 0.9633 2.20 0.9861 2.61 0.9955 3.02 0.9987
  1.80 0.9641 2.21 0.9864 2.62 0.9956 3.03 0.9988
  1.81 0.9649 2.22 0.9868 2.63 0.9957 3.04 0.9988
  1.82 0.9656 2.23 0.9871 2.64 0.9959 3.05 0.9989
  1.83 0.9664 2.24 0.9875 2.65 0.9960 3.06 0.9989
  1.84 0.9671 2.25 0.9878 2.66 0.9961 3.07 0.9989
  1.85 0.9678 2.26 0.9881 2.67 0.9962 3.08 0.9990
  1.86 0.9686 2.27 0.9884 2.68 0.9963 3.09 0.9990
  1.87 0.9693 2.28 0.9887 2.69 0.9964 3.10 0.9990
  1.88 0.9699 2.29 0.9890 2.70 0.9965 3.11 0.9991
  1.89 0.9706 2.30 0.9893 2.71 0.9966 3.12 0.9991
  1.90 0.9713 2.31 0.9896 2.72 0.9967 3.13 0.9991
  1.91 0.9719 2.32 0.9898 2.73 0.9968 3.14 0.9992
  1.92 0.9726 2.33 0.9901 2.74 0.9969 3.15 0.9992
  1.93 0.9732 2.34 0.9904 2.75 0.9970 3.16 0.9992
  1.94 0.9738 2.35 0.9906 2.76 0.9971 3.17 0.9992
  1.95 0.9744 2.36 0.9909 2.77 0.9972 3.18 0.9993
  1.96 0.9750 2.37 0.9911 2.78 0.9973 3.19 0.9993
  1.97 0.9756 2.38 0.9913 2.79 0.9974 3.20 0.9993
  1.98 0.9761 2.39 0.9916 2.80 0.9974 3.21 0.9993
  1.99 0.9767 2.40 0.9918 2.81 0.9975 3.22 0.9994
  2.00 0.9772 2.41 0.9920 2.82 0.9976 3.23 0.9994
  2.01 0.9778 2.42 0.9922 2.83 0.9977 3.24 0.9994
  2.02  0.9783 2.43 0.9925 2.84 0.9977 3.25 0.9994
  2.03 0.9788 2.44 0.9927 2.85 0.9978 3.26 0.9994
  2.04 0.9793 2.45 0.9929 2.86 0.9979 3.27 0.9995
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TABLE B.10. P IS THE VALUE OF THE STANDARD NORMAL CUMULATIVE DISTRIBUTION
AT Z (CONTINUED)

z p z p z p z p  
3.28 0.9995 3.46 0.9997 3.64 0.9999 3.82 0.9999
3.29 0.9995 3.47 0.9997 3.65 0.9999 3.83 0.9999
3.30 0.9995 3.48 0.0997 3.66 0.9999 3.84 0.9999
3.31 0.9995 3.49 0.9998 3.67 0.9999 3.85 0.9999
3.32 0.9995 3.50 0.9998 3.68 0.9999 3.86 0.9999
3.33 0.9996 3.51 0.9998 3.69 0.9999 3.87 0.9999
3.34 0.9996 3.52 0.9998 3.70 0.9999 3.88 0.9999
3.35 0.9996 3.53 0.9998 3.71 0.9999 3.89 0.9999
3.36 0.9996 3.54 0.9998 3.72 0.9999 3.90 1.0000
3.37 0.9996 3.55 0.9998 3.73 0.9999 3.91 1.0000
3.38 0.9996 3.56 0.9998 3.74 0.9999 3.92 1.0000
3.39 0.9997 3.57 0.9998 3.75 0.9999 3.93 1.0000
3.40 0.9997 3.58 0.9998 3.76 0.9999 3.94 1.0000
3.41 0.9997 3.59 0.9998 3.77 0.9999 3.95 1.0000
3.42 0.9997 3.60 0.9998 3.78 0.9999 3.96 1.0000
3.43 0.9997 3.61 0.9998 3.79 0.9999 3.97 1.0000
3.44 0.9997 3.62 0.9999 3.80 0.9999 3.98 1.0000
3.45 0.9997 3.63 0.9999 3.81 0.9999 3.99 1.0000

2.10.7   Next, calculate the following differences for each ordered observation:

Di+ = (i/n) - pi

Di- = pi - [(i-1)/n]

The differences for the example are listed in Table B.9.

2.10.8   Obtain the maximum of the Di+, and denote it as D+.  Obtain the maximum of the Di-, and denote it as D-. 
For the example, D+ = 0.0525, and D- = 0.0597.

2.10.9   Next, obtain the maximum of D+ and D-, and denote it as D.  For the example, D = 0.0597.

2.10.10   The test statistic, D*, is calculated as follows:

D * ' D ( n&0.01% 0.85
n

)

For the example, D* = 0.4684.

2.10.11   The decision rule for the two tailed test is to compare the critical value from Table B.11 to the computed
D*.  If the computed value is greater than the critical value, conclude that the data are not normally distributed.  For
this example, the critical value at a significance level of 0.01 is 1.035.  The calculated value, 0.4684, is not greater
than the critical value.  Thus, the conclusion of the test is that the data are normally distributed.

2.10.12   In general, if the data fail the test for normality, a transformation such as the log transformation may
normalize the data.  After transforming the data, repeat the Kolmogorov "D" test for normality.
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TABLE B.11.  CRITICAL VALUES FOR THE KOLMOGOROV "D" TEST

     
Alpha Critical
Level Value

   
0.010 1.035
0.025 0.955
0.050 0.895
0.100 0.819
0.150 0.775

   

TABLE B.12. FATHEAD LARVAL GROWTH DATA (WEIGHT IN MG) USED FOR BARTLETT'S
TEST FOR HOMOGENEITY OF VARIANCE

NaPCP Concentration (µg/L)

Replicate Control 32 64 128 256
 

A 0.711 0.646 0.669 0.629 0.650 
B 0.662 0.626 0.669 0.680 0.558 
C 0.718 0.723 0.694 0.513 0.606 
D 0.767 0.700 0.676 0.672 0.508 

     
Mean( ) 0.714 0.674 0.677 0.624 0.580 Ȳi
Si

2 0.0018 0.0020 0.0001 0.0059 0.0037 
I 1 2 3 4 5

3.   TEST FOR HOMOGENEITY OF VARIANCE

3.1   For Dunnett's Procedure and the t test with Bonferroni's adjustment, the variances of the data obtained from
each toxicant concentration and the control are assumed to be equal.  Bartlett's Test is a formal test of this
assumption.  In using this test, it is assumed that the data are normally distributed.

3.2   The data used in this example are growth data from a Fathead Minnow Larval Survival and Growth Test, and
are the same data used in Appendices C and D.  These data are listed in Table B.12, together with the calculated
variance for the control and each toxicant concentration.

3.3   The test statistic for Bartlett's Test (Snedecor and Cochran, 1980) is as follows:

         B '

[('P
i'1

Vi) ln S̄ 2
& 'P

i'1
Vi ln S 2

i ]

C

Where: Vi = degrees of freedom for each toxicant concentration and control



266

p = number of levels of toxicant concentration including the control

ln = loge

i = 1, 2, ..., p where p is the number of concentrations

ni = the number of replicates for concentration i.

S̄ 2
'

('P
i'1

Vi S
2
i )

'P
i'1

Vi

C ' 1% [3(p&1)]&1 ['P
i'1

1
Vi

& ('P
i'1

Vi)
&1]

3.4   Since B is approximately distributed as chi-square with p - 1 degrees of freedom when the variances are equal,
the appropriate critical value is obtained from a table of the chi-square distribution for p - 1 degrees of freedom and
a significance level of 0.01.  If B is less than the critical value then the variances are assumed to be equal.

3.5   For the data in this example, Vi = 3, p = 5,   = 0.0027, and C = 1.133.  The calculated B value is:S̄ 2

B '

(15)[ln(0.0027)]&3'P
i'1

ln(S 2
i )

1.133

'
15(&5.9145)&3(&32.4771)

1.133

 = 7.691 

3.6  Since B is approximately distributed as chi-square with p - 1 degrees of freedom when the variances are equal,
the appropriate critical value for the test is 13.277 for a significance level of 0.01.  Since B = 7.691 is less than the
critical value of 13.277, conclude that the variances are not different.

4.   TRANSFORMATIONS OF THE DATA 

4.1   When the assumptions of normality and/or homogeneity of variance are not met, transformations of the data
may remedy the problem, so that the data can be analyzed by parametric procedures, rather than by nonparametric
technique such as Steel's Many-one Rank Test or Wilcoxon's Rank Sum Test.  Examples of transformations include
log, square root, arc sine square root, and reciprocals.  After the data have been transformed, Shapiro-Wilk's and
Bartlett's tests should be performed on the transformed observations to determine whether the assumptions of
normality and/or homogeneity of variance are met.

4.2   ARC SINE SQUARE ROOT TRANSFORMATION (USEPA, 1993)

4.2.1   For data consisting of proportions from a binomial (response/no response; live/dead) response variable, the
variance within the ith treatment is proportional to Pi (1 - Pi), where Pi is the expected proportion for the treatment. 
This clearly violates the homogeneity of variance assumption required by parametric procedures such as Dunnett's
Procedure or the t test with Bonferroni's adjustment, since the existence of a treatment effect implies different values
of Pi for different treatments, i.  Also, when the observed proportions are based on small samples, or when Pi is
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close to zero or one, the normality assumption may be invalid.  The arc sine square root (arc sine ) transformationP
is commonly used for such data to stabilize the variance and satisfy the normality requirement.

4.2.2   Arc sine transformation consists of determining the angle (in radians) represented by a sine value.  In the
case of arc sine square root transformation of mortality data, the proportion of dead (or affected) organisms is taken
as the sine value, the square root of the sine value is calculated, and the angle (in radians) for the square root of the
sine value is determined.  Whenever the proportion dead is 0 or 1, a special modification of the arc sine square root
transformation must be used (Bartlett, 1937).  An explanation of the arc sine square root transformation and the
modification is provided below.

4.2.3   Calculate the response proportion (RP) at each effluent concentration, where:

    RP = (number of surviving or "unaffected" organisms)/(number exposed)

  Example:  If 12 of 20 animals in a given treatment replicate survive:

              RP = 12/20 

= 0.60

4.2.4   Transform each RP to its arc sine square root, as follows: 

4.2.4.1   For RPs greater than zero or less than one: 
 
         Angle (radians) = arc sine  RP
 
         Example: If RP = 0.60: 
 
             Angle = arc sine 0.60

= arc sine 0.7746

= 0.8861 radians 

4.2.4.2   Modification of the arc sine square root when RP = 0: 

         Angle (in radians) = arc sine 1/4 N

        Where: N = Number of animals/treatment replicate
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        Example: If 20 animals are used: 

              Angle = arc sine 1/80

= arc sine 0.1118 

= 0.1120 radians 

4.2.4.3   Modification of the arc sine square root when RP = 1.0:

         Angle = 1.5708 radians - (radians for RP = 0) 

        Example: Using above value: 

              Angle = 1.5708 - 0.1120 

                             = 1.4588  radians
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TABLE C.1. FATHEAD MINNOW, PIMEPHALES PROMELAS, LARVAL GROWTH DATA
(WEIGHT IN MG) USED FOR DUNNETT'S PROCEDURE

NaPCP Concentration (µg/L)

Replicate Control 32 64 128 256 

A 0.711 0.517 0.602 0.566 0.455 
B 0.662 0.501 0.669 0.612 0.502 
C 0.646 0.723 0.694 0.410 0.606 
D 0.690 0.560 0.676 0.672 0.254 

Mean( ) 0.677 0.575 0.660 0.565 0.454 Ȳi

Total(Ti) 2.709 2.301 2.641 2.260 1.817 

APPENDIX C

DUNNETT'S PROCEDURE

1.   MANUAL CALCULATIONS

1.1   Dunnett's Procedure (Dunnett, 1955; Dunnett, 1964) is used to compare each concentration mean with the
control mean to decide if any of the concentrations differ from the control.  This test has an overall error rate of
alpha, which accounts for the multiple comparisons with the control.  It is based on the assumptions that the
observations are independent and normally distributed and that the variance of the observations is homogeneous
across all concentrations and control (see Appendix B for a discussion on validating the assumptions).  Dunnett's
Procedure uses a pooled estimate of the variance, which is equal to the error value calculated in an analysis of
variance.  Dunnett's Procedure can only be used when the same number of replicate test vessels have been used at
each concentration and the control.  When this condition is not met, a t test with Bonferroni's adjustment is used
(see Appendix D).
 
1.2   The data used in this example are growth data from a Fathead Minnow Larval Survival and Growth Test, and
are the same data used in Appendices B and D.  These data are listed in Table C.1.

1.3   One way to obtain an estimate of the pooled variance is to construct an ANOVA table including all sums of
squares, using the following formulas:

Where:   p = number of effluent concentrations including:

Total Sum of SquaresSST ' '
ij

Yij
2&G 2/N

Between Sum of SquaresSSB ' '
i
Ti

2/ni&G 2/N
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SST ' '
ij

Yij
2&G 2/N

SSB ' '
i
Ti

2/ni&G 2/N

SSW ' SST&SSB

 Within Sum of SquaresSSW ' SST&SSB

G = the grand total of all sample observations; G ' 'P
i'1

Ti

Ti = the total of the replicate measurements for concentration i

N = the total sample size;  N ' '
i
ni

ni = the number of replicates for concentration i 
            

Yij = the jth observation for concentration i 

1.4   For the data in this example: 

  n1  = n2 = n 3 = n 4 = n 5 = 4

  N = 20

  T1 = Y11 + Y12 + Y 13 + Y 14 = 2.709
  T2 = Y21 + Y22 + Y 23 + Y 24 = 2.301
  T3 = Y31 + Y32 + Y 33 + Y 34 = 2.641
  T4 = Y41 + Y42 + Y 43 + Y 44 = 2.260
  T5 = Y51 + Y52 + Y 53 + Y 54 = 1.817

  G = T1 + T2 + T 3 + T 4 + T 5 = 11.728 

      = 7.146 - (11.728)2/20 

    = 0.2687

=    ¼ (28.017 - 11.728)2/20 

=    0.1270

=    0.2687 - 0.1270 

=    0.1417
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             TABLE C.2.  ANOVA TABLE FOR DUNNETT'S PROCEDURE

Source df Sum of Mean Square (MS)
Squares (SS) (SS/df)

               
Between p - 1 SSB SB

2  = SSB/(p-1)

Within N - p SSW SW
2   = SSW/(N-p)

Total N - 1 SST

      TABLE C.3.  COMPLETED ANOVA TABLE FOR DUNNETT'S PROCEDURE

Source df SS Mean Square

Between 5 - 1 = 4 0.1270 0.0318

Within 20 - 5 = 15 0.1417 0.0094

Total 19 0.2687

ti '
(Ȳ1& Ȳi)

Sw (1/n1)% (1/ni)

1.5   Summarize these data in the ANOVA table (Table C.2).

1.6   Summarize data for ANOVA (Table C.3).

1.7   To perform the individual comparisons, calculate the t statistic for each concentration and control combination,
as follows: 

Where: &Yi =  mean for concentration i

           &Y1 =  mean for the control

          Sw =  square root of the within mean square 

          n1 =  number of replicates in the control

ni =  number of replicates for concentration i. 
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TABLE C.4.  CALCULATED T VALUES

NaPCP 
Concentration i ti    

(µg/L) 

32 2 1.487 
 

64 3 0.248 
 

128 4 1.633 

256 5 3.251 

1.8   Table C.4 includes the calculated t values for each concentration and control combination.

1.9   Since the purpose of the test is only to detect a decrease in growth from the control, a one-sided test is
appropriate.  The critical value for the one-sided comparison (2.36), with an overall alpha level of 0.05, 15 degrees
of freedom and four concentrations excluding the control is read from the table of Dunnett's "T" values (Table C.5;
this table assumes an equal number of replicates in all treatment concentrations and the control).  The mean weight
for concentration i is considered significantly less than the mean weight for the control if ti is greater than the critical
value.  Since T5 is greater than 2.36, the 256 µg/L concentration has significantly lower growth than the control. 
Hence the NOEC and LOEC for growth are 128 µg/L and 256 µg/L, respectively.



273

TA
B

LE
 C

.5
.  

D
U

N
N

ET
T'

S 
"T

" 
V

A
LU

ES
 (M

ill
er

, 1
98

1)

(O
ne

-ta
ile

d)
dα

k

v 
  k

α 
= 

.0
5

α 
= 

0.
1

1
2

3
4

5
6

7
8

9
1

2
3

4
5

6
7

8
9

5
2.

02
2.

44
2.

58
2.

85
2.

98
3.

08
3.

16
3.

24
3.

30
3.

37
3.

90
4.

21
4.

43
4.

50
4.

73
4.

85
4.

94
5.

03

6
1.

94
2.

34
2.

56
2.

71
2.

83
2.

92
3.

00
3.

07
3.

12
3.

14
3.

61
4.

88
4.

07
4.

21
4.

33
4.

43
4.

51
4.

39

7
1.

89
2.

27
2.

48
2.

62
2.

73
2.

82
2.

89
2.

95
3.

01
3.

00
3.

42
3.

56
3.

83
3.

96
4.

07
4.

15
4.

23
4.

30

8
1.

86
2.

22
2.

42
2.

55
2.

56
2.

74
2.

81
2.

87
2.

92
2.

90
3.

20
3.

51
3.

67
3.

79
3.

18
3.

96
4.

03
4.

09

9
1.

83
2.

18
2.

37
2.

50
2.

60
2.

68
2.

75
2.

81
2.

86
2.

82
3.

19
3.

40
3.

55
3.

86
3.

75
3.

82
3.

89
3.

94

10
1.

81
2.

15
2.

34
2.

47
2.

56
2.

64
2.

70
2.

76
2.

81
2.

76
3.

11
3.

31
3.

45
3.

56
3.

64
3.

71
3.

78
3.

83

11
1.

80
2.

13
2.

31
2.

44
2.

53
2.

60
2.

67
2.

72
2.

77
2.

72
3.

06
3.

25
3.

38
3.

46
3.

56
3.

63
3.

69
3.

74

12
1.

78
2.

11
2.

29
2.

41
2.

50
2.

58
2.

64
2.

59
2.

74
2.

68
3.

01
3.

19
3.

32
3.

42
3.

50
3.

56
3.

62
3.

67

13
1.

77
2.

09
2.

27
2.

39
2.

48
2.

55
2.

61
2.

68
2.

71
2.

65
2.

97
3.

15
3.

27
3.

37
3.

44
3.

91
3.

56
3.

61

14
1.

76
2.

08
2.

25
2.

37
2.

46
2.

53
2.

59
2.

64
2.

69
2.

62
2.

94
3.

11
3.

23
3.

32
3.

40
3.

46
3.

51
3.

56

15
1.

75
2.

07
2.

24
2.

36
2.

44
2.

51
2.

57
2.

62
2.

67
2.

60
2.

91
3.

08
3.

20
3.

29
3.

36
3.

42
3.

47
3.

52

16
1.

75
2.

06
2.

23
2.

34
2.

43
2.

50
2.

56
2.

61
2.

65
2.

58
2.

38
3.

05
3.

17
3.

28
3.

33
3.

39
3.

44
3.

48

17
1.

74
2.

05
2.

22
2.

33
2.

42
2.

49
2.

54
2.

59
2.

64
2.

57
2.

86
3.

03
3.

14
3.

23
3.

30
3.

36
3.

41
3.

45

18
1.

73
2.

04
2.

21
2.

32
2.

41
2.

48
2.

53
2.

58
2.

62
2.

55
2.

84
3.

01
3.

12
3.

21
3.

27
3.

33
3.

38
3.

40

19
1.

73
2.

03
2.

20
2.

31
2.

40
2.

47
2.

52
2.

57
2.

61
2.

54
2.

83
2.

99
3.

10
3.

18
3.

25
3.

31
3.

36
3.

40

20
1.

72
2.

03
2.

19
2.

30
2.

30
2.

46
2.

51
2.

56
2.

60
2.

53
2.

81
2.

97
3.

08
3.

17
3.

23
3.

29
3.

34
3.

40

24
1.

71
2.

01
3.

17
2.

28
2.

36
2.

43
2.

48
2.

53
2.

57
2.

40
2.

77
2.

92
3.

03
3.

11
3.

17
3.

22
3.

27
3.

31

30
1.

70
1.

99
2.

15
2.

25
2.

33
2.

40
2.

45
2.

50
2.

54
2.

46
2.

72
2.

87
2.

97
3.

05
3.

11
3.

16
3.

21
3.

24

40
1.

68
1.

97
2.

13
2.

23
2.

31
2.

37
2.

42
2.

47
2.

51
2.

42
2.

68
2.

32
2.

92
2.

99
3.

06
3.

10
3.

14
3.

18

60
1.

67
1.

95
2.

10
2.

21
2.

28
2.

35
2.

39
2.

44
2.

48
2.

39
2.

64
2.

78
2.

87
2.

94
3.

08
3.

04
3.

06
3.

12

12
0

1.
86

1.
93

2.
08

2.
18

2.
26

2.
32

2.
37

2.
41

2.
45

2.
36

2.
60

2.
73

2.
82

2.
90

2.
94

2.
90

3.
03

3.
06

α
1.

64
1.

92
2.

06
2.

16
2.

23
2.

29
2.

34
2.

33
2.

42
2.

33
2.

56
2.

68
2.

77
2.

34
2.

90
2.

93
2.

97
3.

00



274

MSD ' d Sw (1/n1)% (1/n)

MSD ' 2.36(0.097)[3 (1/4)%(1/4)] ' 2.36(0.097)( 2/4)

Percent Reduction '
MSDu

Controlu

x 100

1.10   To quantify the sensitivity of the test, the minimum significant difference (MSD) may be calculated.  The formula is
as follows: 

Where: d = critical value for the Dunnett's Procedure 

Sw = the square root of the within mean square 

n = the number of replicates at each concentration,  assuming an equal number of replicates at all treatment
concentrations

n1 = number of replicates in the control 

For example:

         = 2.36 (0.097)(0.707) 

           = 0.162

1.11   For this set of data, the minimum difference between the control mean and a concentration mean that can be detected
as statistically significant is 0.087 mg.  This represents a decrease in growth of 24% from the control.

1.11.1   If the data have not been transformed, the MSD (and the percent decrease from the control mean that it represents)
can be reported as is. 

1.11.2   In the case where the data have been transformed, the MSD would be in transformed units.  In this case carry out
the following conversion to determine the MSD in untransformed units. 

1.11.2.1   Subtract the MSD from the transformed control mean.  Call this difference D.  Next, obtain untransformed values
for the control mean and the difference, D. 

MSDu = controlu - Du 

Where:  MSDu = the minimum significant difference for untransformed data

Controlu = the untransformed control mean 

Du = the untransformed difference

1.11.2.2   Calculate the percent reduction from the control that MSDu represents as: 
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1.11.3   An example of a conversion of the MSD to untransformed units, when the arc sine square root transformation was
used on the data, follows: 
 
    Step 1. Subtract the MSD from the transformed control mean.  As an example, assume the data in Table C.1

were transformed by the arc sine square root transformation.  Thus: 
 
                0.677 - 0.162 = 0.515
 
    Step 2. Obtain untransformed values for the control mean (0.677) and the difference (0.515) obtained in Step

1 above. 
 
               [ Sine (0.677)]2  =  0.392

                [ Sine (0.515)]2  =  0.243
 
    Step 3. The untransformed MSD (MSDu) is determined by subtracting the untransformed values obtained in

Step 2. 
 

MSDu  =  0.392 - 0.243  =  0.149 
 
In this case, the MSD would represent a 38.0% decrease in survival from the control [(0.149/0.392)(100)]. 

2.  COMPUTER CALCULATIONS

2.1   This computer program incorporates two analyses:  an analysis of variance (ANOVA), and a multiple comparison of
treatment means with the control mean (Dunnett's Procedure).  The ANOVA is used to obtain the error value.  Dunnett's
Procedure indicates which toxicant concentration means (if any) are statistically different from the control mean at the 5%
level of significance.  The program also provides the minimum difference between the control and treatment means that
could be detected as statistically significant, and tests the validity of the homogeneity of variance assumption by Bartlett's
Test.  The multiple comparison is performed based on procedures described by Dunnett (1955).
 
2.2   The source code for the Dunnett's program is structured into a series of subroutines, controlled by a driver routine. 
Each subroutine has a specific function in the Dunnett's Procedure, such as data input, transforming the data, testing for
equality of variances, computing p values, and calculating the one-way analysis of variance. 

2.3   The program compares up to seven toxicant concentrations against the control, and can accommodate up to 50
replicates per concentration.

2.4   If the number of replicates at each toxicant concentration and control are not equal, a t test with Bonferroni's
adjustment is performed instead of Dunnett's Procedure (see Appendix D).

2.5   The program was written in IBM-PC FORTRAN by Computer Sciences Corporation, 26 W. Martin Luther King
Drive, Cincinnati, OH 45268.  A compiled executable version of the program can be obtained from EMSL-Cincinnati by
sending a written request to EMSL at 3411 Church Street, Cincinnati, OH  45244.
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2.6   DATA INPUT AND OUTPUT

2.6.1   Reproduction data from a daphnid, Ceriodaphnia dubia, survival and reproduction test (Table C.6) are used to
illustrate the data input and output for this program.

TABLE C.6. SAMPLE DATA FOR DUNNETT'S PROGRAM CERIODAPHNIA DUBIA
REPRODUCTION DATA

Effluent Concentration (%)

Replicate Control 1.56 3.12 6.25 12.5

1 27 32 39 27 10 
2 30 35 30 34 13 
3 29 32 33 36 7 
4 31 26 33 34 7 
5 16 18 36 31 7 
6 15 29 33 27 10 
7 18 27 33 33 10 
8 17 16 27 31 16 
9 14 35 38 33 12 

10 27 13 44 31 2 

2.6.2   Data Input

2.6.2.1   When the program is entered, the user is asked to select the type of data to be entered: 

1. Response proportions, like survival or fertilization proportions.
2. Counts and measurements, like offspring counts, cystocarp counts or weights.

2.6.2.2   After the type of data is chosen, the user has the following options: 

1. Create a data file
2. Edit a data file
3. Perform analysis on existing data set
4. Stop

2.6.2.3   When Option 1 (Create a data file) is selected for counts and measurements, the program prompts the user for the
following information:

1. Number of concentrations, including control 
2. For each concentration: 

- number of observations 
- data for each observation 

2.6.2.4   After the data have been entered, the user may save the file on a disk, and the program returns to the menu (see
below).

2.6.2.5   Sample data input is shown in Figure C.1.
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EMSL Cincinnati Dunnett Software
Version 1.5

1) Create a data file
2) Edit a data file
3) Perform ANOVA on existing data
4) Stop

Your choice ? 1

Number of groups, including control ? 5

Number of observations for group  1 ? 10

Enter the data for group  1 one observation at a time.

NO.  1?  27

NO.  2?  30

NO.  3?  29

NO.  4?  31

NO.  5?  16

NO.  6?  15

NO.  7?  18

NO.  8?  17

NO.  9?  14

NO. 10?  27

Number of observations for group  2  ?  10

Do you wish to save the data on disk  ?y

Disk file for output  ?  cerio

                                                                        

Figure C.1. Sample Data Input for Dunnett's Program for Reproduction Data from Table C.6.
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2.6.3   Program Output

2.6.3.1   When Option 3 (Perform analysis on existing data set) is selected from the menu, the user is asked to select the
transformation desired, and indicate whether they expect the means of the test groups to be less or greater than the mean for
the control group (see Figure C.2).

2.6.3.2   Summary statistics (Figure C.3) for the raw and transformed data, if applicable, the ANOVA table, results of
Bartlett's Test, the results of the multiple comparison procedure and the minimum detectable difference are included in the
program output.
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EMSL Cincinnati Dunnett Software
Version 1.5

1) Create a data file
2) Edit a data file
3) Perform analysis on existing data set
4) Stop

Your choice  ?  3

File name  ?  cerio

Available Transformations

1) no transform
2) square root
3) log10

Your choice ? 1

Dunnett's test as implemented in this program is
a one-sided test. You must specify the direction
the test is to be run; that is, do you expect the
means for the test groups to be less than or
greater than the mean for the control group mean.

Direction for Dunnett's test : L=less than, G=greater than ? L

Figure C.2. Example of Choosing Option 3 from the Menu of the Dunnett Program.            
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Ceriodaphnia Reproduction Data from Table C.6

Summary Statistics and ANOVA

                 Transformation =      None

   Group       n            Mean            s.d.            CV%
                                                                      

1 = control   10           22.4000         6.9314           30.9
    2         10           26.3000         8.0007           30.4
    3         10           34.6000         4.8351           14.0
    4         10           31.7000         2.9458            9.3
    5*        10            9.4000         3.8930           41.4
                                                                      

*) the mean for this group is significantly less than the control 
   mean at alpha = 0.05 (1-sided) by Dunnett's test

Minimum detectable difference for Dunnett's test = -5.628560
This difference corresponds to -25.13 percent of control

Between concentrations
Sum of squares = 3887.880000 with  4 degrees of freedom.

Error mean square = 31.853333 with 45 degrees of freedom.

Bartlett's test p-value for equality of variances = .029

Do you wish to restart the program ?

Figure C.3. Example of Program Output for the Dunnett's Program Using the Reproduction Data from Table C.6. 
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APPENDIX  D

T TEST WITH BONFERRONI'S ADJUSTMENT

1.   The t test with Bonferroni's adjustment is used as an alternative to Dunnett's Procedure when the number of replicates is
not the same for all concentrations.  This test sets an upper bound of alpha on the overall error rate, in contrast to Dunnett's
Procedure, for which the overall error rate is fixed at alpha.  Thus, Dunnett's Procedure is a more powerful test.

2.   The t test with Bonferroni's adjustment is based on the same assumptions of normality and homogeneity of variance as
Dunnett's Procedure (see Appendix B for testing these assumptions), and, like Dunnett's Procedure, uses a pooled estimate
of the variance, which is equal to the error value calculated in an analysis of variance.

3.   An example of the use of the t test with Bonferroni's adjustment is provided below.  The data used in the example are
the same as in Appendix C, except that the third replicate from the 256 µg/L concentration is presumed to have been lost. 
Thus, Dunnett's Procedure cannot be used.  The weight data are presented in Table D.1.

 TABLE D.1. FATHEAD MINNOW, PIMEPHALES PROMELAS, LARVAL GROWTH DATA
(WEIGHT IN MG) USED FOR THE T-TEST WITH BONFERRONI'S ADJUSTMENT

NaPCP Concentration (µg/L)

Replicate Control 32 64 128 256 

A 0.711 0.517 0.602 0.566 0.455 
B 0.662 0.501 0.669 0.612 0.502 
C 0.646 0.723 0.694 0.410 (LOST) 
D 0.690 0.560 0.676 0.672 0.254 

Mean( ) 0.677 0.575 0.660 0.565 0.404 Ȳ

Total(Ti) 2.709 2.301 2.641 2.260 1.211 

3.1   One way to obtain an estimate of the pooled variance is to construct an ANOVA table including all sums of squares,
using the following formulas:

Where: p = number of effluent concentrations including the control

N = the total sample size; N ' '
i
ni

ni = the number of replicates for concentration i

     Total Sum of SquaresSST ' '
ij

Yij
2&G 2/N
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SSB ' '
i
Ti

2/ni&G 2/N

SST ' '
ij

Yij
2&G 2/N

SSW ' SST&SSB

     Between Sum of SquaresSSB ' '
i
Ti

2/ni&G 2/N

     Within Sum of SquaresSSW ' SST&SSB

Where:  G = The grand total of all sample observations; G ' 'P
i'1

Ti

                              
Ti = The total of the replicate measurements for concentration i 

            
         Yij = The jth observation for concentration i 

3.2   For the data in this example:

n1 = n2 = n 3 = n 4 = 4

T1 = Y11 + Y12 + Y 13 + Y 14 = 2.709
T2 = Y21 + Y22 + Y 23 + Y 24 = 2.301  
T3 = Y31 + Y32 + Y 33 + Y 34 = 2.641 
T4 = Y41 + Y42 + Y 43 + Y 44 = 2.260
T5 = Y51 + Y52 + Y 53 + Y 54 = 1.211
G = T1 + T2 + T3 + T 4 + T 5 = 11.122

         
= 6.668 - (11.122)2 /19 

= 0.158 

= 6.779 - (11.122)2/19 

= 0.269
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TABLE D.3.  COMPLETED ANOVA TABLE FOR THE T-TEST WITH BONFERRONI'S ADJUSTMENT

Source df SS Mean Square

Between 5 - 1 =  4 0.158 0.0395 

Within 19 - 5 = 14 0.111 0.0029 

Total 18 0.269

ti '
(Ȳ1& Ȳi)

Sw (1/n1)% (1/ni)

= 0.269 - 0.158 

= 0.111 

3.3   Summarize these data in the ANOVA table (Table D.2): 

          TABLE D.2.  ANOVA TABLE FOR BONFERRONI'S ADJUSTMENT

Source df Sum of Mean Square (MS)
Squares (SS) (SS/df)

 
Between p - 1 SSB SB

2 = SSB/(p-1)

Within N - p SSW SW
2 = SSW/(N-p)

Total N - 1 SST
 

3.4   Summarize these data in the ANOVA table (Table D.3):

3.5   To perform the individual comparisons, calculate the t statistic for each concentration and control combination, as
follows:

Where: = mean for each concentration Ȳi

= mean for the control Ȳ1

Sw = square root of the within mean square 
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n1 = number of replicates in the control. 

ni = number of replicates for concentration i. 

3.6  Table D.4 includes the calculated t values for each concentration and control combination.

TABLE D.4.  CALCULATED T VALUES

NaPCP 
Concentration i ti 

(µg/L) 

32 2 1.623
64 3 0.220 

128 4 1.782 
256 5 4.022 

3.7   Since the purpose of the test is only to detect a decrease in growth from the control, a one-sided test is appropriate. 
The critical value for the one-sided comparison (2.510), with an overall alpha level of 0.05, fourteen degrees of freedom
and four concentrations excluding the control, was obtained from Table D.5. The mean weight for concentration "i" is
considered significantly less than the mean weight for the control if ti is greater than the critical value.  Since t5 is greater
than 2.510, the 256 µg/L concentration has significantly lower growth than the control.  Hence the NOEC and LOEC for
growth are 128 µg/L and 256 µg/L, respectively.
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TABLE E.1. EXAMPLE OF STEEL'S MANY-ONE RANK TEST:  DATA FOR THE DAPHNID,
CERIODAPHNIA DUBIA, 7-DAY CHRONIC TEST

No.
Effluent Replicate Live

Concentration 1 2 3 4 5 6 7 8 9 10 Adults
 

Control 20 26 26 23 24 27 26 23 27 24 10
3% 13 15 14 13 23 26 0 25 26 27 9
6% 18 22 13 13 23 22 20 22 23 22 10

12% 14 22 20 23 20 23 25 24 25 21 10
25% 9 0 9 7 6 10 12 14 9 13 8
50% 0 0 0 0 0 0 0 0 0 0 0

APPENDIX  E

STEEL'S MANY-ONE RANK TEST

1.   Steel's Many-one Rank Test is a nonparametric test for comparing  treatments with a control.  This test is an alternative
to Dunnett's Procedure, and may be applied to data when the normality assumption has not been met.  Steel's Test requires
equal variances across the treatments and the control, but it is thought to be fairly insensitive to deviations from this
condition (Steel, 1959).  The tables for Steel's Test require an equal number of replicates at each concentration.  If this is not
the case, use Wilcoxon's Rank Sum Test, with Bonferroni's adjustment (see Appendix F).

2.   For an analysis using Steel's Test, for each control and concentration combination, combine the data and arrange the
observations in order of size from smallest to largest.  Assign the ranks to the ordered observations (1 to the smallest, 2 to
the next smallest, etc.).  If ties occur in the ranking, assign the average rank to the observation.  (Extensive ties would
invalidate this procedure).  The sum of the ranks within each concentration and within the control is then calculated.  To
determine if the response in a concentration is significantly different from the response in the control, the minimum rank
sum for each concentration and control combination is compared to the significant values of rank sums given later in this
section.  In this table, k equals the number of treatments excluding the control and n equals the number of replicates for
each concentration and the control.

3.   An example of the use of this test is provided below.  The test employs reproduction data from a Ceriodaphnia dubia
7-day, chronic test.  The data are listed in Table E.1.  Significant mortality was detected via Fisher's Exact Test in the 50%
effluent concentration.  The data for this concentration is not included in the reproduction analysis.

4.   For each control and concentration combination, combine the data and arrange the observations in order of size from
smallest to largest.  Assign ranks (1, 2, 3,..., 16) to the ordered observations (1 to the smallest, 2 to the next smallest, etc.). 
If ties occur in the ranking, assign the average rank to each tied observation. 

5.   An example of assigning ranks to the combined data for the control and 3% effluent concentration is given in Table E.2. 
This ranking procedure is repeated for each control and concentration combination.  The complete set of rankings is listed
in Table E.3.  The ranks are then summed for each effluent concentration, as shown in Table E.4.
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TABLE E.2. EXAMPLE OF STEEL'S MANY-ONE RANK TEST:  ASSIGNING 
RANKS TO THE CONTROL AND 3% EFFLUENT CONCENTRATION

Rank Number of Young Control or % Effluent
Produced

1 0 3
2.5 13 3
2.5 13 3
4 14 3
5 15 3
6 20 Control 
8 23 Control 
8 23 Control 
8 23 3 

10.5 24 Control 
10.5 24 Control 
12 25 3 
15 26 Control 
15 26 Control 
15 26 Control 
15 26 3 
15 26 3 
19 27 Control 
19 27 Control 
19 27 3 

 

TABLE E.3.  TABLE OF RANKS

Replicate Control1 Effluent Concentration (%)
(Organism) 3 6 12 25

1 20 (6,4.5,3,11) 13 (2.5) 18 (3) 14 (1) 9 (5)
2 26 (15,17,17,17) 15 (5) 22 (7.5) 22 (6) 0 (1)
3 26 (15,17,17,17) 14 (4) 13 (1.5) 20 (3) 9 (5)
4 23 (8,11.5,8.5,12.5) 13 (2.5) 13 (1.5) 23 (8.5) 7 (3)
5 24 (10.5,14.5,12,14.5) 23 (8) 23 (11.5) 20 (3) 6 (2)
6 27 (19,19.5,19.5,19.5) 26 (15) 22 (7.5) 23 (8.5) 10 (7)
7 26 (15,17,17,17) 0 (1) 20 (4.5) 25 (14.5) 12 (8)
8 23 (8,11.5,8.5,12.5) 25 (12) 22 (7.5) 24 (12) 14 (10)
9 27 (19,19.5,19.5,19.5) 26 (15) 23 (11.5) 25 (14.5) 9 (5)

10 24 (10.5,14.5,12,14.5) 27 (19) 22 (7.5) 21 (5) 13 (9)

1  Control ranks are given in the order of the concentration with which they were ranked.
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                         TABLE E.4.  RANK SUMS 
  ________________________________________________

Effluent Rank Sum 
Concentration 

(%) 
             ________________________________________________

3 84 
                     6 64 

12 76 
25 55 

             ________________________________________________

6.   For this set of data, determine if the reproduction in any of the effluent concentrations is significantly lower than the
reproduction by the control organisms.  If this occurs, the rank sum at that concentration would be significantly lower than
the rank sum of the control.  Thus, compare the rank sums for the reproduction of each of the various effluent
concentrations with some "minimum" or critical rank sum, at or below which the reproduction would be considered to be
significantly lower than the control.  At a probability level of 0.05, the critical rank in a test with four concentrations and ten
replicates is 76 (see Table E.5 , for R=4).

7.   Comparing the rank sums in Table E.4 to the appropriate critical rank, the 6%, 12% and 25% effluent concentrations are
found to be significantly different from the control.  Thus the NOEC and LOEC for reproduction are 3% and 6%,
respectively.
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TABLE E.5. SIGNIFICANT VALUES OF RANK SUMS: JOINT CONFIDENCE COEFFICIENTS OF
0.95 (UPPER) and 0.99 (LOWER) FOR ONE-SIDED ALTERNATIVES (Steel, 1959)

k = number of treatments (excluding control)

n 2 3 4 5 6 7 8 9
            

4 11 10 10 10 10 -- -- --
-- -- -- -- -- -- -- --

5 18 17 17 16 16 16 16 15
15 -- -- -- -- -- -- --

6 27 26 25 25 24 24 24 23
23 22 21 21 -- -- -- --

7 37 36 35 35 34 34 33 33
32 31 30 30 29 29 29 29

8 49 48 47 46 46 45 45 44
43 42 41 40 40 40 39 39

9 63 62 61 60 59 59 58 58
56 55 54 53 52 52 51 51

10 79 77 76 75 74 74 73 72
71 69 68 67 66 66 65 65

11 97 95 93 92 91 90 90 89
87 85 84 83 82 81 81 80

12 116 114 112 111 110 109 108 108
105 103 102 100 99 99 98 98

13 138 135 133 132 130 129 129 128
125 123 121 120 119 118 117 117

14 161 158 155 154 153 152 151 150
147 144 142 141 140 139 138 137

15 186 182 180 178 177 176 175 174
170 167 165 164 162 161 160 160

16 213 209 206 204 203 201 200 199
196 192 190 188 187 186 185 184

17 241 237 234 232 231 229 228 227
223 219 217 215 213 212 211 210

18 272 267 264 262 260 259 257 256
252 248 245 243 241 240 239 238

19 304 299 296 294 292 290 288 287
282 278 275 273 272 270 268 267

20 339 333 330 327 325 323 322 320
315 310 307 305 303 301 300 299
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APPENDIX  F

WILCOXON RANK SUM TEST

1.   Wilcoxon's Rank Sum Test is a nonparametric test, to be used as an alternative to Steel's Many-one Rank Test when the
number of replicates are not the same at each concentration.  A Bonferroni's adjustment of the pairwise error rate for
comparison of each concentration versus the control is used to set an upper bound of alpha on the overall error rate, in
contrast to Steel's Many-one Rank Test, for which the overall error rate is fixed at alpha.  Thus, Steel's Test is a more
powerful test.

2.   An example of the use of the Wilcoxon Rank Sum Test is provided in Table F.1.  The data used in the example are the
same as in Appendix E, except that two males are presumed to have occurred, one in the control and one in the 12%
effluent concentration.  Thus, there is unequal replication for the reproduction analysis.

3.   For each concentration and control combination, combine the data and arrange the values in order of size, from smallest
to largest.  Assign ranks to the ordered observations (a rank of 1 to the smallest, 2 to the next smallest, etc.).  If ties in rank
occur, assign the average rank to each tied observation. 

TABLE F.1. EXAMPLE OF WILCOXON'S RANK SUM TEST:  DATA FOR THE DAPHNID,
CERIODAPHNIA DUBIA, 7-DAY CHRONIC TEST

No.
Effluent Replicate Live

Concentration 1 2 3 4 5 6 7 8 9 10 Adults

Cont M 26 26 23 24 27 26 23 27 24 10
3% 13 15 14 13 23 26 0 25 26 27 9
6% 18 22 13 13 23 22 20 22 23 22 10

12% 14 22 20 23 M 23 25 24 25 21 10
25% 9 0 9 7 6 10 12 14 9 13 8
50% 0 0 0 0 0 0 0 0 0 0 0

4.   An example of assigning ranks to the combined data for the control and 3% effluent concentration is given in Table F.2. 
This ranking procedure is repeated for each of the three remaining control versus test concentration combinations.  The
complete set of ranks is listed in Table F.3.  The ranks are then summed for each effluent concentration, as shown in
Table F.4.

5.   For this set of data, determine if the reproduction in any of the effluent concentrations is significantly lower than the
reproduction by the control organisms.  If this occurs, the rank sum at that concentration would be significantly lower than
the rank sum for the control.  Thus, compare the rank sums for the reproduction of each of the various effluent
concentrations with some "minimum" or critical rank sum, at or below which the reproduction would be considered to be
significantly lower than the control.  At a probability level of 0.05, the critical rank in a test with four concentrations and
nine replicates in the control is 72 for those concentrations with ten replicates, and 60 for those concentrations with nine
replicates (see Table F.5, for K = 4).

6.   Comparing the rank sums in Table F.4 to the appropriate critical rank, the 6%, 12% and 25% effluent concentrations are
found to be significantly different from the control.  Thus, the NOEC and LOEC for reproduction are 3% and 6%,
respectively.
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TABLE F.2. EXAMPLE OF WILCOXON'S RANK SUM TEST:  ASSIGNING 
RANKS TO THE CONTROL AND EFFLUENT CONCENTRATIONS 

 
Rank Number of Young Control or % Effluent 

Produced 
 

1 0 3
2.5 13 3
2.5 13 3
4 14 3
5 15 3
7 23 Control 
7 23 Control 
7 23 3
9.5 24 Control
9.5 24 Control
11 25 3
14 26 Control
14 26 Control
14 26 Control
14 26 3
14 26 3
18 27 Control
18 27 Control
18 27 3
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TABLE F.3.  TABLE OF RANKS

Replicate Control1 Effluent Concentration (%)
(Organism) 3 6 12 25 

1 M 13 (2.5) 18 (3) 14 (1) 9 (5)
2 26 (14,16,15,16) 15 (5) 22 (6.5) 22 (4) 0 (1)
3 26 (14,16,15,16) 14 (4) 13 (1.5) 20 (2) 9 (5)
4 23 (7,10.5,6.5,11.5) 13 (2.5) 13 (1.5) 23 (6.5) 7 (3)
5 24 (9.5,13.5,10,13.5) 23 (7) 23 (10.5) M 6 (2)
6 27 (18,18.5,17.5,18.5) 26 (14) 22 (6.5) 23 (6.5) 10 (7)
7 26 (14,16,15,16) 0 (1) 20 (4) 25 (12.5) 12 (8)
8 23 (7,10.5,6.5,11.5) 25 (11) 22 (6.5) 24 (10) 14 (10)
9 27 (18,18.5,17.5,18.5) 26 (14) 23 (10.5) 25 (12.5) 9 (5)

10 24 (9.5,13.5,10,13.5) 27 (18) 22 (6.5) 21 (3) 13 (9)

1  Control ranks are given in the order of the concentration with which they were ranked.

TABLE F.4.  RANK SUMS 

Effluent Rank Sum No. of Critical 
Concentration Replicates Rank Sum 

3 79 10 72 
6 57 10 72 

12 58 9 60 
25 55 10 72 
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TABLE F.5. CRITICAL VALUES FOR WILCOXON'S RANK SUM TEST WITH BONFERRONI'S
ADJUSTMENT OF ERROR RATE FOR COMPARISON OF "K" TREATMENTS VERSUS
A CONTROL FIVE PERCENT CRITICAL LEVEL (ONE-SIDED ALTERNATIVE:
TREATMENT CONTROL)

 
K No. Replicates No. of Replicates Per Effluent Concentration

in Control 
3 4 5 6 7 8 9 10 

 
1 3 6 10 16 23 30 39 49 59

4 6 11 17 24 32 41 51 62
5 7 12 19 26 34 44 54 66
6 8 13 20 28 36 46 57 69
7 8 14 21 29 39 49 60 72
8 9 15 23 31 41 51 63 72
9 10 16 24 33 43 54 66 79

10 10 17 26 35 45 56 69 82

 
2 3 -- -- 15 22 29 38 47 58

4 -- 10 16 23 31 40 49 60
5 6 11 17 24 33 42 52 63
6 7 12 18 26 34 44 55 66
7 7 13 20 27 36 46 57 69
8 8 14 21 29 38 49 60 72
9 8 14 22 31 40 51 62 75

10 9 15 23 32 42 53 65 78

 
3 3 -- -- -- 21 29 37 46 57

4 -- 10 16 22 30 39 48 59
5 -- 11 17 24 32 41 51 62
6 6 11 18 25 33 43 53 65
7 7 12 19 26 35 45 56 68
8 7 13 20 28 37 47 58 70
9 7 13 21 29 39 49 61 73

10 8 14 22 31 41 51 63 76
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TABLE F.5. CRITICAL VALUES FOR WILCOXON'S RANK SUM TEST WITH
BONFERRONI'S ADJUSTMENT OF ERROR RATE FOR COMPARISON OF "K"
TREATMENTS VERSUS A CONTROL FIVE PERCENT CRITICAL LEVEL
(ONE-SIDED ALTERNATIVE:  TREATMENT CONTROL) (CONTINUED)

K No. Replicates No. of Replicates Per Effluent Concentration
in Control 

3 4 5 6 7 8 9 10

4 3 -- -- -- 21 28 37 46 56
4 -- -- 15 22 30 38 48 59
5 -- 10 16 23 31 40 50 61
6 6 11 17 24 33 42 52 64
7 6 12 18 26 34 44 55 67
8 7 12 19 27 36 46 57 69
9 7 13 20 28 38 48 60 72

10 7 14 21 30 40 50 62 75

5 3 -- -- -- -- 28 36 46 56
4 -- -- 15 22 29 38 48 58
5 -- 10 16 23 31 40 50 61
6 -- 11 17 24 32 42 52 63
7 6 11 18 25 34 43 54 66
8 6 12 19 27 35 45 56 68
9 7 13 20 28 37 47 59 71

10 7 13 21 29 39 49 61 74

6 3 -- -- -- -- 28 36 45 56
4 -- -- 15 21 29 38 47 58
5 -- 10 16 22 30 39 49 60
6 -- 11 16 24 32 41 51 63
7 6 11 17 25 33 43 54 65
8 6 12 18 26 35 45 56 68
9 6 12 19 27 37 47 58 70

10 7 13 20 29 38 49 60 73

7 3 -- -- -- -- -- 36 45 56
4 -- -- -- 21 29 37 47 58
5 -- -- 15 22 30 39 49 60
6 -- 10 16 23 32 41 51 62
7 -- 11 17 25 33 43 53 65
8 6 11 18 26 35 44 55 67
9 6 12 19 27 36 46 58 70

10 7 13 20 28 38 48 60 72
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TABLE F.5. CRITICAL VALUES FOR WILCOXON'S RANK SUM TEST WITH
BONFERRONI'S ADJUSTMENT OF ERROR RATE FOR COMPARISON OF
"K" TREATMENTS VERSUS A CONTROL FIVE PERCENT CRITICAL
LEVEL (ONE-SIDED ALTERNATIVE:  TREATMENT CONTROL)
(CONTINUED)

K No. Replicates No. of Replicate Per Effluent Concentration
in Control 

3 4 5 6 7 8 9 10 

8 3 -- -- -- -- -- 36 45 55 
4 -- -- -- 21 29 37 47 57 
5 -- -- 15 22 30 39 49 59 
6 -- 10 16 23 31 40 51 62 
7 -- 11 17 24 33 42 53 64 
8 6 11 18 25 34 44 55 67 
9 6 12 19 27 36 46 57 69 

10 6 12 19 28 37 48 59 72 

 
9 3 -- -- -- -- -- -- 45 55 

4 -- -- -- 21 28 37 46 57 
5 -- -- 15 22 30 39 48 59 
6 -- 10 16 23 31 40 50 62 
7 -- 10 17 24 33 42 52 64 
8 -- 11 18 25 34 44 55 66 
9 6 11 18 26 35 46 57 69 

10 6 12 19 28 37 47 59 71 

 
10 3 -- -- -- -- -- -- 45 55 

4 -- -- -- 21 28 37 46 57 
5 -- -- 15 22 29 38 48 59 
6 -- 10 16 23 31 40 50 61 
7 -- 10 16 24 32 42 52 64 
8 -- 11 17 25 34 43 54 66 
9 6 11 18 26 35 45 56 68 

10 6 12 19 27 37 47 58 71 
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APPENDIX  G

FISHER'S EXACT TEST

1.   Fisher's Exact Test (Finney, 1948; Pearson and Hartley, 1962) is a statistical method based on the
hypergeometric probability distribution that can be used to test if the proportion of successes is the same in two
Bernoulli (binomial) populations.  When used with the Ceriodaphnia dubia data, it provides a conservative test of
the equality of any two survival proportions assuming only the independence of responses from a Bernoulli
population.  Additionally, since it is a conservative test, a pair-wise comparison error rate of 0.05 is suggested rather
that an experiment-wise error rate.

2.   The basis for Fisher's Exact Test is a 2×2 contingency table.  However, in order to use this table the contingency
table must be arranged in the format shown in Table G.1.  From the 2×2 table, set up for the control and the
concentration you wish to compare, you can determine statistical significance by looking up a value in the table
provided later in this section. 

TABLE G.1.  FORMAT FOR CONTINGENCY TABLE

Number of
Number of

Successes Failures Observations

Row 1 a A - a A 

Row 2 b B - b B 

Total a + b [(A + B) - a - b] A + B 

3.   Arrange the table so that the total number of observations for row one is greater than or equal to the total for row
two (A $ B).  Categorize a success such that the proportion of successes for row one is greater than or equal to the
proportion of successes for row two (a/A $ b/B).  For the Ceriodaphnia dubia survival data, a success may be 'alive'
or 'dead', whichever causes a/A $ b/B.  The test is then conducted by looking up a value in the table of significance
levels of b and comparing it to the b value given in the contingency table.  The table of significance levels of b is
Table G.5.  Enter Table G.5 in the section for A, subsection for B, and the line for a.  If the b value of the
contingency table is equal to or less than the integer in the column headed 0.05 in Table G.5, then the survival
proportion for the effluent concentration is significantly different from the survival proportion for the control.  A
dash or absence of entry in Table G.5 indicates that no contingency table in that class is significant. 

4.   To illustrate Fisher's Exact Test, a set of survival data (Table G.2) from the daphnid, Ceriodaphnia dubia,
survival and reproduction test will be used. 

5.   For each control and effluent concentration construct a 2x2 contingency table.

6.   For the control and effluent concentration of 1% the appropriate contingency table for the test is given in
Table G.3.
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TABLE G.2. EXAMPLE OF FISHER'S EXACT TEST: CERIODAPHNIA DUBIA MORTALITY DATA 

Effluent
Concentration (%) No. Dead Total1

Control 1 9
 

1 0 10
 

3 0 10
 

6 0 10
 

12 0 10
 

25 10 10

1  Total number of live adults at the beginning of the test. 

 7.   Since 10/10 > 8/9, the category 'alive' is regarded as a success.  For A = 10, B = 9 and, a = 10, under the column
headed 0.05, the value from Table G.5 is b = 5.  Since the value of b (b = 8) from the contingency table (Table G.3),
is greater than the value of b (b = 5) from Table G.5, the test concludes that the proportion of survival is not
significantly different for the control and 1% effluent.

8.   The contingency tables for the combinations of control and effluent concentrations of 3%, 6%, 12% are identical
to Table G.3.  The conclusion of no significant difference in the proportion of survival for the control and the level
of effluent would also remain the same.

9.   For the combination of control and 25% effluent, the contingency table would be constructed as Table G.4.  The
category 'dead' is regarded as a success, since 10/10 > 1/9.  The b value (b = 1) from the contingency table
(Table G.4) is less than the b value (b = 5) from the table of significance levels of b (Table G.5).  Thus, the percent
mortality for 25% effluent is significantly greater than the percent mortality for the control.  Thus, the NOEC and
LOEC for survival are 12% and 25%, respectively.

TABLE G.3.  2×2 CONTINGENCY TABLE FOR CONTROL AND 1% EFFLUENT

Number of
Number of 

Alive Dead Observations 
  

1% Effluent 10 0 10

Control 8 1 9

Total 18 1 19
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Table G.4.  2x2 CONTINGENCY TABLE FOR CONTROL AND 25% EFFLUENT 

Number of
Number of

Dead Alive Observations
    

25% Effluent 10 0 10 

Control 1 8 9 

Total 11 8 19 



300

         TABLE G.5. SIGNIFICANT LEVELS OF B: VALUES OF B (LARGE TYPE) AND
CORRESPONDING PROBABILITIES (SMALL TYPE)1 

α α0-05 0-025 0-01 0-005 0-05 0-025 0-01 0-005
A=8 8  4 -038  3 -013  2 -003  2 -003

A=3 B=3 3 0 -050     —— 7  2 -020  2 -020  1 -005
+  0 -001

 6  1 -020  1 -020  0 -003  0 -003

5  0 -013  0 -013     
A=4 B=4 4  1 -014  1 -014   ——   —— 4  0 -038       
      3 4  0 -029   ——   ——   ——       7 8  3 -026  2 -007  2 -007  1 -001

7  2 -035
-  1 -009  1 -009  0 -001

A=5 B=5 5  1 -024  1 -024  0 -004  0 -004 6  1 -032  0 -006  0 -006   
      4  0 -024  1 -024   ——   —— 5  0 -019  0 -019     
      4 5  1 -048  0 -008  0 -008   ——       6 8  2 -015

-  2 -015
-  1 -003  1 -003

      4  0 -040   ——   ——   —— 7  1 -016  1 -016  0 -002  0 -002

      3 5  0 -018  0 -018   ——   —— 6  0 -009  0 -009  0 -009   
      2 5  0 -048   ——   ——   —— 5  0 -028   ——   ——   

      5 8  2 -035
-  1 -007  1 -007  0 -001

7  1 -032  0 -005
-  0 -005

-  0 -005
-

A=6 B=6 6  2 -030  1 -008  1 -008  0 -001 6  0 -016  0 -016   ——   
5  1 -040  0 -008  0 -008   —— 5  0 -044   ——   ——   

      4  0 -030   ——   ——   ——       4 8  1 -018  1 -018  0 -002  0 -002

      5 6  1 -015
+  0 -015

+  0 -002  0 -002 7  0 -010
+  0 -010

+   ——  
5  0 -013  0 -013   ——   —— 6  0 -030   ——   ——  
4  0 -045

+   ——   ——   ——       3 8  0 -006  0 -006  0 -006  
      4 6  1 -033  0 -005

-  0 -005
-  0 -005

- 7  0 -024  0 -024   ——  
 5  0 -024  0 -024   ——   ——       2 8  0 -022  0 -022   ——  
      3 6  0 -012  0 -012   ——   —— A=9 9  5 -041  4 -015

-  3 -005
-  3 -005

-

5  0 -048   ——   ——   —— 8  3 -025
-  3 -025

-  2 -008  1 -002

      2 6  0 -036   ——   ——   —— 7  2 -028  1 -008  1 -008  0 -001

6  1 -025
-  1 -025

-  0 -005
-  0 -005

-

A=7 B=7 7  3 -035
-  2 -010

+  1 -002  1 -002 5  0 -015
-  0 -015

-   ——  
6  1 -015

-  1 -015
-  0 -002  0 -002 4  0 -041   ——   ——  

5  1 -010
+  0 -010

+   ——   ——       8 9  4 -029  3 -009  3 -009  2 -002

4  0 -035-   ——   ——   —— 8  3 -043  2 -013  1 -003  1 -003

      6 7  2 -021  2 -021  1 -005
-  1 -005

- 7  2 -044  1 -012  0 -002  0 -002

6  1 -025
+  0 -004  0 -004  0 -004 6  1 -036  0 -007  0 -007  

5  0 -016  0 -016   ——   —— 5  0 -020  0 -020   ——  
4  0 -049   ——   ——   ——       7 9  3 -019  3 -019  2 -005  2 -005

-

      5 7  2 -045
+  1 -010

+  0 -001  0 -001 8  2 -024  2 -024  1 -006  0 -001

6  1 -045
+  0 -008  0 -008   —— 7  1 -020  1 -020  0 -003  0 -003

5  0 -027   ——   ——   —— 6  0 -010
+  0 -010

+   ——  
      7  1 -024  1 -024   ——  0 -003 5  0 -029   ——   ——  

6  0 -015
+  0 -015

+  0 -003   ——       6 9  3 -044  2 -011  1 -002  1 -002

5  0 -045
+   ——   ——   —— 8  2 -047  1 -011  0 -001  0 -001

7  0 -008  0 -008  0 -008   —— 7  1 -035
-  0 -006  0 -006  

6  0 -033   ——   ——   —— 6  0 -017  0 -017   ——  
7  0 -028   ——   ——   —— 5  0 -042   ——   ——  

1 The table shows:(1) In bold type, for given a, A and B, the value of b ([a) which is just significant at the probability level
quoted (one-tailed test); and (2) In small type, for given A, B and r = a + b, the exact probability (if there is independence) that
b is equal to or less than the integer shown in bold type.  From Pearson and Hartley (1962). 



301

TABLE G.5. SIGNIFICANT LEVELS OF B: VALUES OF B (LARGE TYPE) AND CORRESPONDING
PROBABILITIES (SMALL TYPE)1 (CONTINUED) 

α
Probability

α
Probability

0-05 0-025 0-01 0-005 0-05 0-025 0-01 0-005

A=9 B=5 9  2 -027  1 -005
-  1 -005

-  1 -005
- A=10 B=4 10  1 -011  1 -011  0 -001  0 -001

8  1 -023  1 -023  0 -003  0 -003 9  1 -041  0 -005
-  0 -005

-  0 -005
-

7  0 -  0 -010
+   ——   —— 8  0 -  0 -015

-   ——   ——
6  0 -028   ——   ——   —— 7  0 -   ——   ——   ——

      4 9  1 -014  1 -014  0 -001  0 -001        3 10  1 -038  0 -003  0 -003  0 -003

8  0 -007  0 -007  0 -007   —— 9  0 -014  0 -014   ——   ——
7  0 -021  0 -021   ——   —— 8  0 -   ——   ——   ——
6  0 -049   ——  0 -005   ——        2 10  0 -  0 -015

+   ——   ——
      3 9  1 -  0 -005

-  0 -005
-  0 -005

- 9  0 -   ——   ——   ——
8  0 -018  0 -018   ——   ——
7  0 -   ——   ——   ——

      2 9  0 -018  0 -018   ——   —— A=11 B=11 11  7 -  6 -018  5 -006  4 -002

10  5 -032  4 -012  3 -004  3 -004

9  4 -040  3 -015
-  2 -004  2 -004

A=10 B=10 10  6 -043  5 -016  4 -005
+  3 -002 8  3 -043  2 -015

-  1 -004  1 -004

9  4 -029  3 -010
-  3 -010  2 -003 7  2 -040  1 -012  0 -002  0 -002

8  3 -  2 -012  1 -003  1 -003 6  1 -032  0 -006  0 -006   ——
7  2 -  1 -010

-  1 -010
-  0 -002 5  0 -018  0 -018   ——   ——

6  1 -029  0 -005
+  0 -005

+   —— 4  0 -   ——   ——   ——
5  0 -016  0 -016   ——   ——        10 11  6 -  5 -012  4 -004  4 -004

4  0 -043   ——   ——   —— 10  4 -021  4 -021  3 -007  2 -002

        9 10  5 -033  4 -011  3 -003  3 -003 9  3 -024  3 -024  2 -007  1 -002

9  4 -  3 -017  2 -005
-  2 -005

- 8  2 -023  2 -023  1 -006  0 -001

8  2 -019  2 -019  1 -004  1 -004 7  1 -017  1 -017  0 -003  0 -003

7  1 -  1 -015
-  0 -002  0 -002 6  1 -043  0 -009  0 -009   ——

6  1 -040  0 -008  0 -008   —— 5  0 -023  0 -023   ——   ——
5  0 -022  0 -022   ——   ——         9 11  5 -026  4 -008  4 -008  3 -002

        8 10  4 -023  4 -023  3 -007  2 -002 10  4 -038  3 -012  2 -003  2 -003

9  3 -032  2 -009  2 -009  1 -002 9  3 -040  2 -012  1 -003  1 -003

8  2 -031  1 -008  1 -008  0 -001 8  2 -  1 -009  1 -009  0 -001

7  1 -023  1 -023  0 -004  0 -004 7  1 -  1 -025
-  0 -004  0 -004

6  0 -011  0 -011   ——   —— 6  0 -012  0 -012   ——   ——
5  0 -029   ——   ——   —— 5  0 -030   ——   ——   ——

        7 10  3 -  3 -015
-  2 -003  2 -003         8 11  4 -018  4 -018  3 -005

-  3 -005
-

9  2 -018  2 -018  1 -004  1 -004 10  3 -024  3 -024  2 -006  1 -001

8  1 -013  1 -013  0 -002  0 -002 9  2 -022  2 -022  1 -005
-  1 -005

-

7  1 -036  0 -006  0 -006   —— 8  1 -  1 -015
-  0 -002  0 -002

6  0 -017  0 -017   ——   —— 7  1 -037  0 -007  0 -007   ——
5  0 -041   ——   ——   —— 6  0 -017  0 -017   ——   ——

        6 10  3 -036  2 -008  2 -008  1 -001 5  0 -040   ——   ——   ——
9  2 -036  1 -008  1 -008  0 -001         7 11  4 -043  3 -011  2 -002  2 -002

8  1 -024  1 -024  0 -003  0 -003 10  3 -047  2 -013  1 002  1 -002

7  0 -  0 -010
+   ——   —— 9  2 -039  1 -009  1 -009  0 -001

6  0 -026   ——   ——   —— 8  1 -  1 -025
-  0 -004  0 -004

        5 10  2 -022  2 -022  1 -004  1 -004 7  0 -  0 -010
+   ——   ——

9  1 -017  1 -017  0 -002  0 -002 6  0 -  0 -025
-   ——   ——

8  1 -  0 -007  0 -007   ——         6 11  3 -  2 006  2 -006  1 -001

7  0 -  0 -019   ——   —— 10  2 -  1 -005
+  1 -005

+  0 -001

6  0 -   ——   ——   —— 9  1 -  1 -018  0 -002  0 -002
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TABLE G.5. SIGNIFICANT LEVELS OF B: VALUES OF B (LARGE TYPE) AND CORRESPONDING
PROBABILITIES (SMALL TYPE)1 (CONTINUED) 

 α Probability α Probability

0-05 0-025 0-01 0-005 0-05 0-025 0-01 0-005

A=11 B=6 8  1 -043  0 -007  0 -007   —— A=12 B=9 7  1 -037  0 -007  0 -007   ——

7  0 -017  0 -017   ——   —— 6  0 -017  0 -017   ——   ——

6  0 -037   ——   ——   —— 5  0 -039   ——   ——   ——

       5 11  2 -018  2 -018  1 -003  1 -003         8 12  5 -049  4 -014  3 -004  3 -004

10  1 -013  1 -013  0 -001  0 -001 11  3 -018  3 -018  2 -004  2 -004

9  1 -036  0 -005
-  0 -005

-  0 -005
- 10  2 -015

+  2 -015
+  1 -003  1 -003

8  0 -013  0 -013   ——   —— 9  2 -040  1 -010
-  1 -010

-  0 -001

7  0 -029   ——   ——   —— 8  1 -025
-  1 -025

-  0 -004  0 -004

       4 11  1 -009  1 -009  1 -009  0 -001 7  0 -010
+  0 -010

+   ——   ——

10  1 -033  0 -004  0 -004  0 -004 6  0 -024  0 -024   ——   ——

9  0 -011  0 -011   ——   ——         7 12  4 -036  3 -009  3 -009  2 -002

8  0 -026   ——   ——   —— 11  3 -038  2 -010
-  2 -010

-  1 -002

       3 11  1 -033  0 -003  0 -003  0 -003 10  2 -029  1 -006  1 -006  0 -001

10  0 -011  0 -011   ——   —— 9  1 -017  1 -017  0 -002  0 -002

9  0 -027   ——   ——   —— 8  1 -040  0 -007  0 -007   ——

       2 11  0 -013  0 -013   ——   —— 7  0 -016  0 -016   ——   ——

10  0 -038   ——   ——   —— 6  0 -034   ——   ——   ——

        6 12  3 -025
-  3 -025

-  2 -005
-  2 -005

-

11  2 -022  2 -022  1 -004  1 -004

A=12 B=12 12  8 -047  7 -019  6 -007  5 -002 10  1 -013  1 -013  0 -002  0 -002

11  6 -034  5 -014  4 -005
-  4 -005

- 9  1 -032  0 -005
-  0 -005

-  0 -005
-

10  5 -045
-  4 -018  3 -006  2 -002 8  0 -011  0 -011   ——   ——

9  4 -050
-  3 -020  2 -006  1 -001 7  0 -025

-  0 -025
-   ——   ——

8  3 -050
-  2 -018  1 -005

-  1 -005
- 6  0 -050

-   ——   ——   ——

7  2 -045
-  1 -014  0 -002  0 -002         5 12  2 -015

-  2 -015  1 -002  1 -002

6  1 -034  0 -007  0 -007   —— 11  1 -010
-  1 -010

-  1 -010
-  0 -001

5  0 -019  0 -019   ——   —— 10  1 -028  0 -003  0 -003  0 -003

4  0 -047   ——   ——   —— 9  0 -009  0 -009  0 -009   ——

       11 12  7 -037  6 -014  5 -005
-  5 -005

- 8  0 -020  0 -020   ——   ——

11  5 -024  5 -024  4 -008  3 -002 7  0 -041   ——   ——   ——

10  4 -029  3 -010
+  2 -003  2 -003         4 12  2 -050  1 -007  1 -007  0 -001

9  3 -030  2 -009  2 -009  1 -002 11  1 -027  0 -003  0 -003  0 -003

8  2 -026  1 -007  1 -007  0 -001 10  0 -008  0 -008  0 -008   ——

7  1 -019  1 -019  0 -003  0 -003 9  0 -019  0 -019   ——   ——

6  1 -045
-  0 -009  0 -009   —— 8  0 -038   ——   ——   ——

5  0 -024  0 -024   ——   ——         3 12  1 -029  0 -002  0 -002  0 -002

      10 12  6 -029  5 -010  5 -010
-  4 -003 11  0 -009  0 -009  0 -009   ——

11  5 -043  4 -015
+  3 -005

-  3 -005
- 10  0 -022  0 -022   ——   ——

10  4 -048  3 -017  2 -005
-  2 -005

- 9  0 -044   ——   ——   ——

9  3 -046  2 -015
-  1 -004  1 -004         2 12  0 -011  0 -011   ——   ——

8  2 -038  1 -010
+  0 -002  0 -002 11  0 -033   ——   ——   ——

7  1 -026  0 -005
-  0 -005

-  0 -005-

6  0 -012  0 -012   ——   ——

5  0 -030   ——   ——   —— A=13 B=13 13  9 -048  8 -020  7 -007  6 -003

       9 12  5 -021  5 -021  4 -006  3 -002 12  7 -037  6 -015
+  5 -006  4 -002

11  4 -029  3 -009  3 -009  2 -002 11  6 -048  5 -021  4 -008  3 -002

10  3 -029  2 -008  2 -008  1 -002 10  4 -024  4 -024  3 -008  2 -002

9  2 -024  2 -024  1 -006  0 -001 9  3 -024  3 -024  2 -008  1 -002

8  1 -016  1 -016  0 -002  0 -002 8  2 -021  2 -021  1 -006  0 -001
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TABLE G.5. SIGNIFICANT LEVELS OF B: VALUES OF B (LARGE TYPE) AND CORRESPONDING
PROBABILITIES (SMALL TYPE)1   (CONTINUED) 

α
Probability

α
Probability

0-05 0-025 0-01 0-005 0-05 0-025 0-01 0-005

A=13 B=13 7 2 -048 1 -015+  0 -003  0 -003 A=13 B=7 11  2 -022  2 -022  1 -004  1 -004

6 1 -037 0 -007  0 -007   —— 10  1 -012  1 -012  0 -002  0 -002

5 0 -020 0 -020   ——   —— 9  1 -029  0 -004  0 -004  0 -004

4 0 -048    ——   —— 8  0 -010+  0 -010+   ——   ——
       12 1 8 -039 7 -015-  6 -005+  5 -002 7  0 -022  0 -022   ——   ——

1 6 -027 5 -010-  5 -010-  4 -003 6  0 -044   ——   ——   ——
1 5 -033 4 -013  3 -004  3 -004         6 13  3 -021  3 -021  2 -004  2 -004

1 4 -036 3 -013  2 -004  2 -004 12  2 -017  2 -017  1 -003  1 -003

9 3 -034 2 -011  1 -003  1 -003 11  2 -046  1 -010-  1 -010-  0 -001

8 2 -029 1 -008  1 -008  0 -001 10  1 -024  1 -024  0 -003  0 -003

7 1 -020 1 -020  0 -004  0 -004 9  1 -050-  0 -008  0 -008   ——
6 1 -046 0 -010-  0 -010-   —— 8  0 -017  0 -017   ——   ——
5 0 -024 0 -024   ——   —— 7  0 -034   ——   ——   ——

       11 1 7 -031 6 -011  5 -003  5 -003         5 13  2 -012  2 -012  1 -002  1 -002

1 6 -048 5 -018  4 -006  3 -002 12  2 -044  1 -008  1 -008  0 -001

1 4 -021 4 -021  3 -007  2 -002 11  1 -022  1 -022  0 -002  0 -002

1 3 -021 3 -021  2 -006  1 -001 10  1 -047  0 -007  0 -007   ——
9 3 -050- 2 -017  1 -004  1 -004 9  0 -015-  0 -015-   ——   ——
8 2 -040 1 -011  0 -002  0 -002 8  0 -029   ——   ——   ——
7 1 -027 0 -005-  0 -005-  0 -005-         4 13  2 -044  1 -006  1 -006  0 -000

6 0 -013 0 -013   ——   —— 12  1 -022  1 -022  0 -002  0 -002

0 -030    ——   —— 11  0 -006  0 -006  0 -006   ——
       10 1 6 -024 6 -024  5 -007  4 -002 10  0 -015-  0 -015-   ——   ——

1 5 -035- 4 -012  3 -003  3 -003 9  0 -029   ——   ——   ——
1 4 -037 3 -012  2 -003  2 -003         3 13  1 -025  1 -025  0 -002  0 -002

1 3 -033 2 -010+  1 -002  1 -002 12  0 -007  0 -007  0 -007   ——
9 2 -026 1 -006  1 -006  0 -001 11  0 -018  0 -018   ——   ——
8 1 -017 1 -017  0 -003  0 -003 10  0 -036   ——   ——   ——
7 1 -038 0 -007  0 -007   ——         2 13  0 -010-  0 -010-  0 -010-   ——
6 0 -017 0 -017   ——   —— 12  0 -029   ——   ——   ——

        5 0 -038    ——   ——
        9 1 5 -017 5 -017  4 -005-  4 -005-

1 4 -023 4 -023  3 -007  2 -001 A=14 14  10 -049  9 -020  8 -008  7 -003

1 3 -022 3 -022  2 -006  1 -001 13  8 -038  7 -016  6 -006  5 -002

1 2 -017 2 -017  1 -004  1 -004 12  6 -023  6 -023  5 -009  4 -003

9 2 -040 1 -010+  0 -001  0 -001 11  5 -027  4 -011  3 -004  3 -004

8 1 -025- 1 -025-  0 -004  0 -004 10  4 -028  3 -011  2 -003  2 -003

7 0'-010+ 0 -010+   ——   —— 9  3 -027  2 -009  2 -009  1 -002

6 0 -023 0 -023   ——   —— 8  2 -023  2 -023  1 -006  0 -001

5 0 -049    ——   —— 7  1 -016  1 -016  0 -003  0 -003

        8 1 5 -042 4 -012  3 -003  3 -003 6  1 -038  0 -008  0 -008   ——
1 4 -047 3 -014  2 -003  2 -003 5  0 -020  0 -020   ——   ——
1 3 -041 2 -011  1 -002  1 -002 4  0 -049   ——   ——   ——
1 2 -029 1 -007  1 -007  0 -001        13 14  9 -041  8 -016  7 -006  6 -002

9 1 -017 1 -017  0 -002  0 -002 13  7 -029  6 -011  5 -004  5 -004

8 1 -037 0 -006  0 -006   —— 12  6 -037  5 -015+  4 -005+  3 -002

7 0 -015- 0 -015-   ——   —— 11  5 -041  4 -017  3 -006  2 -001

6 0 -032    ——   —— 10  4 -041  3 -016  2 -005-  2 -005-

        7 1 4 -031 3 -007  3 -007  2 -001 9  3 -038  2 -013  1 -003  1 -003

1 3 -031 2 -007  2 -007  1 -001 8  2 -031  1 -009  1 -009  0 -001
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  TABLE G.5. SIGNIFICANT LEVELS OF B: VALUES OF B (LARGE TYPE) AND CORRESPONDING
PROBABILITIES (SMALL TYPE)1  (CONTINUED) 

α
Probability

α
Probability

0-05 0-025 0-01 0-005 0-05 0-025 0-01 0-005

A=14 7  1 -021  1 -021  0 -004  0 -004 A=14 B=7 14  4 -026  3 -006  3 -006  2 -001

6  1 -048  0 -010+   ——   —— 13  3 -025  2 -006  2 -006  1 -001

5  0 -025-  0 -025-   ——   —— 12  2 -017  2 -017  1 -003  1 -003

       12 1  8 -033  7 -012  6 -004  6 -004 11  2 -041  1 -009  1 -009  0 -001

1  6 -021  6 -021  5 -007  4 -002 10  1 -021  1 -021  0 -003  0 -003

1  5 -025+  4 -009  4 -009  3 -003 9  1 -043  0 -007  0 -007   ——
1  4 -026  3 -009  3 -009  2 -002 8  0 -015-  0 -015-   ——   ——
1  3 -024  3 -024  2 -007  1 -002 7  0 -030   ——   ——   ——
9  2 -019  2 -019  1 -005-  1 -005-         6 14  3 -018  3 -018  2 -003  2 -003

8  2 -042  1 -012  0 -002  0 -002 13  2 -014  2 -014  1 -002  1 -002

7  1 -028  0 -005+  0 -005+   —— 12  2 -037  1 -007  1 -007  0 -001

6  0 -013  0 -013   ——   —— 11  1 -018  1 -018  0 -002  0 -002

5  0 -030   ——   ——   —— 10  1 -038  0 -005+  0 -005+   ——
       11 1  7 -026  6 -009  6 -009  5 -003 9  0 -012  0 -012   ——   ——

1  6 -039  5 -014  4 -004  4 -004 8  0 -024  0 -024   ——   ——
1  5 -043  4 -016  3 -005-  3 -005- 7  0 -044   ——   ——   ——
1  4 -042  3 -015-  2 -004  2 -004         5 14  2 -010+  2 -010+  1 -001  1 -001

1  3 -036  2 -011  1 -003  1 -003 13  2 -037  1 -006  1 -006  0 -001

9  2 -027  1 -007  1 -007  0 -001 12  1 -017  1 -017  0 -002  0 -002

8  1 -017  1 -017  0 -003  0 -003 11  1 -038  0 -005-  0 -005-  0 -005-

7  1 -038  0 -007  0 -007   —— 10  0 -011  0 -011   ——   ——
6  0 -017  0 -017   ——   —— 9  0 -022  0 -022   ——   ——
5  0 -038   ——   ——   —— 8  0 -040   ——   ——   ——

       10 1  6 -020  6 -020  5 -006  4 -002         4 14  2 -039  1 -005-  1 -005-  1 -005-

1  5 -028  4 -009  4 -009  3 -002 13  1 -019  1 -019  0 -002  0 -002

1  4 -028  3 -009  3 -009  2 -002 12  1 -044  0 -005-  0 -005-  0 -005-

1  3 -024  3 -024  2 -007  1 -001 11  0 -011  0 -011   ——   ——
1  2 -018  2 -018  1 -004  1 -004 10  0 -023  0 -023   ——   ——
9  2 -040  1 -011  0 -002  0 -002 9  0 -041   ——   ——   ——
8  1 -024  1 -024  0 -004  0 -004         3 14  1 -022  1 -022  0 -001  0 -001

7  0 -010-  0 -010-  0 -010-   —— 13  0 -006  0 -006  0 -006   ——
6  0 -022  0 -022   ——   —— 12  0 -015-  0 -015-   ——   ——
5  0 -047   ——   ——   —— 11  0 -029   ——   ——   ——

        9 1  6 -047  5 -014  4 -004  4 -004         2 14  0 -008  0 -008  0 -008   ——
1  4 -018  4 -018  3 -005-  3 -005- 13  0 -025  0 -025   ——   ——
1  3 -017  3 -017  2 -004  2 -004 12  0 -050   ——   ——   ——
1  3 -042  2 -012  1 -002  1 -002

1  2 -029  1 -007  1 -007  0 -001

9  1 -017  1 -017  0 -002  0 -002

8  1 -036  0 -006  0 -006   —— A=15 B=15 15  11 -050-  10 -021  9 -008  8 -003

7  0 -014  0 -014   ——   —— 14   9 -040   8 -018  7 -007  6 -003

6  0 -030   ——   ——   —— 13   7 -025+   6 -010+  5 -004  5 -004

        8 1  5 -036  4 -010-  4 -010-  3 -002 12   6 -030   5 -013  4 -005-  4 -005-

1  4 -039  3 -011  2 -002  2 -002 11   5 -033   4 -013  3 -005-  3 -005-

1  3 -032  2 -008  2 -008  1 -001 10   4 -033   3 -013  2 -004  2 -004

1  2 -022  2 -022  1 -005-  1 -005- 9   3 -030   2 -010+  1 -003  1 -003

1  2 -048  1 -012  0 -002  0 -002 8   2 -025+   1 -007  1 -007  0 -001

9  1 -026  0 -004  0 -004  0 -004 7   1 -018   1 -018  0 -003  0 -003

8  0 -009  0 -009  0 -009   —— 6   1 -040   0 -008  0 -008   ——
7  0 -020  0 -020   ——   —— 5   0 -021   0 -012   ——   ——
6  0 -040   ——   ——   —— 4   0 -050-   ——   ——   ——
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       TABLE G.5. SIGNIFICANT LEVELS OF B: VALUES OF B (LARGE TYPE) AND
CORRESPONDING PROBABILITIES (SMALL TYPE)1 (CONTINUED) 

α
Probability

α
Probability

0-05 0-025 0-01 0-005 0-05 0-025 0-01 0-005

A=15 B=14 15 10 -042  9 -017  8 -006  7 -002 A=15 B=9 13  4 -042  3 -013  2 -003  2 -003

14  8 -031  7 -013  6 -005-  6 -005- 12  3 -032  2 -009  2 -009  1 -002

13  7 -041  6 -017  5 -007  4 -002 11  2 -021  2 -021  1 -005-  1 -005-
12  6 -046  5 -020  4 -007  3 -002 10  2 -045-  1 -011  0 -002  0 -002

11  5 -048  4 -020  3 -007  2 -002 9  1 -024  1 -024  0 -004  0 -004

10  4 -046  3 -018  2 -006  1 -001 8  1 -048  0 -009  0 -009   ——
9  3 -041  2 -014  1 -004  1 -004 7  0 -019  0 -019   ——   ——
8  2 -033  1 -009  1 -009  0 -001 6  0 -037   ——   ——   ——
7  1 -022  1 -022  0 -004  0 -004        8 15  5 -032  4 -008  4 -008  3 -002

6  1 -049  0 -011   ——   —— 14  4 -033  3 -009  3 -009  2 -002

5  0 -025+   ——   ——   —— 13  3 -026  2 -006  2 -006  1 -001

       13 15  9 -035-  8 -013  7 -005-  7 -005- 12  2 -017  2 -017  1 -003  1 -003

14  7 -023  7 -023  6 -009  5 -003 11  2 -037  1 -008  1 -008  0 -001

13  6 -029  5 -011  4 -004  4 -004 10  1 -019  1 -019  0 -003  0 -003

12  5 -031  4 -012  3 -004  3 -004 9  1 -038  0 -006  0 -006   ——
11  4 -030  3 -011  2 -003  2 -003 8  0 -013  0 -013   ——   ——
10  3 -026  2 -008  2 -008  1 -002 7  0 -026   ——   ——   ——
9  2 -020  2 -020  1 -005+  0 -001 6  0 -050-   ——   ——   ——
8  2 -043  1 -013  0 -002  0 -002        7 15  4 -023  4 -023  3 -005-  3 -005-
7  1 -029  0 -005+  0 -005+   —— 14  3 -021  3 -021  2 -004  2 -004

6  0 -013  0 -013   ——   —— 13  2 -014  2 -014  1 -002  1 -002

5  0 -031   ——   ——   —— 12  2 -032  1 -007  1 -007  0 -001

       12 15  8 -028  7 -010-  7 -010-  6 -003 11  1 -015+  1 -015+  0 -002  0 -002

14  7 -043  6 -016  5 -006  4 -002 10  1 -032  0 -005-  0 -005-  0 -005-
13  6 -049  5 -019  4 -007  3 -002 9  0 -010+  0 -010+   ——   ——
12  5 -049  4 -019  3 -006  2 -002 8  0 -020  0 -020   ——   ——
11  4 -045+  3 -017  2 -005-  2 -005- 7  0 -038   ——   ——   ——
10  3 -038  2 -012  1 -003  1 -003        6 15  3 -015+  3 -015+  2 -003  2 -003

9  2 -028  1 -007  1 -007  0 -001 14  2 -011  2 -011  1 -002  1 -002

8  1 -018  1 -018  0 -003  0 -003 13  2 -031  1 -006  1 -006  0 -001

7  1 -038  0 -007  0 -007   —— 12  1 -014  1 -014  0 -002  0 -002

6  0 -017  0 -017   ——   —— 11  1 -029  0 -004  0 -004  0 -004

5  0 -037   ——   ——   —— 10  0 -009  0 -009  0 -009   ——
       11 15  7 -022  7 -022  6 -007  5 -002 9  0 -017  0 -017   ——   ——

14  6 -032  5 -011  4 -003  4 -003 8  0 -032   ——   ——   ——
13  5 -034  4 -012  3 -003  3 -003        5 15  2 -009  2 -009  2 -009  1 -001

12  4 -032  3 -010+  2 -003  2 -003 14  2 -032  1 -005-  1 -005-  1 -005-
11  3 -026  2 -008  2 -008  1 002 13  1 -014  1 -014  0 -001  0 -001

10  2 -019  2 -019  1 -004  1 -004 12  1 -031  0 -004  0 -004  0 -004

9  2 -040  1 -011  0 -002  0 -002 11  0 -008  0 -008  0 -008   ——
8  1 -024  1 -024  0 -004  0 -004 10  0 -016  0 -016   ——   ——
7  1 -049  0 -010-  0 -010-   —— 9  0 -030   ——   ——   ——
6  0 -022  0 -022   ——   ——        4 15  2 -035+  1 -004  1 -004  1 -004

5  0 -046   ——   ——   —— 14  1 -016  1 -016  0 -001  0 -001

       10 15  6 -017  6 -017  5 -005-  5 -005- 13  1 -037  0 -004  0 -004  0 -004

14  5 -023  5 -023  4 -007  3 -002 12  0 -009  0 -009  0 -009   ——
13  4 -022  4 -022  3 -007  2 -001 11  0 -018  0 -018   ——   ——
12  3 -018  3 -018  2 -005-  2 -005- 10  0 -033   ——   ——   ——
11  3 -042  2 -013  1 -003  1 -003        3 15  1 -020  1 -020  0 -001  0 -001

10  2 -029  1 -007  1 -007  0 -001 14  0 -005-  0 -005-  0 -005-  0 -005-
9  1 -016  0 -016  0 -002  0 -002 13  0 -012  0 -012   ——   ——
8  1 -034  0 -006  0 -006   —— 12  0 -025-  0 -025-   ——   ——
7  0 -013  1 -013   ——   —— 11  0 -043   ——   ——   ——
6  0 -028   ——   ——   ——        2 15  0 -007  0 -007  0 -007   ——

        9 15  6 -042  5 -012  4 -003  4 -003 14  0 -022  0 -022   ——   ——
14  5 -047  4 -015-  3 -004  3 -004 13  0 -044   ——   ——   ——
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F '
S1

2

S2
2

 where S1
2 > S2

2

TABLE H.1. CERIODAPHNIA DUBIA REPRODUCTION DATA FROM AN EFFLUENT SCREENING
TEST

Replicate
1 2 3 4 5 6 7 8 9 10 &X S2 

Control 36 38 35 35 28 41 37 33 . . 35.4 14.5
100% Effluent 23 14 21 7 12 17 23 8 18 . 15.9 36.6

F '
36.61
14.55

  APPENDIX  H

SINGLE CONCENTRATION TOXICITY TEST - COMPARISON OF CONTROL
WITH 100% EFFLUENT OR RECEIVING WATER

1.   To statistically compare a control with one concentration, such as 100% effluent or the instream waste
concentration, a t-test is the recommended analysis.  The t-test is based on the assumptions that the observations are
independent and normally distributed and that the variances of the observations are equal between the two groups.

2.   Shapiro Wilk's test may be used to test the normality assumption (see Appendix B for details).  If the data do not
meet the normality assumption, the nonparametric test, Wilcoxon's Rank Sum Test, may be used to analyze the data. 
An example of this test is given in Appendix F.  Since a control and one concentration are being compared, the K =
1 section of Table F.5 contains the needed critical values.

3.   The F test for equality of variances is used to test the homogeneity of variance assumption.  When conducting
the F test, the alternative hypothesis of interest is that the variances are not equal.

4.   To make the two-tailed F test at the 0.01 level of significance, put the larger of the two variances in the
numerator of  F.

5.   Compare F with the 0.005 level of a tabled F value with n1 - 1 and n 2 - 1 degrees of freedom, where n1 and n2
are the number of replicates for each of the two groups. 

6.   A set of Ceriodaphnia dubia reproduction data from an effluent screening test will be used to illustrate the F
test.  The raw data, mean and variance for the control and 100% effluent are given in Table H.1.

7.   Since the variability of the 100% effluent is greater than the variability of the control, S2 for the 100% effluent
concentration is placed in the numerator of the F statistic and S2 for the control is placed in the denominator.

8.   There are 9 replicates for the effluent concentration and 8 replicates for the control.  Thus, the numerator
degrees of freedom is 8 and the denominator degrees of freedom is 7.  For a two-tailed test at the 0.01 level of
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t '
Ȳ1&Ȳ2

Sp
1
n1

%
1
n2

Sp '
(n1&1)S1

2%(n2&1)S 2
2

n1%n2&2

t '
35.4&15.9

5.13 1
8
%

1
9

' 7.82

Sp '
(8&1)14.5%(9&1)36.6

(8%9&2)
' 5.13

significance, the critical F value is obtained from a table of the F distribution (Snedecor and Cochran, 1980).  The
critical F value for this test is 8.68.  Since 2.52 is not greater than 8.68, the conclusion is that the variances of the
control and 100% effluent are homogeneous. 

9.   EQUAL VARIANCE T-TEST

9.1   To perform the t-test, calculate the following test statistic: 

Where:   = Mean for the control Ȳ1

  =  Mean for the effluent concentration Ȳ2

S1
2 = Estimate of the variance for the control 

S2
2 = Estimate of the variance for the effluent concentration

n1 = Number of replicates for the control 

n2 = Number of replicates for the effluent concentration 

9.2   Since we are usually concerned with a decreased response from the control, such as a decrease in survival or a
decrease in reproduction, a one-tailed test is appropriate.  Thus, compare the calculated t with a critical t, where the
critical t is at the 5% level of significance with n1 + n2 - 2 degrees of freedom.  If the calculated t exceeds the critical
t, the mean responses are declared different.

9.3   Using the data from Table H.1 to illustrate the t-test, the calculation of t is as follows:

Where:
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t '
Ȳ1&Ȳ2

S 2
1

n1

%
S 2

2

n2

df ) '
(n1&1) (n2&1)

(n2&1) C 2%(1&C)2(n1&1)

C '

S 2
1

n1

S 2
1

n1

%
S 2

2

n2

9.4   For an 0.05 level of significance test with 15 degrees of freedom the critical t is 1.754 (Note:  Table D.5 for K
= 1 includes the critical t values for comparing two groups).  Since 7.82 is greater than 1.754, the conclusion is that
the reproduction in the 100% effluent concentration is significantly lower than the control reproduction.

10.   UNEQUAL VARIANCE T-TEST 

10.1   If the F test for equality of variance fails, the t-test is still a valid test.  However, the denominator of the t statistic
is adjusted as follows:

Where:  =  Mean for the control Ȳ1

 =  Mean for the effluent concentration Ȳ2

S1
2  =  Estimate of the variance for the control  

S2
2  =  Estimate of the variance for the effluent concentration 

n1  =  Number of replicates for the control 

n2  =  Number of replicates for the effluent concentration 

10.2 Additionally, the degrees of freedom for the test are adjusted using the following formula: 

Where: 

10.3   The modified degrees of freedom is usually not an integer.  Common practice is to round down to the nearest
integer.

10.4   The t-test is then conducted as the equal variance t-test.  The calculated t is compared to the critical t at the
0.05 significance level with the modified degrees of freedom.  If the calculated t exceeds the critical t, the mean
responses are found to be statistically different.
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APPENDIX  I

PROBIT ANALYSIS

1.   This program calculates the EC1 and EC50 (or LC1 and LC50), and the associated 95% confidence intervals. 

2.   The program is written in IBM PC Basic for the IBM compatible PC by Computer Sciences Corporation, 26 W.
Martin Luther King Drive, Cincinnati, OH 45268.  A compiled, executable version of the program can be obtained
from EMSL-Cincinnati by sending a written request to EMSL at 3411 Church Street, Cincinnati, OH  45244.

2.1   Data input is illustrated by a set of total mortality data (Figure I.1) from a fathead minnow embryo-larval
survival and teratogenicity test.  The program requests the following input:

1. Desired output of abbreviated (A) or full (F) output?  (Note: only abbreviated output is shown below.)
2. Output designation (P = printer, D = disk file). 
3. Title for the output.
4. The number of exposure concentrations.
5. Toxicant concentration data.

 
2.2   The program output for the abbreviated output includes the following: 
 

1. A table of the observed proportion responding and the proportion responding adjusted for the controls
(see Figure I.2).

2. The calculated chi-square statistic for heterogeneity and the tabular value.  This test is one indicator of
how well the data fit the model.  The program will issue a warning when the test indicates that the data
do not fit the model.

3. Estimated LC1 and LC50 values and associated 95% confidence intervals (see Figure I.2).
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USEPA PROBIT ANALYSIS PROGRAM
USED FOR CALCULATING LC/EC VALUES

Version 1.5

Do you wish abbreviated (A) or full (F) input/output? A
Output to printer (P) or disk file (D)? P
Title ? Example of Probit Analysis

Number responding in the control group = ? 2
Number of animals exposed in the concurrent control group = ? 20
Number of exposure concentrations, exclusive of controls ? 5

Input data starting with the lowest exposure concentration

Concentration = ? 0.5
Number responding = ? 2
Number exposed = ? 20

Concentration = ? 1.0
Number responding = ? 1
Number exposed = ? 20

Concentration = ? 2.0
Number responding = ? 4
Number exposed = ? 20

Concentration = ? 4.0
Number responding = ? 16
Number exposed = ? 20

Concentration = ? 8.0
Number responding = ? 20
Number exposed = ? 20

Number     Number
    Number Conc. Resp. Exposed

1 0.5000 2 20  
2 1.0000 1 20
3 2.0000 4 20
4 4.0000 16 20
5 8.0000 20 20

Do you wish to modify your data ? N

The number of control animals which responded =  2
The number of control animals exposed  =  20
Do you wish to modify these values ? N

Figure I.1.  Sample Data Input for USEPA Probit Analysis program, Version 1.5.
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Example of Probit Analysis
 

Proportion 
Observed Responding

Number Number Proportion Adjusted for
Conc. Exposed Resp. Responding Controls  

 
Control 20 2 0.1000 0.0000
0.5000 20 2 0.1000 0.0174
1.0000 20 1 0.0500 -.0372
2.0000 20 4 0.2000 0.1265
4.0000 20 16 0.8000 0.7816
8.0000 20 20 1.0000 1.0000

 
 
Chi - Square for Heterogeneity (calculated)    =    0.441
Chi - Square for Heterogeneity 
        (tabular value at 0.05 level)          =    7.815
 

 
Example of Probit Analysis
 
      Estimated LC/EC Values and Confidence Limits
 

Exposure Lower Upper
Point Conc. 95% Confidence Limits
 
LC/EC  1.00 1.346 0.453 1.922
LC/EC 50.00 3.018 2.268 3.672

Figure  I.2. USEPA Probit Analysis Program Used for Calculating LC/EC Values, Version 1.5.
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APPENDIX  J

SPEARMAN-KARBER METHOD

1.   The Spearman-Karber Method is a nonparametric statistical procedure for estimating the LC50 and the
associated 95% confidence interval (Finney, 1978).  The Spearman-Karber Method estimates the mean of the
distribution of the log10 of the tolerance.  If the log tolerance distribution is symmetric, this estimate of the mean is
equivalent to an estimate of the median of the log tolerance distribution.

2.   If the response proportions are not monotonically non-decreasing with increasing concentration (constant or
steadily increasing with concentration), the data must be smoothed.  Abbott's procedure is used to "adjust" the
concentration response proportions for mortality occurring in the control replicates.

3.   Use of the Spearman-Karber Method is recommended when partial mortalities occur in the test solutions, but the
data do not fit the Probit model.

4.   To calculate the LC50 using the Spearman-Karber Method, the following must be true:  1) the smoothed
adjusted proportion mortality for the lowest effluent concentration (not including the control) must be zero, and 2)
the smoothed adjusted proportion mortality for the highest effluent concentration must be one.

5.   To calculate the 95% confidence interval for the LC50 estimate, one or more of the smoothed adjusted
proportion mortalities must be between zero and one.

6.   The Spearman-Karber Method is illustrated below using a set of mortality data from a Fathead Minnow Larval
Survival and Growth test.  These data are listed in Table J.1.

TABLE J.1. EXAMPLE OF SPEARMAN-KARBER METHOD:  MORTALITY DATA FROM A
FATHEAD MINNOW LARVAL SURVIVAL AND GROWTH TEST (40 ORGANISMS
PER CONCENTRATION)

    
Effluent Number of Mortality

Concentration Mortalities Proportion
    

Control 2 0.05
6.25% 2 0.05 

12.5% 0 0.00 
25.0% 0 0.00
50.0% 26 0.65

100.0% 40 1.00 
    

7.   Let p0, p1, ..., pk denote the observed response proportion mortalities for the control and k effluent
concentrations.  The first step is to smooth the pi if they do not satisfy p0 # p1 # ... # pk.  The smoothing process
replaces any adjacent pi's that do not conform to p0 # p1 # ... # pk with their average.  For example, if pi is less than
pi-1 then:
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p s
i&1 ' p s

i '
(pi%pi&1)

2

Where:  pi
s   = the smoothed observed proportion mortality for effluent concentration i.

7.1   For the data in this example, because the observed mortality proportions for the control and the 6.25% effluent
concentration are greater than the observed response proportions for the 12.5% and 25.0% effluent concentrations,
the responses for these four groups must be averaged:

p s
0 ' p s

1 ' p s
2 ' p s

3 '
0.05%0.05%0.00%0.00

4
'

0.10
4

' 0.025

7.2   Since p4 = 0.65 is larger than p3
s, set p4

s = 0.65.  Similarly, p5 = 1.00 is larger than p4
s, so set p5

s = 1.00. 
Additional smoothing is not necessary.  The smoothed observed proportion mortalities are shown in Table J.2.

8.   Adjust the smoothed observed proportion mortality in each effluent concentration for mortality in the control
group using Abbott's formula (Finney, 1971).  The adjustment takes the form:
 
Where: pi

a = (pi
s - p0

s) / (1 - p0
s)

p0
s = the smoothed observed proportion mortality for the control

pi
s = the smoothed observed proportion mortality for effluent concentration i.

8.1 For the data in this example, the data for each effluent concentration must be adjusted for control mortality
using Abbott's formula, as follows:

p a
0 ' p a

1 ' p a
2 ' p a

3 '
p s

1 &p s
0

1&p s
0

'
0.025&0.025

1&0.025
'

0.0
0.975

' 0.0

p a
4 '

p s
4 &p s

0

1&p s
0

'
0.650&0.025

1&0.025
'

0.0625
0.975

'0.641

p a
5 '

p s
5 &p s

0

1&p s
0

'
1.000&0.025

1&0.025
'

0.975
0.975

' 1.000

The smoothed, adjusted response proportions for the effluent concentrations are shown in Table J.2.  A plot of the
smoothed, adjusted data is shown in Figure J.1.

9.   Calculate the log10 of the estimated LC50, m, as follows:

m' 'k&1

i'1

(p a
i%1)(xi%xi%1)

2

Where: pi
a =  the smoothed adjusted proportion mortality at concentration i

Xi = the log10 of concentration i

k =  the number of effluent concentrations tested, not including the control.
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9.1   For this example, the log10 of the estimated LC50, m, is calculated as follows:

      m = [(0.000 - 0.000) (0.7959 + 1.0969)]/2 +
[(0.000 - 0.000) (1.0969 + 1.3979)]/2 +
[(0.641 - 0.000) (1.3979 + 1.6990)]/2 +
[(1.000 - 0.641) (1.6990 + 2.0000)]/2

= 1.656527 

 TABLE J.2. EXAMPLE OF SPEARMAN-KARBER METHOD:  SMOOTHED, ADJUSTED
MORTALITY DATA FROM A FATHEAD MINNOW LARVAL SURVIVAL AND
GROWTH TEST

   
Smoothed,

Smoothed Adjusted
Effluent Mortality Mortality Mortality

Concentration Proportion Proportion Proportion
   

Control 0.05 0.025 0.000
6.25% 0.05 0.025 0.000

12.5% 0.00 0.025 0.000
25.0% 0.00 0.025 0.000
50.0% 0.65 0.650 0.641

100.0% 1.00 1.000 1.000
   

10. Calculate the estimated variance of m as follows:

V(m) ' 'k&1

i'2

p a
i (1&p a

i )(Xi%1%Xi&1)
2

4(ni&1)

Where: Xi = the log10 of concentration i

ni = the number of organisms tested at effluent concentration i   
      

pi
a = the smoothed adjusted observed proportion mortality at effluent concentration i

k  = the number of effluent concentrations tested, not including the control.

10.1 For this example, the estimated variance of m, V(m), is calculated as follows:

      V(m) = (0.000)(1.000)(1.3979 - 0.7959)2/4(39) +
(0.000)(1.000)(1.6990 - 1.0969)2/4(39) +
(0.641)(0.359)(2.0000 - 1.3979)2/4(39)

= 0.00053477
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Figure J.1.  Plot of the smoothed, adjusted data for the fathead minnow larval survival and growth test.
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1.656527±2 0.00053477 ' (1.610277, 1.702777)

11.    Calculate the 95% confidence interval for m:  m±2.0 V(m)

11.1   For this example, the 95% confidence interval for m is calculated as follows:

12.   The estimated LC50 and a 95% confidence interval for the estimated LC50 can be found by taking base10
antilogs of the above values.

12.1   For this example, the estimated LC50 is calculated as follows:

LC50 = antilog(m) = antilog(1.656527) = 45.3%.

12.2   The limits of the 95% confidence interval for the estimated LC50 are calculated by taking the antilogs of the
upper and lower limits of the 95% confidence interval for m as follows:

lower limit:   antilog(1.610277) = 40.8%

upper limit:   antilog(1.702777) = 50.4%
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APPENDIX  K

TRIMMED SPEARMAN-KARBER METHOD

1.   The Trimmed Spearman-Karber Method is a modification of the Spearman-Karber Method, a nonparametric
statistical procedure for estimating the LC50 and the associated 95% confidence interval (Hamilton et al, 1977). 
Appendix  The Trimmed Spearman-Karber Method estimates the trimmed mean of the distribution of the log10 of the
tolerance.  If the log tolerance distribution is symmetric, this estimate of the trimmed mean is equivalent to an
estimate of the median of the log tolerance distribution.

2.   If the response proportions are not monotonically non-decreasing with increasing concentration (constant or
steadily increasing with concentration), the data must be smoothed.  Abbott's procedure is used to "adjust" the
concentration response proportions for mortality occurring in the control replicates.

3.   Use of the Trimmed Spearman-Karber Analysis is recommended only when the requirements for the Probit
Method and the Spearman-Karber Method are not met.

4.   To calculate the LC50 using the Trimmed Spearman-Karber Method, the smoothed, adjusted, observed
proportion mortalities must bracket 0.5.

5.   To calculate the 95% confidence interval for the LC50 estimate, one or more of the smoothed, adjusted, observed
proportion mortalities must be between zero and one.

6.   Let p 0, p 1, ..., p k denote the observed proportion mortalities for the control and the k effluent concentrations. 
The first step is to smooth the pi if they do not satisfy p 0 # p 1 # ... # p k.  The smoothing process replaces any
adjacent pi's that do not conform to p 0 # p 1 # ... # p k, with their average.  For example, if pi is less than pi-1 then:

Where: pi
s
-1 = pi

s = (pi + pi-1)/2

pi
s = the smoothed observed proportion mortality for effluent concentration i.

7.   Adjust the smoothed observed proportion mortality in each effluent concentration for mortality in the control
group using Abbott's formula (Finney, 1971).  The adjustment takes the form:

Where: pi
a = (pi

s - p0
s) / (1 - p0

s)

p0
s = the smoothed observed proportion mortality for the control

pi
s = the smoothed observed proportion mortality for effluent concentration i.

8.   Calculate the amount of trim to use in the estimation of the LC50 as follows:

Where: Trim = max(p1
a, 1-pk

a)

p1
a = the smoothed, adjusted proportion mortality for the lowest effluent concentration, exclusive of

the control

pk
a = the smoothed, adjusted proportion mortality for the highest effluent concentration

k = the number of effluent concentrations, exclusive of the control.

The minimum trim should be calculated for each data set rather than using a fixed amount of trim for each data set.
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9.   Due to the intensive nature of the calculation for the estimated LC50 and the calculation of the associated 95%
confidence interval using the Trimmed Spearman-Karber Method, it is recommended that the data be analyzed by
computer.

10.   A computer program which estimates the LC50 and associated 95% confidence interval using the Trimmed
Spearman-Karber Method, can be obtained from EMSL-Cincinnati by sending a written request to EMSL, 3411
Church Street, Cincinnati, OH  45244.

11.   The Trimmed Spearman-Karber program automatically performs the following functions:

a. Smoothing.
b. Adjustment for mortality in the control.
c. Calculation of the necessary trim.
d. Calculation of the LC50.
e. Calculation of the associated 95% confidence interval.

12.   To illustrate the Trimmed Spearman-Karber method using the Trimmed Spearman-Karber computer program, a
set of data from a Fathead Minnow Larval Survival and Growth test will be used.  The data are listed in Table K.1.

TABLE K.1. EXAMPLE OF TRIMMED SPEARMAN-KARBER METHOD:  MORTALITY DATA
FROM A FATHEAD MINNOW LARVAL SURVIVAL AND GROWTH TEST 
(40 ORGANISMS PER CONCENTRATION)

   
Effluent Number of Mortality

Concentration Mortalities Proportion
%   

Control 2 0.05
6.25 0 0.00 

12.5 2 0.05 
25.0 0 0.00
50.0 0 0.00

100.0 32 0.80 
   

12.1   The program requests the following input (Figure K.1):

a.  Output destination (D = disk file, P = printer).
 b.  Control data.

c.  Data for each toxicant concentration.

12.2 The program output includes the following (Figure K.2):

a.  A table of the concentrations tested, number of organisms exposed, and mortalities.
b.  The amount of trim used in the calculation.
c.  The estimated LC50 and the associated 95% confidence interval.
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A:>spearman                                                              

 TRIMMED SPEARMAN-KARBER METHOD.  VERSION 1.5 
                                  
ENTER DATE OF TEST:                                                            
1
ENTER TEST NUMBER:                                                            
2
WHAT IS TO BE ESTIMATED?
(ENTER "L" FOR LC50 AND "E" FOR EC50)                         
 L                                                 
ENTER TEST SPECIES NAME:  
Fathead minnow
ENTER TOXICANT  NAME:                                          
Effluent                                                          
ENTER UNITS FOR EXPOSURE CONCENTRATION OF TOXICANT:
%
ENTER THE NUMBER OF INDIVIDUALS IN THE CONTROL:                               
 40                                                     
ENTER THE NUMBER OF MORTALITIES IN THE CONTROL:                                
2                                                      
ENTER THE NUMBER OF CONCENTRATIONS                                 
(NOT INCLUDING THE CONTROL;  MAX = 10):                                        
5                                                      
ENTER THE  5 EXPOSURE CONCENTRATIONS (IN INCREASING ORDER):                    
6.25  12.5  25  50  100
ARE THE NUMBER OF INDIVIDUALS AT EACH EXPOSURE CONCENTRATION EQUAL(Y/N)?
y                                                
ENTER THE NUMBER OF INDIVIDUALS AT EACH EXPOSURE CONCENTRATION: 40                           
                         
ENTER UNITS FOR DURATION OF EXPERIMENT                             
(ENTER "H" FOR HOURS, "D" FOR DAYS, ETC.):                                     
Days                                           
ENTER DURATION OF TEST:                                                        
7                                                     
ENTER THE NUMBER OF MORTALITIES AT EACH EXPOSURE CONCENTRATION:  0 2 0 0 32              
                             
WOULD YOU LIKE THE AUTOMATIC TRIM CALCULATION(Y/N)?                           
 y                                                                              

Figure K.1.  Example input for Trimmed Spearman-Karber Method.
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TRIMMED SPEARMAN-KARBER METHOD.  VERSION 1.5       
 
 
 
 

DATE:   1 TEST NUMBER: 2 DURATION:    7 Days     
TOXICANT:  effluent                                       
SPECIES:   fathead minnow

 
RAW DATA:  Concentration Number Mortalities 
 --- ----   (%) Exposed 

.00 40 2 
6.25 40 0

12.50 40 2
25.00 40 0
50.00 40 0

100.00 40 32

SPEARMAN-KARBER TRIM: 20.41% 
 

SPEARMAN-KARBER ESTIMATES: LC50: 77.28 
95% CONFIDENCE LIMITS  
ARE NOT RELIABLE. 

 
NOTE:  MORTALITY PROPORTIONS WERE NOT MONOTONICALLY INCREASING. 
ADJUSTMENTS WERE MADE PRIOR TO SPEARMAN-KARBER ESTIMATION. 

Figure K.2.  Example output for Trimmed Spearman-Karber Method.
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p s
0 ' p s

1 ' p s
2 ' p s

3 '
0.05%0.00%0.00%0.00

4
'

0.05
4

' 0.0125

APPENDIX  L

GRAPHICAL METHOD

1.   The Graphical Method is used to calculate the LC50.  It is a mathematical procedure which estimates the LC50
by linearly interpolating between points of a plot of observed percent mortality versus the base 10 logarithm (log10)
of percent effluent concentration.  This method does not provide a confidence interval for the LC50 estimate and its
use is only recommended when there are no partial mortalities.  The only requirement for the Graphical Method is
that the observed percent mortalities bracket 50%.

2.   For an analysis using the Graphical Method the data must first be smoothed and adjusted for mortality in the
control replicates.  The procedure for smoothing and adjusting the data is detailed in the following steps.

3.   The Graphical Method is illustrated below using a set of mortality data from an Fathead Minnow Larval Survival
and Growth test.  These data are listed in Table L.1.

TABLE L.1. EXAMPLE OF GRAPHICAL METHOD:  MORTALITY DATA FROM A FATHEAD
MINNOW LARVAL SURVIVAL AND GROWTH TEST (40 ORGANISMS PER
CONCENTRATION)

      
Effluent Number of Mortality

Concentration Mortalities Proportion
%      

Control 2 0.05
6.25 0 0.00 

12.5 0 0.00 
25.0 0 0.00
50.0 40 1.00

100.0 40 1.00 
      

4.   Let p 0, p 1, ..., p k denote the observed proportion mortalities for the control and the k effluent concentrations. 
The first step is to smooth the p i if they do not satisfy p 0 # p 1 # ... # pk.  The smoothing process replaces any
adjacent pi's that do not conform to p 0 # p 1 # ... # p k with their average.  For example, if pi is less than pi-1 then:

p s
i&1 ' p s

i ' (pi%pi&1)/2

Where:  pi
s   = the smoothed observed proportion mortality for effluent concentration i.

4.1   For the data in this example, because the observed mortality proportions for the 6.25%, 12.5%, and 25.0%
effluent concentrations are less than the observed response proportion for the control, the values for these four
groups must be averaged:

4.2   Since p4 = p5 = 1.00 are larger then 0.0125, set p4
s = p5

s = 1.00.  Additional smoothing is not necessary.  The
smoothed observed proportion mortalities are shown in Table L.2.
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TABLE L.2. EXAMPLE OF GRAPHICAL METHOD:  SMOOTHED, ADJUSTED MORTALITY
DATA FROM A FATHEAD MINNOW LARVAL SURVIVAL AND GROWTH TEST

      
Smoothed,

Smoothed Adjusted
Effluent Mortality Mortality Mortality

Concentration Proportion Proportion Proportion
%      

Control 0.05 0.0125 0.00
6.25 0.00 0.0125 0.00

12.5 0.00 0.0125 0.00
25.0 0.00 0.0125 0.00
50.0 1.00 1.0000 1.00

100.0 1.00 1.0000 1.00
      

5.   Adjust the smoothed observed proportion mortality in each effluent concentration for mortality in the control
group using Abbott's formula (Finney, 1971).  The adjustment takes the form:

p a
i ' (p s

i &p s
0 ) /(1&p s

0 )

Where: p0
s = the smoothed observed proportion mortality for the control

    pi
s = the smoothed observed proportion mortality for effluent concentration i.

5.1   Because the smoothed observed proportion mortality for the control group is greater than zero, the responses
must be adjusted using Abbott's formula, as follows:

p a
0 ' p a

1 ' p a
2 ' p a

3 '
p s

1 &p s
0

1&p s
0

'
0.0125&0.0125

1 & 0.0125
'

0.0
0.9875

' 0.0

p a
4 ' p a

5 '
p s

4 &p s
0

1&p s
0

'
1.00 & 0.0125

1 &0.0125
'

0.9875
0.9875

' 1.00

A table of the smoothed, adjusted response proportions for the effluent concentrations are shown in Table L.2.

5.2   Plot the smoothed, adjusted data on 2-cycle semi-log graph paper with the logarithmic axis (the y axis) used for
percent effluent concentration and the linear axis (the x axis) used for observed percent mortality.  A plot of the
smoothed, adjusted data is shown in Figure L.1.

6.   Locate the two points on the graph which bracket 50% mortality and connect them with a straight line.

7.   On the scale for percent effluent concentration, read the value for the point where the plotted line and the 50%
mortality line intersect.  This value is the estimated LC50 expressed as a percent effluent concentration.

7.1   For this example, the two points on the graph which bracket the 50% mortality line (0% mortality at 25%
effluent, and 100% mortality at 50% effluent) are connected with a straight line.  The point at which the plotted line
intersects the 50% mortality line is the estimated LC50.  The estimated LC50 = 35% effluent.
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Figure L.1 Plot of the smoothed adjusted response proportions for fathead minnow, Pimephales promelas, survival data.
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APPENDIX  M

LINEAR INTERPOLATION METHOD

1.   GENERAL PROCEDURE

1.1   The Linear Interpolation Method is used to calculate a point estimate of the effluent or other toxicant
concentration that causes a given percent reduction (e.g., 25%, 50%, etc.) in the reproduction or growth of the test
organisms (Inhibition Concentration, or IC).  The procedure was designed for general applicability in the analysis of
data from short-term chronic toxicity tests, and the generation of an endpoint from a continuous model that allows a
traditional quantitative assessment of the precision of the endpoint, such as confidence limits for the endpoint of a
single test, and a mean and coefficient of variation for the endpoints of multiple tests.

1.2   The Linear Interpolation Method assumes that the responses (1) are monotonically non-increasing, where the
mean response for each higher concentration is less than or equal to the mean response for the previous
concentration, (2) follow a piecewise linear response function, and (3) are from a random, independent, and
representative sample of test data.  If the data are not monotonically nonincreasing, they are adjusted by smoothing
(averaging).  In cases where the responses at the low toxicant concentrations are much higher than in the controls, the
smoothing process may result in a large upward adjustment in the control mean.  Also, no assumption is made about
the distribution of the data except that the data within a group being resampled are independent and identically
distributed.

2.   DATA SUMMARY AND PLOTS

2.1   Calculate the mean responses for the control and each toxicant concentration, construct a summary table, and
plot the data.

3.   MONOTONICITY

3.1   If the assumption of monotonicity of test results is met, the observed response means ( ) should stay the sameȲi
or decrease as the toxicant concentration increases.  If the means do not decrease monotonically, the responses are
"smoothed" by averaging (pooling) adjacent means.

3.2   Observed means at each concentration are considered in order of increasing concentration, starting with the
control mean ( ).  If the mean observed response at the lowest toxicant concentration ( ) is equal to or smallerȲ1 Ȳ2
than the control mean ( ), it is used as the response.  If it is larger than the control mean, it is averaged with theȲ1
control, and this average is used for both the control response (M1) and the lowest toxicant concentration response
(M2).  This mean is then compared to the mean observed response for the next higher toxicant concentration ( ). Ȳ3
Again, if the mean observed response for the next higher toxicant concentration is smaller than the mean of the
control and the lowest toxicant concentration, it is used as the response.  If it is higher than the mean of the first two,
it is averaged with the first two, and the mean is used as the response for the control and two lowest concentrations of
toxicant.  This process is continued for data from the remaining toxicant concentrations.  A numerical example of
smoothing the data is provided below.  (Note:  Unusual patterns in the deviations from monotonicity may require an
additional step of smoothing).  Where  decrease monotonically, the  become Mi without smoothing.Ȳi Ȳi

4.   LINEAR INTERPOLATION METHOD

4.1   The method assumes a linear response from one concentration to the next.  Thus, the ICp is estimated by linear
interpolation between two concentrations whose responses bracket the response of interest, the (p) percent reduction
from the control.

4.2   To obtain the estimate, determine the concentrations CJ and CJ+1 which bracket the response M1 (1 - p/100),
where M1 is the smoothed control mean response and p is the percent reduction in response relative to the control
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ICp ' CJ % [ M1 (1 & p/100) & MJ ]
(CJ % 1 & CJ)
(MJ % 1 & MJ)

response.  These calculations can easily be done by hand or with a computer program as described below.   The
linear interpolation estimate is calculated as follows:

Where: CJ = tested concentration whose observed mean response is greater than M1(1 - p/100).

CJ + 1 = tested concentration whose observed mean response is less than M1(1 - p/100).

M1 = smoothed mean response for the control.

MJ = smoothed mean response for concentration J.

MJ + 1 = smoothed mean response for concentration J + 1.

p = percent reduction in response relative to the control response.

ICp = estimated concentration at which there is a percent reduction from the smoothed mean control
response.  The ICp is reported for the test, together with the 95% confidence interval
calculated by the ICPIN.EXE program described below.

4.3   If the CJ is the highest concentration tested, the ICp would be specified as greater than CJ.  If the response at the
lowest concentration tested is used to extrapolate the ICp value, the ICp should be expressed as a less than the lowest
test concentration.

5.   CONFIDENCE INTERVALS

5.1   Due to the use of a linear interpolation technique to calculate an estimate of the ICp, standard statistical methods
for calculating confidence intervals are not applicable for the ICp.  This limitation is avoided by use a technique
known as the bootstrap method as proposed by Efron (1982) for deriving point estimates and confidence intervals.

5.2   In the Linear Interpolation Method, the smoothed response means are used to obtain the ICp estimate reported
for the test.  The bootstrap method is used to obtain the 95% confidence interval for the true mean.  In the bootstrap
method, the test data Yji is randomly resampled with replacement to produce a new set of data Yji*, that is statistically
equivalent to the original data, but a new and slightly different estimate of the ICp (ICp*) is obtained.  This process is
repeated at least 80 times (Marcus and Holtzman, 1988) resulting in multiple "data" sets, each with an associate ICp*
estimate.  The distribution of the ICp* estimates derived from the sets of resampled data approximates the sampling
distribution of the ICp estimate.  The standard error of the ICp is estimated by the standard deviation of the
individual ICp* estimates.  Empirical confidence intervals are derived from the quantiles of the ICp* empirical
distribution.  For example, if the test data are resampled a minimum of 80 time, the empirical 2.5% and the 97.5%
confidence limits are approximately the second smallest and second largest ICp* estimates (Marcus and Holtzman,
1988).  

5.3   The width of the confidence intervals calculated by the bootstrap method is related to the variability of the data. 
When confidence intervals are wide, the reliability of the IC estimate is in question.  However, narrow intervals do
not necessarily indicate that the estimate is highly reliable, because of undetected violations of assumptions and the
fact that the confidence limits based on the empirical quantiles of a bootstrap distribution of 80 samples may be
unstable.

5.4   The bootstrapping method of calculating confidence intervals is computationally intensive.  For this reason, all
of the calculations associated with determining the confidence intervals for the ICp estimate have been incorporated
into a computer program.  Computations are most easily done with a computer program such as the revision of the
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BOOTSTRP program (USEPA, 1988; USEPA, 1989) which is now called "ICPIN" which is described below in
subsection 7.

6.   MANUAL CALCULATIONS

6.1   DATA SUMMARY AND PLOTS

6.1.1   The data used in this example are the Ceriodaphnia dubia reproduction data used in the example in Section
13.  Table M.1 includes the raw data and the mean reproduction for each concentration.  Data are included for all
animals tested regardless of death of the organism.  If an animal died during the test without producing young, a zero
is entered.  If death occurred after producing young, the number of young produced prior to death is entered.  A plot
of the data is provided in Figure M.1.

TABLE M.1.  CERIODAPHNIA DUBIA REPRODUCTION DATA   

Effluent Concentration (%)
Replicate Control 1.56 3.12 6.25 12.5 25.0

1 27 32 39 27 10 0
2 30 35 30 34 13 0
3 29 32 33 36 7 0
4 31 26 33 34 7 0
5 16 18 36 31 7 0
6 15 29 33 27 10 0
7 18 27 33 33 10 0
8 17 16 27 31 16 0
9 14 35 38 33 12 0

10 27 13 44 31 2 0

Mean ( ) 22.4 26.3 34.6 31.7 9.4 0Ȳi
i 1 2 3 4 5 6

6.2   MONOTONICITY

6.2.1   As can be seen from the plot in Figure M.1, the observed means are not monotonically non-increasing with
respect to concentration.  Therefore, the means must be smoothed prior to calculating the IC.

6.2.2   Starting with the control mean Y'1 = 22.4 and Y'2 = 26.3, we see that Y'1 < Y'2 .  Calculate the smoothed means:

M1 ' M2 ' (Ȳ1 % Ȳ2) /2 ' 24.35

6.2.3   Since Y'3 = 34.6 is larger than M2, average Y'3 with the previous concentrations:

6.2.4   Additionally, Y'4 = 31.7 is larger than M3, and is pooled with the first three means.  Thus, 

 M1 ' M2 ' M3 ' M4 ' ( M1 % M2 % M3 % Ȳ4 ) /4 ' 28.7
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Figure M.1. Plot of raw data, observed means, and smoothed means for the daphnid, Ceriodaphnia dubia, reproductive data.
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TABLE M.2. CERIODAPHNIA DUBIA REPRODUCTION MEAN RESPONSE AFTER
SMOOTHING

Effluent Response Smoothed 
Concentration Mean (Yi) Mean (Mi)

% i (Young/female) (Young/female)

Control 1 22.4 28.75
1.56 2 26.3 28.75
3.12 3 34.6 28.75
6.25 4 31.7 28.75

12.5 5 9.4 9.40
25.0 6 0.0 0.00

6.2.5   Since M4 > Y'5 = 9.4, set M5 = 9.4.  Likewise, M5 > Y'6 = 0 and M6 becomes 0.  Table M.2 contains the 
smoothed means and Figure M.1 gives a plot of the smoothed response curve.

6.3   LINEAR INTERPOLATION

6.3.1   Estimates of the IC25 and IC50 are calculated using the Linear Interpolation Method.  A 25% reduction in
reproduction, compared to the controls, would result in a mean reproduction of 21.56 young per adult, where M1(1-
p/100) = 28.75(1-25/100).  A 50% reduction in reproduction, compared to the controls, would result in a mean
reproduction of 14.38 young per adult, where M1(1-p/100) = 28.75(1-50/100).  Examining the smoothed means and
their associated concentrations (Table M.2), the two effluent concentrations bracketing the reproduction of 21.56
young per adult are C4 = 6.25% effluent and C5 = 12.5% effluent.  The two effluent concentrations bracketing a
response of 14.38 young per adult are also C4 = 6.25% effluent and C5 = 12.5% effluent.  

6.3.2   Using Equation 1 from 4.2, the estimate of the IC25 is calculated as follows:

 

ICp ' CJ % [ M1 (1 & p/100) & MJ ]
(CJ % 1 & CJ)
(MJ % 1 & MJ)

             

IC25 ' 6.25 % [28.75 (1 & 25/100) & 28.75] (12.5 & 6.25)
(9.40 & 28.75)

= 8.57% effluent

6.3.3   Using the equation from section 4.2, the estimate of the IC50 is calculated as follows:

 ICp ' CJ % [ M1 (1 & p/100) & MJ ]
(CJ % 1 & CJ)
(MJ % 1 & MJ)

                IC50 ' 6.25 % [28.75 (1 & 50/100) & 28.75] (12.5 & 6.25)
(9.40 & 28.75)

= 10.89% effluent
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6.4   CONFIDENCE INTERVALS

6.4.1   Confidence intervals for the ICp are derived using the bootstrap method.  As described above, this method
involves randomly resampling the individual observations and recalculating the ICp at least 80 times, and
determining the mean ICp, standard deviation, and empirical 95% confidence intervals.  For this reason, the
confidence intervals are calculated using a computer program called ICPIN.  This program is described below and is
available to carry out all the calculations of both the interpolation estimate (ICp) and the confidence intervals.

7.   COMPUTER CALCULATIONS

7.1   The computer program, ICPIN, prepared for the Linear Interpolation Method was written in TURBO PASCAL
for IBM compatible PCs.  The program (version 2.0) has been modified by Computer Science Corporation, Duluth,
MN with funding provided by the Environmental Research Laboratory, Duluth, MN (Norberg-King, 1993).  The
program was originally developed by Battelle Laboratories, Columbus, OH through a government contract supported
by the Environmental Research Laboratory, Duluth, MN (USEPA, 1988).  To obtain the program and supporting
documentation, send a written request to EMSL-Cincinnati at 3411 Church Street, Cincinnati, OH  45244.

7.2   The ICPIN.EXE program performs the following functions:  1) it calculates the observed response means (Yi)
(response means);  2) it calculates the standard deviations;  3) checks the responses for monotonicity; 4) calculates
smoothed means (Mi) (pooled response means) if necessary; 5) uses the means, Mi, to calculate the initial ICp of
choice by linear interpolation; 6) performs a user-specified number of bootstrap resamples between 80 and 1000 (as
multiples of 40); 7) calculates the mean and standard deviation of the bootstrapped ICp estimates; and 8) provides an
original 95% confidence intervals to be used with the initial ICp when the number of replicates per concentration is
over six and provides both original and expanded confidence intervals when the number of replicates per
concentration are less than seven (Norberg-King, 1993).

7.3   For the ICp calculation, up to twelve treatments can be used (which includes the control).  There can be up to 40
replicates per concentration, and the program does not require an equal number of replicates per concentration.  The
value of p can range from 1% to 99%.

7.4   DATA INPUT

7.4.1   Data is entered directly into the program onscreen.  A sample data entry screen in shown in Figure M.2.  The
program documentation provides guidance on the entering and analysis of data for the Linear Interpolation Method
(Norberg-King, 1993).

7.4.2   The user selects the ICp estimate desired (e.g., IC25 or IC50) and the number of resamples to be taken for the
bootstrap method of calculating the confidence intervals.  The program has the capability of performing any number
of resamples from 80 to 1000 as multiples of 40.  However, Marcus and Holtzman (1988) recommend a minimum of
80 resamples for the bootstrap method be used and at least 250 resamples are better (Norberg-King, 1993).

7.5   DATA OUTPUT.

7.5.1   The program output includes the following (Figures M.3 and M.4):

1. A table of the concentration identification, the concentration tested and raw data response for each
replicate and concentration.

2. A table of test concentrations, number of replicates, concentration (units), response means (Ȳi),
standard deviations for each response mean, and the pooled response means (smoothed means; Mi).

3. The linear interpolation estimate of the ICp using the means (Mi).  Use this value for the ICp estimate.
4. The mean ICp and standard deviation from the bootstrap resampling.
5. The confidence intervals calculated by the bootstrap method for the ICp.  Provides an original 95%

confidence intervals to be used with the initial ICp when the number of replicates per concentration is
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over six and provides both original and expanded confidence intervals when the number of replicates
per concentration are less than seven.

7.6   ICPIN program output for the analysis of the Ceriodaphnia dubia reproduction data in Table M.1 is provided in
Figures M.3 and M.4.

7.6.1   When the ICPIN program was used to analyze this set of data, requesting 80 resamples, the estimate of the
IC25 was 8.57% effluent.  The empirical 95% confidence intervals for the true mean were 8.30% to 8.85% effluent.

7.6.2   When the ICPIN program was used to analyze this set of data, requesting 80 resamples, the estimate of the
IC50 was 10.89% effluent.  The empirical 95% confidence intervals for the true mean were 10.36% to 11.62%
effluent.
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ICp Data Entry/Edit Screen Current File:

Conc. ID 1 2 3 4 5 6

Conc. Tested

Conc. Tested

Response 1

Response 2

Response 3

Response 4

Response 5

Response 6

Response 7

Response 8

Response 9

Response 10

Response 11

Response 12

Response 13

Response 14

Response 15

Response 16

Response 17

Response 18

Response 19

Response 20

F10 for Command Menu Use arrow Keys to Switch Fields

Figure M.2. ICp data entry/edit screen.  Twelve concentrating identifications can be used.  Data for concentrations
are entered in columns 1 through 6.  For concentrations 7 through 12 and responses 21-40 the data is
entered in additional fields of the same screen.
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Conc. ID             1         2         3         4         5         6

Conc. Tested         0      1.56      3.12      6.25      12.5      25.0

Response  1         27        32        39        27        10         0
Response  2         30        35        30        34        13         0
Response  3         29        32        33        36         7         0
Response  4         31        26        33        34         7         0
Response  5         16        18        36        31         7         0
Response  6         15        29        33        27        10         0
Response  7         18        27        33        33        10         0
Response  8         17        16        27        31        16         0
Response  9         14        35        38        33        12         0
Response 10         27        13        44        31         2         0

*** Inhibition Concentration Percentage Estimate ***
Toxicant/Effluent: 
Test Start Date: app M   Test Ending Date: 
Test Species: Ceriodaphnia dubia
Test Duration:             7-d
DATA FILE: cerioman.icp
OUTPUT FILE: cerioman.i25

Conc.     Number     Concentration     Response      Std.       Pooled
 ID     Replicates               %       Means       Dev.   Response Means

  1         10             0.000         22.400      6.931     28.750
  2         10             1.560         26.300      8.001     28.750
  3         10             3.120         34.600      4.835     28.750
  4         10             6.250         31.700      2.946     28.750
  5         10            12.500          9.400      3.893      9.400
  6         10            25.000          0.000      0.000      0.000

The Linear Interpolation Estimate:     8.5715   Entered P Value: 25

Number of Resamplings:   80
The Bootstrap Estimates Mean:   8.6014 Standard Deviation:     0.1467
Original Confidence Limits:   Lower:     8.3040 Upper:     8.8496
Resampling time in Seconds:     2.53  Random Seed: -1652543090

Figure M.3.  Example of ICPIN program output for the IC25.
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Conc. ID             1         2         3         4         5         6

Conc. Tested         0      1.56      3.12      6.25      12.5      25.0

Response  1         27        32        39        27        10         0
Response  2         30        35        30        34        13         0
Response  3         29        32        33        36         7         0
Response  4         31        26        33        34         7         0
Response  5         16        18        36        31         7         0
Response  6         15        29        33        27        10         0
Response  7         18        27        33        33        10         0
Response  8         17        16        27        31        16         0
Response  9         14        35        38        33        12         0
Response 10         27        13        44        31         2         0

*** Inhibition Concentration Percentage Estimate ***
Toxicant/Effluent: 
Test Start Date: app M   Test Ending Date: 
Test Species: Ceriodaphnia dubia
Test Duration:             7-d
DATA FILE: cerioman.icp
OUTPUT FILE: cerioman.i50

Conc.     Number     Concentration     Response      Std.       Pooled
 ID     Replicates               %       Means       Dev.   Response Means

  1         10             0.000         22.400      6.931     28.750
  2         10             1.560         26.300      8.001     28.750
  3         10             3.120         34.600      4.835     28.750
  4         10             6.250         31.700      2.946     28.750
  5         10            12.500          9.400      3.893      9.400
  6         10            25.000          0.000      0.000      0.000

The Linear Interpolation Estimate:    10.8931   Entered P Value: 50

Number of Resamplings:   80
The Bootstrap Estimates Mean:  10.9108 Standard Deviation:     0.3267
Original Confidence Limits:   Lower:    10.3618 Upper:    11.6201
Resampling time in Seconds:     2.58  Random Seed: 340510286

Figure M.4.  Example of ICPIN program output for the IC50.
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NOTICE AND DISCLAIMER 


This document provides the basis for implementing the Test of Significant Toxicity (TST) 
approach under the National Pollutant Discharge Elimination System (NPDES) for permitting 
authorities (states and Regions) and persons interested in analyzing whole effluent toxicity 
(WET) test data using the traditional hypothesis testing approach as part of the NPDES Program 
under the Clean Water Act (CWA). This document describes what the U.S. Environmental 
Protection Agency (EPA) believes is another statistical option to analyze valid WET test data for 
NPDES WET reasonable potential and permit compliance determinations. The document does 
not, however, substitute for the CWA, an NPDES permit, or EPA or state regulations applicable 
to permits or WET testing; nor is this document a permit or a regulation itself. The TST approach 
does not result in changes to EPA’s WET test methods promulgated at Title 40 of the Code of 
Federal Regulations Part 136. The document does not and cannot impose any legally binding 
requirements on EPA, states, NPDES permittees, or laboratories conducting or using WET 
testing for permittees (or for states in evaluating ambient water quality). EPA could revise this 
document without public notice to reflect changes in EPA policy and guidance. Finally, mention 
of any trade names, products, or services is not and should not be interpreted as conveying 
official EPA approval, endorsement, or recommendation. 
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EXECUTIVE SUMMARY 

The U.S. Environmental Protection Agency (EPA or the Agency) has developed a new statistical 
approach that assesses the whole effluent toxicity (WET) measurement of wastewater effects on 
specific test organisms’ ability to survive, grow, and reproduce. The new approach is called the 
Test of Significant Toxicity (TST) and is a statistical method that uses hypothesis testing 
techniques based on research and peer-reviewed publications. The TST approach examines 
whether an effluent, at the critical concentration (e.g., in-stream waste concentration or IWC, as 
recommended in EPA’s Technical Support Document (TSD) (USEPA 1991) and implemented 
under EPA’s WET National Pollutant Discharge Elimination System (NPDES) permits program 
and the control within a WET test differ by an unacceptable amount (the amount that would have 
a measured detrimental effect on the ability of aquatic organisms to thrive and survive). EPA 
Regions and their NPDES states can still use EPA’s TSD approaches. The TST approach is 
another statistical option to analyze valid WET test data. 

Since the inception of EPA’s NPDES WET Program in the mid 1980s, the Agency has striven to 
advance and improve its application and implementation under the NPDES Program. The TST 
approach explicitly incorporates test power (the ability to correctly classify the effluent as non
toxic, also see reference in the glossary under power) and provides a positive incentive to 
generate valid, high quality WET data to make informed decisions regarding NPDES WET 
reasonable potential (RP) and permit compliance determinations. Once the WET test has been 
conducted (using multiple effluent concentrations and other requirements as specified in the EPA 
WET test methods), the TST approach can be used to analyze the WET test results to assess 
whether the effluent discharge is toxic at the critical concentration. Performing the EPA WET 
test where the minimum five required test concentrations (pursuant to the EPA WET test 
methods) can establish a concentration-response curve. The TST approach is designed to be used 
for a two concentration data analysis of the IWC or a receiving water concentration (RWC) 
compared to a control concentration. Using the TST approach, permitting authorities will have 
more confidence when making NPDES determinations as to whether a permittee’s effluent 
discharge is toxic or non-toxic. Use of the TST approach does not result in any changes to EPA’s 
WET test methods; however, a facility might desire to modify its future WET tests by increasing 
the number of replicates over the minimum required (USEPA 1995, 2002a, 2002b, 2002c) by the 
approved EPA WET test method to increase test power, which is the probability of declaring an 
effluent non-toxic if the organism response at the IWC is truly acceptable. If WET tests have 
already been performed, the WET data generated cannot be modified to increase the number of 
test replicates because the TST analysis is done on valid WET data generated within a WET test. 

The TST approach was developed on the basis of extensive analyses and detailed research. EPA 
used valid WET data from more than 2,000 WET tests to develop and evaluate the TST 
approach. The TST approach was tested using nine different WET test methods comprising 
twelve biological endpoints (e.g., reproduction, growth, survival) and representing most of the 
different types of WET test designs currently in use. More than one million computer 
simulations were also used to select error rates achieving EPA’s regulatory management 
decisions for the TST approach. 
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Background 
In the NPDES Program, an effluent sample is declared toxic relative to a permitted WET limit if 
the no observed effect concentration (NOEC) is less than the permitted IWC using a hypothesis 
statistical approach. In that traditional hypothesis approach, the question being answered is, “Is 
the mean response of the organisms the same in the control and at the IWC?” The hypothesis 
testing approach has four possible outcomes: (1) the IWC is truly toxic and is declared toxic, (2) 
the IWC is truly non-toxic and is declared non-toxic, (3) the IWC is truly toxic but is declared 
non-toxic, and (4) the IWC is truly non-toxic but is declared toxic. The latter two possible 
outcomes represent decision errors that can occur with any hypothesis testing approach. In the 
NPDES WET Program, those two types of errors can occur when test control replication is very 
good (i.e., test is very precise) so that a very small difference between IWC and control is 
declared toxic (outcome [4] above), and when test control replication is poor (i.e., the test is very 
imprecise) so that even large differences in organism response between the IWC and control 
cannot be distinguished as statistically different, and the effluent is incorrectly classified as non-
toxic (outcome [3] above). 

Organism responses to the IWC and control are unlikely to be exactly the same. The difference 
might be so small that even if statistically significant, it would be considered biologically 
negligible. Another approach for assessing an effluent’s toxicity on the basis of collected WET 
data might be to rephrase the question, “Does the mean WET test response in the control and the 
IWC differ by a defined biological amount?” That approach is known as the test of 
bioequivalence, which the Food and Drug Administration has successfully used to evaluate 
drugs, as have many researchers in other biological fields. Using the TST approach, the question 
is, “Is the organism response at the IWC less than or equal to a fixed fraction of the control 
response (e.g., 75 percent of the control mean response)?” That fixed fraction, expressed as a 
decimal between 0.00 and 1.00, is termed “b” in the TST approach. Thus, the hypothesis being 
tested is written as follows: mean response [IWC] ≤ b × mean response [control]. 

The TST approach requires defining what is considered toxic. For chronic testing (i.e., for both 
lethal and sublethal toxicity test endpoints) in EPA’s NPDES WET Program, the b value in the 
TST analysis is set at 0.75, which means that a 25 percent effect (or more) is considered 
evidence of unacceptable chronic toxicity. IWC responses substantially less than a 25 percent 
effect would be interpreted to have a lower risk potential. The regulatory management decision 
(RMD) for acute WET methods is set at 0.80, which means that a 20 percent effect (or more) is 
considered evidence of unacceptable acute toxicity. The acute RMD toxicity threshold is higher 
than that for chronic WET methods because of the severe environmental implications of acute 
toxicity (lethality or organism death). For more discussion on the b values of 0.75 (chronic 
toxicity) and 0.80 (acute toxicity), see Section 2.1 of this document. 

EPA’s RMDs using the TST approach identify true toxicity in WET tests most of the time when 
it occurs, while also minimizing the probability that the IWC is declared toxic when in fact it is 
not. That objective requires additional RMDs regarding acceptable maximum false positive (β or 
beta using a TST approach) and false negative rates (α or alpha using a TST approach). In the 
TST approach, the RMDs are defined as (1) declare a sample toxic at least 75 percent of the time 
(alpha, α < 0.25) when there is unacceptable toxicity (20 percent effect for acute and 25 percent 
effect for chronic test methods), and (2) declare an effluent non-toxic no more than 5 percent 
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(beta, β < 0.05) of the time when the mean effect at the critical effluent concentration is ≤ 10 
percent for both acute and chronic WET tests (including for sublethal endpoints). For more 
discussion on the RMDs, see Section 2.1 of this document. 

On the basis of EPA’s analyses, the alpha levels shown in Table ES-1 are recommended for the 
nine WET test methods examined using the TST approach. An important feature of the TST 
approach is that the false negative error rate (rate of declaring a toxic effluent to be non-toxic) is 
established, which, under the traditional hypothesis testing approach, had not been established by 
EPA previously. For more discussion on the inclusion of the beta error rate in the TST approach, 
see Section 1.2 of this document and Section 1.1 on the current approach in EPA’s 1991 TSD. A 
demonstrated benefit of the TST approach is that increasing within-test replication (the test 
power) results in a lower rate of WET tests being declared toxic using the TST approach when 
the IWC is truly non-toxic. 

Results obtained from the TST analyses using the nine EPA test methods should be applicable to 
other EPA WET methods not examined. For example, results generated under this project for the 
fish Pimephales promelas survival and growth test is extrapolated to other EPA fish survival and 
growth tests (e.g., Menidia sp., Cyprinus variegatus, Atherinops affinis) because those test 
methods use a similar test design (e.g., number of replicates, number of organisms tested) and 
measure the same endpoints. 

Summary 
More than 2,000 WET test results and more than one million simulations were conducted to 
develop the technical basis for the TST approach. The approach builds on the strengths of the 
traditional hypothesis testing approach, including use of robust statistical analyses and published 
EPA documents regarding WET data analysis and interpretation. The TST approach yields a 
rigorous statistical interpretation of valid WET data by incorporating transparent RMDs and 
established alpha and beta error rates, which can provide incentives to generate test results 
having greater test power. Because the approach considers statistical test power, its use will 
result in greater confidence in WET regulatory decisions. In addition, the TST approach provides 
a positive incentive for the permittee to generate valid, high quality WET data by either 
increasing the number of test replicates for the IWC and the control within a test and/or 
achieving better precision within a test through improved WET test method performance (e.g., a 
high level of quality assurance and quality control). 

Permitting authorities should consider the practical programmatic shift from the traditional 
hypothesis testing approach to the TST approach by opening a dialogue with their regulated 
community. In addition, they might want to begin to identify what changes might be needed to 
assimilate the TST approach into any regulations, policy, guidance, and training in their 
respective NPDES WET Programs. Again, the traditional hypothesis testing approach under 
EPA’s TSD is still considered valid as applied; however, that approach can now be advanced 
through the TST approach by providing new incentives to permittees to provide valid, high 
quality WET data. 
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Table ES-1. Summary of alpha (α) levels or false negative rates recommended for different WET test 
methods using the TST approach 

EPA WET test method b value 

Probability of declaring a 
toxic effluent non-toxic 
False negative (α) errora 

Chronic Freshwater and East Coast Methods 
Ceriodaphnia dubia (water flea) survival and 
reproduction 

0.75 0.20 

Pimephales promelas (fathead minnow) survival 
and growth 

0.75 0.25 

Selenastrum capricornutum (green algae) growth 0.75 0.25 
Americamysis bahia (mysid shrimp) survival and 
growth 

0.75 0.15 

Arbacia punctulata (Echinoderm) fertilization 0.75 0.05 
Cyprinodon variegatus (Sheepshead minnow) and 
Menidia beryllina (inland silverside) survival and 
growth 

0.75 0.25 

Chronic West Coast Marine Methods 
Dendraster excentricus and Strongylocentrotus 
purpuratus (Echinoderm) fertilization 

0.75 0.05 

Atherinops affinis (topsmelt) survival and growth 0.75 0.25 
Haliotis rufescens (red abalone), Crassostrea gigas 
(oyster), Dendraster excentricus, 
Strongylocentrotus purpuratus (Echinoderm) and 
Mytilus sp (mussel) larval development methods 

0.75 0.05 

Macrocystis pyrifera (giant kelp) germination and 
germ-tube length 

0.75 0.05 

Acute Methods 
Pimephales promelas (fathead minnow), 
Cyprinodon variegatus (Sheepshead minnow), 
Atherinops affinis (topsmelt), Menidia beryllina 
(inland silverside) acute survivalb 

0.80 0.10 

Ceriodaphnia dubia, Daphnia magna, Daphnia 
pulex, Americamysis bahia acute survivalb 

0.80 0.10 

Notes: 
a. (1) declare a sample toxic at least 75 percent of the time (alpha < 0.25) when there is unacceptable toxicity (20 
percent effect for acute and 25 percent effect for chronic test methods) and (2) declare an effluent non-toxic no more 
than 5 percent of the time (beta < 0.05) when the mean effect at the critical effluent concentration is 10 percent for 
both acute and chronic WET tests (including sublethal endpoints). For more discussion on the RMDs, see Section 2.1 
of this document. 
b. Based on four replicate test design 

In addition, EPA recommends the following: 
•	 Permitting authorities should decide up front which approach (the EPA’s 1991 TSD 

approach, the TST approach, or another scientifically defensible approach that is sufficient 
to meet the statutory and regulatory requirements) they will follow (including for their RP 
procedures) and use the selected approach consistently in all their state NPDES permits. 
Permitting authorities should ensure that the most environmentally protective approach is 
consistently used across all permits when assessing valid WET data (e.g., WET RP) for 
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NPDES permit requirements (e.g., WET limits, monitoring frequencies, toxicity 
identification evaluation/toxicity reduction evaluation) and avoid selecting the approach 
that underestimates the true toxicity of the permitted effluent discharge. 

•	 Where a small data set exists (fewer than four valid WET tests performed and reported in 
the previous 5 years), permitting authorities should use the TSD approach for determining 
RP. With small WET data sets, the TSD’s RP multiplying factor is more conservative for 
environmental water quality protection purposes than the TST. The TST approach is 
intended for larger data sets (four or more) because it does not use an RP multiplying 
factor. 

•	 If WET tests have already been performed, the WET data generated cannot be modified to 
increase the number of test replicates within a test. The decision to increase the number of 
within test replicates is a decision that needs to be made before conducting the WET tests. 

•	 Where a permittee has concerns about WET data quality, EPA recommends increasing the 
number of replicates in tests, even if the permitting authority has not yet adopted the TST 
approach. 

ix 



NPDES Test of Significant Toxicity Implementation Document June, 2010 

x 




 

 
 

 

 
 

 

 
 

 

 
 

CV 

NPDES Test of Significant Toxicity Implementation Document 	 June, 2010 

ACRONYMS AND ABBREVIATIONS 

CFR 	 Code of Federal Regulations 
coefficient of variation 

CWA Clean Water Act 
DMR discharge monitoring report 
EC effect concentration 
EPA U.S. Environmental Protection Agency 
IC25 25 percent inhibition concentration 
IWC in-stream waste concentration 
LC50 50 percent lethal concentration  
LOEC lowest observed effect concentration 
MDL maximum daily limit 
NOEC no observed effect concentration 
NPDES National Pollutant Discharge Elimination System 
QA/QC quality assurance/quality control 
RMD regulatory management decision 
RP reasonable potential 
RPMF reasonable potential multiplying factor 
RWC receiving water concentration 
SWAMP Surface Water Ambient Monitoring Program (California) 
TAC test acceptability criteria 
TIE toxicity identification evaluation 
TRE toxicity reduction evaluation 
TSD Technical Support Document for Water Quality-Based Toxics Control 
TST Test of Significant Toxicity 
TU toxicity unit 
WET	 whole effluent toxicity 
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GLOSSARY 

Acute Toxicity Test is a test to determine the concentration of effluent or ambient waters that 
causes an adverse effect (usually mortality) on a group of test organisms during a short-term 
exposure (e.g., 24, 48, or 96 hours). Acute toxicity is determined using statistical procedures 
(e.g., point estimate techniques or a t-test). 

Ambient Toxicity is measured using a toxicity test on a sample collected from a receiving 
waterbody. 

Chronic Toxicity Test is a short-term test in which sublethal effects (e.g., reduced growth or 
reproduction) are usually measured in addition to lethality. 

Coefficient of Variation (CV) is a standard statistical measure of the relative variation of a 
distribution or set of data, defined as the standard deviation divided by the mean. The CV can be 
used as a measure of precision within and between laboratories, or among replicates for each 
treatment concentration. 

Confidence Interval is the numerical interval constructed around a point estimate of a 
population parameter. 

Effect Concentration (EC) is a point estimate of the toxicant concentration that would cause an 
observable adverse effect (e.g., mortality, fertilization). EC25 is a point estimate of the toxicant 
concentration that would cause an observable adverse effect in 25 percent of the test organisms. 

False Negative is when the in-stream waste concentration is declared non-toxic but in fact is 
truly toxic. In the traditional hypothesis approach, false negative error rate is denoted by Beta 
(β). In the TST approach, false negative error rate is denoted as Alpha (α), which applies when 
the percent effect in the critical effluent concentration is > 25% for a given test. 

False Positive is when the in-stream waste concentration is declared toxic but in fact is truly 
non-toxic. In the traditional hypothesis approach, false positive error rate is denoted by Alpha 
(α). In the TST approach, false positive error rate is denoted as Beta (β), which applies when the 
percent effect in the critical effluent concentration is < 10% for a given test. 

Hypothesis Testing is a statistical approach (e.g., Dunnett’s procedure) for determining whether 
a test concentration is statistically different from the control. Endpoints determined from 
hypothesis testing are no observed effect concentration and lowest observed effect concentration 
(LOEC). The two hypotheses commonly tested in WET are: 

Null hypothesis (Ho): The effluent is non-toxic. 

Alternative hypothesis (Ha): The effluent is toxic. 

Inhibition Concentration (IC) is a point estimate of the toxicant concentration that would cause 
a given percent reduction in a nonlethal biological measurement (e.g., reproduction or growth), 
calculated from a continuous model (i.e., Interpolation Method). IC25 is a point estimate of the 
toxicant concentration that would cause a 25 percent reduction in a nonlethal biological 
measurement. 
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In-stream Waste Concentration (IWC) is the concentration of a toxicant or effluent in the 
receiving water after mixing. The IWC is the inverse of the dilution factor. It is sometimes 
referred to as the receiving water concentration (RWC). 

Lethal Concentration, 50 percent (LC50) is the toxicant or effluent concentration that would 
cause death to 50 percent of the test organisms. 

Lowest Observed Effect Concentration (LOEC) is the lowest concentration of an effluent or 
toxicant that results in statistically significant adverse effects on the test organisms (i.e., where 
the values for the observed endpoints are statistically different from the control). 

No Observed Effect Concentration (NOEC) is the highest tested concentration of an effluent 
or toxicant that causes no observable adverse effect on the test organisms (i.e., the highest 
concentration of toxicant at which the values for the observed responses are not statistically 
different from the control). 

National Pollutant Discharge Elimination System (NPDES) is the national program for 
issuing, modifying, revoking and reissuing, terminating, monitoring and enforcing permits, and 
imposing and enforcing pretreatment requirements, under the Clean Water Act sections 307, 318, 
402, and 405. 

Power (or test power) in the context of the Test of Significant Toxicity approach, is the 
probability of correctly declaring an effluent non-toxic when, in fact, it has an acceptably low 
level of toxicity. 

Precision is a measure of reproducibility (which is a statistical term about the ability to 
reproduce similar results across test replicates with in a test treatment) within a data set. 
Precision can be measured both within a laboratory (within-laboratory) and between laboratories 
(between-laboratory) using the same test method and toxicant. 

Quality Assurance (QA) is a practice in toxicity testing that addresses all activities affecting the 
quality of the final effluent toxicity data. QA includes practices such as effluent sampling and 
handling, source and condition of test organisms, equipment condition, test conditions, 
instrument calibration, and replication, use of reference toxicants, recordkeeping, and data 
evaluation. 

Quality Control (QC) is the set of more focused, routine, day-to-day activities carried out as 
part of the overall QA program. 

Reasonable Potential (RP) is where an effluent is projected or calculated to cause an excursion 
above a water quality standard based on a number of factors including the four factors listed in 
Title 40 of the Code of Federal Regulations Part 122.44(d)(1)(ii). 

Reference Toxicant Test is a check of the sensitivity of the test organisms and suitability of the 
test methodology using the reference toxicant required by the EPA WET test methods. Reference 
toxicant data are part of a routine QA/QC program to evaluate the performance of laboratory 
personnel and the robustness and sensitivity of the test organisms. 
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Regulatory Management Decision (RMD) is the decision that represents the maximum 
allowable error rates and thresholds for toxicity and non-toxicity that would result in an 
acceptable risk to aquatic life. 

Replicate is two or more independent organism exposures of the same treatment (i.e., effluent 
concentration) within a WET test. Replicates are typically separate test chambers with 
organisms, each having the same effluent concentration. 

Sample is defined as a representative portion of a specific environmental matrix that is used in 
toxicity testing. For this document, environmental matrices could include effluents, surface 
waters, groundwater, stormwater, and sediment. 

Significant Difference is defined as a statistically significant difference (e.g., 95 percent 
confidence level) in the means of two distributions of sampling results. 

Statistic is a computed or estimated quantity such as the mean, standard deviation, or coefficient 
of variation. 

Test Acceptability Criteria (TAC) are test method-specific criteria for determining whether 
toxicity test results are acceptable. The effluent and reference toxicant must meet specific criteria 
as defined in the test method (e.g., for the Ceriodaphnia dubia survival and reproduction test, the 
criteria are as follows: the test must achieve at least 80 percent survival and an average of 15 
young per surviving female in the control and at least 60% of surviving organisms must have 
three broods). 

t-test (formally Student’s t-Test) is a statistical analysis comparing two sets of replicate 
observations—in the case of WET, only two test concentrations (e.g., a control and IWC). The 
purpose of this test is to determine if the means of the two sets of observations are different (e.g., 
if the IWC or ambient concentration differs from the control [i.e., the test result is pass or fail]). 

Type I Error (alpha α) is the error of rejecting the null hypothesis (Ho) that should have been 
accepted. 

Type II Error (beta β) is the error of accepting the null hypothesis (Ho) that should have been 
rejected. 

Toxicity Test is a procedure to determine the toxicity of a chemical or an effluent using living 
organisms. A toxicity test measures the degree of effect on exposed test organisms of a specific 
chemical or effluent. 

Welch’s t-test is an adaptation of Student’s t-test intended for use with two samples having 
unequal variances. 

Whole Effluent Toxicity (WET) is the total toxic effect of an effluent measured directly with a 
toxicity test. 
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1.0 INTRODUCTION 
Whole effluent toxicity (WET) test methods are laboratory procedures that measure biological 
effects (e.g., survival, growth, reproduction) on aquatic organisms exposed to effluents or storm 
water discharged to receiving waters in implementing the National Pollutant Discharge 
Elimination System (NPDES) Program under the Clean Water Act (CWA) section 402. Since the 
publication of EPA’s Technical Support Document for Water Quality-based Toxics Control 
(TSD) (USEPA 1991), permitting authorities have requested alternative approaches for 
analyzing WET test data that would provide increased confidence in the data assessment and 
simplify the NPDES permit decision-making process with respect to WET. In response to those 
requests, EPA developed the TST approach as another statistical option to analyze valid WET 
test data. This document presents the NPDES programmatic features of the TST statistical 
approach for analyzing valid WET data and how it can be used to support permitting authorities 
and permittees when analyzing and interpreting WET test data. Use of the TST approach does 
not result in any changes to EPA’s WET test methods, nor does it preclude the use of EPA’s 
TSD approaches for analyzing valid WET data, or another scientifically defensible approach that 
is sufficient to meet the statutory and regulatory requirements. 

1.1 Terminology and Concepts 
This section briefly summarizes the major statistical concepts and terminology involved in WET 
analysis so as to give the reader a context with which to understand the TST approach and how it 
differs from current statistical approaches used to analyze valid WET data. This TST 
implementation document is not intended to provide a detailed discussion of WET test methods, 
data interpretation, or statistics, and it is assumed that the reader will consult EPA’s TSD, WET 
test method documents, and other WET-related documents (e.g., Understanding and Accounting 
for Method Variability in Whole Effluent Toxicity Applications, USEPA 2000). 

In the NPDES Program, WET tests examine organism responses to effluent, typically along a 
dilution series (USEPA 1995, 2002a, 2002b, 2002c). Acute WET methods measure the lethal 
response of test organisms exposed to effluent (USEPA 2002c). The principal response 
endpoints for those methods are the effluent concentration that is lethal to 50 percent of the test 
organisms (LC50) or the effluent concentration at which survival is significantly lower than the 
control. Chronic WET methods often measure both lethal and sublethal responses of test 
organisms. The statistical endpoints used in chronic WET testing are the no observed effect 
concentration (NOEC) and the 25 percent inhibition concentration (IC25). The NOEC endpoint 
is determined using a hypothesis testing approach that identifies the maximum effluent 
concentration at which the response of test organisms is not significantly different from the 
control. From a regulatory perspective, an effluent sample is declared toxic if the NOEC is less 
than the in-stream waste concentration (IWC) specified through the WET limitations in the 
permit. The IC25, by contrast, is a point estimation approach. It identifies the concentration at 
which the response of test organisms is 25 percent below that observed in the control 
concentration, and it interpolates the effluent concentration at which this magnitude of response 
is expected to occur. From a regulatory perspective, an effluent sample is declared toxic if the 
IC25 is less than the IWC specified through the WET limitations in the permit. This document 
focuses only on the hypothesis testing approach and not on point estimation approaches for 
analyzing and interpreting WET data. 
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In any hypothesis testing approach, two hypotheses are stated: the null hypothesis and the 
alternative hypothesis. The statistical concepts associated with the traditional hypothesis testing 
approach currently used in WET analysis are summarized in Table 1. Using that approach, the 
null hypothesis is that the IWC is non-toxic (i.e., the organism response at the IWC is equal to or 
better than the response in the test control). The alternative hypothesis is that the IWC is toxic 
(i.e., the organism response is worse in the IWC than in the control). With any hypothesis testing 
approach, two types of decision errors occur: (1) conclude that the null hypothesis is correct 
when in fact it is not or (2) conclude that the null hypothesis is incorrect (i.e., reject the null 
hypothesis) and thereby declare that the alternative hypothesis is correct, when in fact the null 
hypothesis is correct. In WET testing, the first type of error above is referred to as a false 
negative, meaning that the IWC is declared non-toxic when in fact it is toxic. The second type of 
error above is referred to as a false positive in WET testing, meaning that the IWC is declared 
toxic when in fact it is not. 

In the traditional hypothesis testing approach summarized in Table 1, statisticians have assigned 
Greek letters to the two types of errors identified above. Alpha (or α) refers to the false positive 
error rate. Beta (or β) refers to the rate of false negatives. In the EPA WET test methods 
supporting the NPDES WET Program (USEPA 1995, 2002a, 2002b), α was established but β 
was not. Therefore, the application of α from the EPA test methods and implemented under 
EPA’s TSD, recommended that the maximum rate of false positives that should be observed 
should be low (no more than 5 percent or α = 0.05), but the rate of false negatives was not 
similarly controlled and is not currently evaluated in WET testing. As a result, the rate of false 
negatives in the NPDES WET Program has not been controlled. Put another way, the statistical 
power of these tests, the ability to correctly classify the IWC as toxic (where power is defined as 
1-β, Table 1) has not been controlled. 

As noted previously in this section, a hypothesis testing approach determines whether the 
organism response at the IWC is significantly worse than that in the control. In practice, this 
statistical approach relies on two properties of the data: the average values in the control and the 
IWC (e.g., average fish weight in each test concentration), and the variability observed among 
replicates (i.e., organisms’ responses from multiple replicates) within the IWC and the control. 
Whether the IWC is considered toxic depends on both of those data properties, which in many 
cases results in a well-established, statistically rigorous way to evaluate WET data. However, 
there are two types of situations in which the traditional hypothesis testing approach can yield 
equivocal results in WET testing: (1) in tests where within-test variability is high and (2) in tests 
where within-test variability is exceptionally low. In the first case, because within-test variability 
is high, it will be difficult to determine statistically whether the organism response to the IWC is 
worse than the control. That could result in more false negatives than would otherwise be the 
case. In the second case above, because within-test variability is very low, it will be relatively 
easy to show statistically significant differences in organism response between the IWC and the 
control. That could result in more false positives (as defined in the TST approach) than would 
otherwise be the case. 
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Table 1. Expression of null and alternative hypotheses used in traditional hypothesis testing and 
relationships between error rates and resulting decisions based on this approach. Entries correspond to 
the probability decision given in parentheses. The probability of a false positive (i.e., rejecting a null 
hypothesis that should not have been rejected) is represented by α and the probability a false negative 
(i.e., failing to reject the null hypothesis when it should have been rejected) is represented by β. 

Decision 

True condition 
Null hypothesis 

Treatment mean ≥ Control mean 
Sample is non-toxic 

Alternative hypothesis 
Treatment mean < Control mean 

Sample is toxic 
Treatment mean ≥ Control 
mean 
Sample is non-toxic 

Correct decision (1-α) False negative (β) 

Treatment mean < Control 
mean 
Sample is toxic 

False positive (α) Correct decision 
(1 – β) (power) 

1.2 Background on the TST Approach 
The TST is an alternative statistical approach for analyzing and interpreting valid WET data that 
also uses a hypothesis testing approach but in a different way, building on previous work 
conducted by EPA in the NPDES WET Program (USEPA 2000) and other researchers (Erickson 
and McDonald 1995; Shukla et al. 2000; Berger and Hsu 1996). The TST approach is based on a 
type of hypothesis testing referred to as bioequivalence testing. Bioequivalence is a statistical 
approach that has long been used in evaluating clinical trials of pharmaceutical products 
(Anderson and Hauck 1983) and by the Food and Drug Administration (Hatch 1996; Aras 2001; 
Streiner 2003). The approach has also been used to evaluate the attainment of soil cleanup 
standards for contaminated sites (USEPA 1989) and to evaluate effects of pesticides in 
experimental ponds (Stunkard 1990). In the context of the NPDES WET Program, the TST 
approach assesses whether the response of test organisms at the IWC (e.g., fish weight or number 
of neonates per female) is less than a predetermined proportion of the control response that is 
considered unacceptably toxic. Once the WET test has been conducted (using multiple effluent 
concentrations and other requirements have been met as specified in the EPA methods), the TST 
approach is designed to be used for a two concentration data analysis of the in-stream waste 
concentration (IWC) or a receiving water concentration (RWC) compared to a control 
concentration. 

The null hypothesis using the TST approach is that the IWC is significantly more toxic (i.e., 
results in a worse organism response) compared to the control (see Table 2). The alternative 
hypothesis using the TST approach is that the IWC is non-toxic. Thus, the null and alternative 
hypotheses using the TST approach are opposite of what they are under the traditional hypothesis 
testing approach described in Section 1.1. In addition, the meaning of α and β are also opposite 
from what they represent in the traditional hypothesis approach. Under the TST approach, α is 
associated with false negatives, and β is associated with false positives. Statistical power using 
the TST approach is the ability to correctly classify the IWC as non-toxic (Table 2). The 
proportion or fraction of the control response that represents the toxicity threshold is denoted as 
b in the equations in Table 2 and is expressed as a decimal between 0.00 and 1.00. For example, 
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a b value set at 0.85 would mean that a response at the IWC that is at least 85 percent of the 
control response in the test (i.e., no more than a 15 percent effect) would be considered a lower 
risk for environmental impacts. 

Using the TST hypothesis approach in the NPDES WET Program has several benefits. By 
incorporating b in the hypothesis equation, using the TST approach, there is explicit 
acknowledgement of the fact that the organism response at the IWC can be less than the control 
organism response by a certain amount and still be considered acceptable (i.e., non-toxic). In that 
way, truly non-toxic samples (as defined in the TST approach) can be addressed in a clearer 
manner than is possible with the traditional hypothesis testing approach as practiced in the 
NPDES WET Program. A low false positive rate in the TST approach is further addressed by 
having a low β (β ≤ 0.05), which means more statistical power to identify an acceptable effluent 
(as defined by EPA’s regulatory management decisions [RMDs]) as non-toxic in the NPDES 
WET Program. In addition, because the null hypothesis in the TST approach is opposite to what 
is used in the traditional hypothesis testing approach, false negatives are explicitly addressed (α 
in the TST approach addresses the false negative rate). As mentioned previously, the current 
NPDES WET Program does not control for false negatives. Thus, the TST approach allows 
permitting authorities to minimize the occurrence of false negatives (i.e., declaring the IWC non
toxic when it is actually exhibiting unacceptable toxicity), while also minimizing the occurrence 
of false positives (i.e., declaring the IWC toxic when it is actually acceptable). The TST 
approach has the added advantage of providing permittees with a clear incentive to improve the 
precision of test results (e.g., decrease within-test variability and/or use more replicates within a 
WET test than the minimum required in the EPA WET test method) to reach a definitive 
conclusion as to whether unacceptable toxicity is observed in a test. Thus, using the TST 
approach, a permittee can in fact prove a negative, i.e., that their effluent is acceptable (non
toxic). 

Table 2. Expression of null and alternative hypotheses using the TST approach and relationships 
between error rates and resulting decisions based on this approach. Entries correspond to the probability 
decision given in parentheses. The probability of a false positive (i.e., rejecting a null hypothesis that 
should not have been rejected) is represented by α and the probability a false negative (i.e., failing to 
reject the null hypothesis when it should have been rejected) is represented by β. 

Decision 

True condition 
Null hypothesis 

Treatment mean ≤ b × Control mean 
Sample is toxic 

Alternative hypothesis 
Treatment mean > b × Control mean 

Sample is non-toxic 
Treatment mean ≤ b × 
Control mean 
Sample is toxic 

Correct decision (1-α) False positive (β) 

Treatment mean > b × 
Control mean 
Sample is non-toxic 

False negative (α) Correct decision 
(1-β) (power) 
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2.0 TST METHODOLOGY 

2.1 Regulatory Management Decisions for the TST Approach 
Toxicity is not an absolute quantity but rather an effect that is determined relative to a control or 
reference sample using a given WET test method. In the TST approach, what is considered 
unacceptable or acceptable toxicity are explicit RMDs. For chronic testing in EPA’s NPDES 
WET Program, the b value in the TST null hypothesis is set at 0.75, which means that a 25 
percent effect (or more) is considered a demonstration of unacceptable toxicity in a given WET 
test. Using a 25 percent effect threshold as the b coefficient is consistent with EPA’s use of a 25 
percent inhibition concentration (IC25) as an acceptable WET endpoint for examining chronic 
WET data. Responses substantially less than a 25 percent effect would be interpreted as a lower 
risk potential. The unacceptable toxicity RMD threshold for acute WET methods is set higher 
than that for chronic WET methods because of the severe environmental implications of acute 
toxicity (lethality or organism death). Therefore, for acute WET tests, the b value in the TST 
approach is set at 0.80 (i.e., ≥ 20 percent effect in the effluent in acute WET tests is considered 
unacceptable). 

For both acute and chronic WET test methods, the low-risk RMD threshold is set at a 10 percent 
mean effect at the IWC within a WET test. Thus, one can prove the negative (i.e., an effluent is 
acceptable or considered non-toxic under NPDES) if that condition is met in a WET test. For 
mean effect levels greater than 10 percent but less than the unacceptable toxicity RMD threshold 
(20 percent for acute and 25 percent for chronic WET tests), the TST approach will still declare 
the IWC non-toxic depending on within-test variability: the lower the variability in the WET test, 
the more likely the sample will be declared non-toxic on the basis of the mean responses 
observed under these test conditions. 

EPA’s RMDs using the TST approach are used to specify unacceptable toxicity in WET tests 
most of the time when it occurs (i.e., a low false negative rate). As mentioned previously, under 
the traditional hypothesis testing approach currently used in the NPDES WET Program, the false 
negative rate was not controlled. Using the TST approach, the false negative rate RMD is 0.05 ≤ 
α < 0.25, which translates to at least 75 percent probability that an effluent causing unacceptable 
toxicity will be declared toxic. As noted in the previous paragraph, the unacceptable toxicity 
RMD threshold is defined as ≥ 20 percent effect of the IWC in acute WET tests and ≥ 25 percent 
effect of the IWC in chronic WET tests. 

EPA also desires to minimize the probability that the IWC is declared toxic when in fact it is 
acceptable (i.e., low false positive rate). Under the traditional hypothesis testing approach 
currently used in the NPDES WET Program, the false positive rate is set at 0.05 or 5 percent. 
Therefore, in the TST approach, the desired false positive rate is also set at 0.05 or 5 percent (β < 
0.05). A β = 0.05 in the TST approach means that 95 percent of the time, a truly acceptable 
effluent (≤ 10 percent mean effect at the IWC) will be declared non-toxic in the NPDES WET 
Program. Depending on the minimum WET test design required in the EPA methods (e.g., 
number of replicates and number of organisms per test concentration) and achievable laboratory 
control precision for a WET test method, α will be set between 0.05 and 0.25 while still 
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maintaining a β ≤ 0.05. Extensive analyses were used to identify the lowest α for a given WET 
test method for which β = 0.05 and all other RMDs are met. 

The RMD thresholds above represent boundaries in terms of desired α and β rates. An α = 0.20 
for a chronic test method, for example, means that the Type I error rate will be approximately 20 
percent at a mean effect of 25 percent. At higher levels of effect in the IWC, actual Type I error 
rates would be lower; at lower mean effect levels in the IWC, Type I error rate would be 
somewhat higher, depending on the test method. Therefore, at mean effect levels between the 10 
percent non-toxic RMD boundary and the unacceptable toxicity RMD boundary (20 percent for 
acute and 25 percent for chronic WET test methods), there are differing probabilities of an 
effluent being declared toxic depending on within-test variability and the difference in mean 
responses observed between control and IWC. As a result, there will be some instances in which 
TST will declare a test toxic, whereas the traditional hypothesis approach would declare that test 
non-toxic (particularly when within-test variability is high or the mean effect at the IWC is near 
25 percent, as explained in Section 1.1). Similarly, there will be some instances in which TST 
will declare an effluent non-toxic but the traditional hypothesis approach would declare that test 
toxic (when within-test variability is low and the mean effect at the IWC is less than the 20 
percent toxicity RMD threshold for acute test methods or 25 percent for chronic toxicity test 
methods, as explained in Section 1.1). 

WET test design and the types of WET endpoints measured influence test sensitivity (e.g., 
control coefficient of variation or CV). Therefore, TST α error rates are identified for different 
types of test designs. For example, all fish chronic WET test methods that use a similar test 
design and have the same type of test endpoints (e.g., growth and survival) would have the same 
α value. Varying α by WET test design is appropriate for the TST approach. Given the way that 
the hypotheses are formulated in the TST approach (see Table 2), α represents what is 
considered β in the traditional hypothesis testing approach, and an acceptable β error was not 
identified in the current EPA TSD’s approach to the EPA NPDES WET Program. Setting α as 
well as β in the TST approach addresses both false positives and false negatives. 

2.2 Setting the Test Method-Specific Alpha Level 
Several types of analyses were conducted to determine the appropriate α level for each WET test 
method. First, representative effluent and reference toxicant data meeting EPA WET test 
method’s test acceptability criteria (TAC) were obtained from several state databases, which 
included multiple laboratories and wastewater effluents. Valid effluent WET data that met the 
following data selection requirements were considered to be a representative sample. 

•	 Cover a range of NPDES permitted facility types, including both industrial and municipal 
permittees 

•	 Represent many facilities for a given EPA WET test method (i.e., no one facility 

dominates the data for a given WET test method) 


•	 Cover a range of target (design) effluent dilutions on which WET reasonable potential 
(RP) and NPDES permit compliance are based, ranging from 10 percent to 100 percent 
effluent concentrations 

•	 Generated by several laboratories for a given EPA WET test method 
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•	 Cover a range of observed effluent toxicity for each EPA WET test method (e.g., NOECs 
range from < 10 percent to 100 percent effluent) 

For each of the nine EPA WET test methods examined, control precision was calculated on the 
basis of valid WET data compiled in this project. A similar analysis was performed for the 
control response for each of the nine test methods (e.g., mean number of offspring per female in 
the chronic Ceriodaphnia dubia test method) to characterize typical achievable test performance 
in terms of control response. 

A Monte Carlo simulation analysis (a statistical method) was used to estimate the percentage of 
WET tests that would be declared toxic using the TST approach as a function of different α 
levels, within-test variability (control and effluent variability), and different effect levels. That 
analysis identified probable false positive error rates (i.e., declaring an effluent toxic when in fact 
it is not) under all WET test scenarios encountered. Using the RMDs defined above, an 
appropriate α level was then identified for each WET test design given a desired β error of < 5 
percent (0.05) when there is a 10 percent mean effect at the IWC. By simulating thousands of 
WET tests for a given scenario (mean percent effect and control CV), the percentage of tests 
declared toxic under a given effluent assessment scenario could be calculated and compared with 
other scenarios. 

7 




NPDES Test of Significant Toxicity Implementation Document June, 2010 

8 




 

 

  

 

 
 

 
 

    

 
 

  

 

 

 

  

   

  
 

 

 
 

 

 
 

 

 

 

 

 

 
 

 

 
 

 

 

NPDES Test of Significant Toxicity Implementation Document June, 2010 

3.0 USING THE TST APPROACH IN WET DATA ANALYSES 

3.1 Summary of Test Method-Specific Alpha Values 
On the basis of all the analyses conducted in this project, EPA recommends the following alpha 
levels when using the TST approach in a two concentration (i.e., two treatments) data analysis 
comparison (e.g., IWC and control) (see Table 3). 

Table 3. Summary of alpha (α) levels or false negative rates recommended for different WET test 
methods using the TST approach 

EPA WET test method b value 

Probability of declaring a 
toxic effluent non-toxic 
False negative (α) errora 

Chronic Freshwater and East Coast Methods 
Ceriodaphnia dubia (water flea) survival and 
reproduction 

0.75 0.20 

Pimephales promelas (fathead minnow) survival 
and growth 

0.75 0.25 

Selenastrum capricornutum (green algae) growth 0.75 0.25 
Americamysis bahia (mysid shrimp) survival and 
growth 

0.75 0.15 

Arbacia punctulata (Echinoderm) fertilization 0.75 0.05 
Cyprinodon variegatus (Sheepshead minnow) and  
Menidia beryllina (inland silverside) survival and 
growth 

0.75 0.25 

Chronic West Coast Marine Methods 
Dendraster excentricus and Strongylocentrotus 
purpuratus (Echinoderm) fertilization 

0.75 0.05 

Atherinops affinis (topsmelt) survival and growth 0.75 0.25 
Haliotis rufescens (red abalone), Crassostrea gigas 
(oyster), Dendraster excentricus, 
Strongylocentrotus purpuratus (Echinoderm) and 
Mytilus sp (mussel) larval development methods 

0.75 0.05 

Macrocystis pyrifera (giant kelp) germination and 
germ-tube length 

0.75 0.05 

Acute Methods 
Pimephales promelas (fathead minnow), 
Cyprinodon variegatus (Sheepshead minnow), 
Atherinops affinis (topsmelt), Menidia beryllina 
(inland silverside) acute survivalb 

0.80 0.10 

Ceriodaphnia dubia, Daphnia magna, Daphnia 
pulex, Americamysis bahia acute survivalb 

0.80 0.10 

Notes: 
a. (1) declare a sample toxic at least 75 percent of the time (alpha < 0.25) when there is unacceptable toxicity (20 
percent effect for acute and 25 percent effect for chronic test methods) and (2) declare an effluent non-toxic no more 
than 5 percent of the time (beta < 0.05) when the mean effect at the critical effluent concentration is 10 percent for 
both acute and chronic WET tests (including sublethal endpoints). For more discussion on the RMDs, see Section 2.1 
of this document. 
b. Based on four replicate test design 
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3.2 Calculating Statistics for Valid WET Data Using the TST Approach 
Appendix A includes a step-by-step guide for using the TST approach to analyzing WET test 
data. The appendix also includes a statistical flowchart and several examples. Note that the WET 
test method should follow the test condition requirements as specified in EPA’s approved WET 
methods (USEPA 1995, 2002a, 2002b, 2002c). 

The TST approach is used to statistically compare organism responses from two concentrations 
(i.e., treatments) of the WET test, the IWC and the control. Percent data (quantal data), such as 
percent survival or percent germination from a WET test, is first transformed as required in the 
EPA WET test manuals. Other types of WET data (e.g., growth or reproduction data) are not 
transformed. Data are then analyzed using Welch’s t-test, a well-known modification of the 
standard t-test (Zar 1996), which is appropriate for the TST approach (see Appendix A). 

Appendix B lists the critical t values that apply to WET testing using the TST approach given the 
number of degrees of freedom and the α level that applies for a given WET test method from 
Table 3 of this document. If the calculated t value for the WET test is greater than the critical t 
value (see Table B-1), the null hypothesis is rejected, i.e., the test result is Pass and the effluent 
is declared non-toxic. If the calculated t value is less than the critical t value in Appendix B, the 
null hypothesis is not rejected, i.e., the test result is Fail and the effluent is declared toxic. 
Appendix A contains examples that demonstrate the formulae used in the TST approach and are 
designed to illustrate how the outcome is influenced by within-test variability and the mean 
effect of the IWC using the TST approach. Four different case examples are presented, three of 
which have equal variances between control and IWC: (1) Ceriodaphnia reproduction data 
having relatively high within-test variability, (2) Ceriodaphnia reproduction data having 
relatively low within-test variability and the same effect as in Example 1, (3) growth data from 
two fathead minnow chronic WET tests, both with relatively high within-test variability but 
small mean effect at the IWC; one test was conducted with the minimum number of replicates 
required in the EPA WET test method (four replicates) and the other test was conducted a priori 
with six replicates per concentration; and (4) calculations using the TST approach for an acute 
fathead minnow WET test. 

Case Example #1 in Appendix A: Demonstrates a benefit of the TST approach by addressing 
false negatives. A WET test that has relatively high within-test variability for a given WET test 
method and has an effect at the IWC approaching the RMD threshold (25 percent in this case 
because it is a chronic WET test) is declared toxic using the TST approach. Using the traditional 
hypothesis testing approach as recommended in the TSD, such test data typically lead to a 
conclusion that the effluent is not toxic (i.e., a false negative). 

Case Example #3 in Appendix A: Demonstrates the benefits of increased within-test 
replication using the TST approach. Increasing the replication before conducting the test, which 
thereby improves the precision and power of the WET test, increases the chances of rejecting the 
null hypothesis and declaring a truly acceptable effluent as non-toxic using the TST approach. 
That increases the ability to prove the negative, i.e., that an effluent is declared not toxic. 
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The TST approach can also be used for ambient toxicity (i.e., receiving water) tests and 
stormwater toxicity testing programs because the TST approach compares two treatments (for 
application of the TST approach to ambient toxicity testing, see Appendix C). 
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4.0 IMPLEMENTING THE TST APPROACH IN WET NPDES PERMITS 
The TST approach is an alternative approach for analyzing and interpreting valid WET data. Use 
of the TST approach does not result in any changes to EPA’s WET test methods. WET limits are 
simpler to communicate and understand (for example permit language for acute and chronic 
WET monitoring using the TST statistical analysis approach, see Appendix D) than the TSD 
approach. EPA recommends that permitting authorities decide up front which approach (the 
1991 TSD approach, the TST approach, or another scientifically defensible approach that is 
sufficient to meet the statutory and regulatory requirements) they will incorporate and 
consistently use in their state’s NPDES implementation procedures, including their RP 
procedures. The permitting authority should use the selected WET statistical approach 
consistently in all of their state NPDES permits. 

4.1 Reasonable Potential (RP) WET Analysis 
NPDES permitting authorities conducting an RP analysis must follow Title 40 of the Code of 
Federal Regulations (CFR) section 122.44(d)(1) to determine whether a discharge will “cause, 
have the [RP] to cause, or contribute to” an excursion of a numeric criterion or a narrative WET 
criterion. Some states have state-specific WET RP approaches in their water quality control plan 
or other NPDES policy or guidance. 

For RP calculations using the TST approach, EPA recommends that permitting authorities use all 
valid WET test data generated during the current permit term and any additional valid data that 
are submitted as part of the permit renewal application. The TST RP approach necessitates 
having at least a minimum of four valid WET tests to address effluent representativeness (see 
EPA’s TSD, Chapter 3, p. 57, under Step 2 in the section Steps in Whole Effluent 
Characterization Process). EPA also recommends that states request that their permittees 
provide the actual test endpoint responses for the control (i.e., control mean) and IWC 
concentration (i.e., IWC mean) for each WET test conducted to make it easier for permit writers 
to find the necessary WET test results when determining WET RP. WET test data are then 
analyzed according to the TST approach using the IWC and control test concentrations for all the 
valid WET test data available. For data sets with fewer than four valid WET data points, RP 
should be assessed using EPA’s TSD RP approach because it addresses small WET data sets by 
incorporating an RP multiplying factor (see Section 3.3.2 of the TSD, p. 54) to account for 
effluent variability in small WET data sets. If WET test data are available and the TST statistical 
approach indicates that the IWC is toxic in any WET test, RP has been demonstrated (40 CFR 
122.44(d)(1)(i)). Similar to the TSD approach, the TST approach can establish the existence of 
RP for WET even when no tests have been declared toxic using the TST to address concerns 
regarding the “potential to cause or contribute to toxicity.” Appendix E presents the approach 
used to determine RP using the TST approach. 

Note that using the TST approach might be to the permittee’s advantage. If the permittee decides 
to incorporate additional replicates for the control and the IWC within a WET test, beyond the 
minimum required in the WET test method, the test power is increased. More test replicates 
increases test power, which means a higher probability of declaring a sample as non-toxic using 
the TST approach if the effluent is truly non-toxic. A demonstration is provided in Appendix A 
(Case Example #3), which illustrates that as an intended consequence of the TST approach 
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methodology. Thus, using the TST approach, a permittee has a greater ability to prove the 
negative (i.e., their effluent does not have RP). 

In those cases where the WET RP outcome is yes, a WET limit is expressed in the permit. In 
those situations where the RP outcome is no, WET monitoring requirements should still be 
incorporated in the permit. Also in the permit, a test result of Fail (i.e., sample declared toxic) 
during monitoring, would trigger additional steps in the permit. In either of those situations— 
either a WET limit or a WET monitoring requirement, if toxicity is demonstrated—states should 
specify an approach to address toxicity in the permit. Doing so often includes increased 
frequency of WET testing and additional permit requirements to perform a toxicity reduction 
evaluation. 

4.2 NPDES WET Permit Limits 
Using the TST approach, WET NPDES permit limits would be expressed as no significant 
toxicity of the effluent at the IWC using the TST analysis approach. A test result of Pass is when 
the calculated t value is greater than the critical t value. A test result of Fail is when the 
calculated t value is less than the critical t value. 

Beyond assessing WET data for the NPDES Program, WET tests are used to assess toxicity of 
receiving water (watershed assessment for CWA section 303(d) determinations) and stormwater 
samples. Often as a first assessment of receiving or stormwater toxicity, researchers test a control 
and a single concentration (e.g., 100 percent receiving water or stormwater). In such cases, the 
TST approach can be used in the same way a t-test is used. Such analysis is used to determine 
whether organism response in a specified ambient concentration is significantly different than the 
control organism response (for further information, see Appendix C). 
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5.0 	RECOMMENDATIONS FOR NPDES IMPLEMENTATION OF THE 
TST APPROACH 

5.1 	 EPA Regions and NPDES States (Permitting Authorities) 
Permitting authorities should consider adding the TST approach to their implementation 
procedures for analyzing valid WET data for their current NPDES WET Program. Permitting 
authorities should consider the practical programmatic shift from the traditional hypothesis 
testing approach to the TST approach by opening a dialogue with their regulated community. In 
addition, they might want to begin to identify what changes might be needed to assimilate the 
TST approach into any regulations, policy, guidance, and training within their respective NPDES 
WET Programs. EPA also recommends that permitting authorities decide up front which RP 
approach (the 1991 TSD approach, the TST approach, or another scientifically defensible 
approach that is sufficient to meet the statutory and regulatory requirements) the permitting 
authority will incorporate and consistently use in their state’s NPDES implementation 
procedures. The permitting authority should then use the WET statistical approach (either the 
TSD approaches or the TST data analysis approach) selected throughout all its state NPDES 
permits. Again, the traditional hypothesis testing approach recommended in EPA’s TSD is still 
considered valid as applied; however, that approach can now be advanced through the TST 
approach by providing new incentives to permittees to generate valid, high quality WET data. 

The RMDs incorporated into the TST approach were selected on the basis of considerable 
research and analysis involving several of the EPA WET test methods. Lower b values (i.e., for 
chronic test methods using a 0.70 instead of 0.75 b is unacceptable) are not recommended 
because it would mean that a lower fraction of test control response (i.e., greater effect at the 
IWC) is considered acceptable. EPA chose the acute and chronic b values to minimize effects on 
aquatic ecosystems. Likewise, the alpha values identified by EPA using the TST approach were 
determined on the basis of the predetermined b values and therefore should not be altered. 

The permitting authority should consider carefully how the TST approach will be implemented 
in NPDES permits. Example permit language is shown in Appendix D. In consideration of 
maintaining NPDES WET Program implementation consistency, the TST approach should be 
used in place of, and not in addition to, the traditional hypothesis testing (NOEC) approach for 
WET analysis. 

5.2 	NPDES Permittees 
One of the intended benefits of the TST approach is that increasing the precision and power of 
the WET test increases the chances of declaring a truly acceptable effluent as non-toxic. The 
permittee has greater control over the interpretation of WET test results using the TST approach 
because the RMDs are transparent, and the level of WET data quality needed to obtain 
unequivocal results can be determined beforehand. For example, conducting tests with more test 
replicates improves the power of the WET test, which can then support and provide a defensible 
basis for a permittee’s demonstration that its effluent is acceptable (i.e., in compliance with the 
permit) if the mean effect is truly within the RMDs as defined in the TST approach. Using the 
TST approach, there is a lower rate of WET tests declared toxic for tests that are truly acceptable 
because of the increased power of the WET test when the permittee increases its number of 

15
 



 

 

 

NPDES Test of Significant Toxicity Implementation Document June, 2010 

replicates in a WET test or achieves better replication within a test through improved test method 
performance. Thus, the TST approach increases the ability of the permittee to prove the negative, 
that the effluent is non-toxic if it is truly acceptable. Where a permittee has concerns about WET 
data quality, EPA recommends increasing the number of replicates in tests, even if the permitting 
authority has not yet adopted the TST approach. 

16
 



 

 

 
 

 
 

 
 

 

  
  

  
 

 
  

 
  

 

 
 

 

NPDES Test of Significant Toxicity Implementation Document 	 June, 2010 

6.0 SUMMARY OF THE TST APPROACH 
EPA’s TSD approaches are valid and can still be used by EPA Regions and their NPDES states. 
The TST approach is another statistical option for analyzing valid WET test data. The TST 
approach can be applied to acute (survival) and chronic (sublethal) endpoints and is appropriate 
to use for both freshwater and marine EPA WET test methods. The TST approach requires no 
more time or expertise than is presently expended when using the TSD hypothesis testing 
statistical approach and can be used with a well-recognized statistical test. Below is a brief 
outline of both the TST and TSD hypothesis testing approaches relevant to the information in 
this document and a short list of the benefits derived when using the TST approach. 

TST Approach 
•	 Considered additional guidance only—TST is a statistical approach for analyzing WET 

test data as an alternative option to the traditional hypothesis testing approach provided in 
EPA’s TSD 

•	 Expresses NPDES WET permit limit “as no significant toxicity of the effluent at the in-
stream waste concentration” using the TST analysis approach 

•	 Provides a positive incentive to NPDES permittees to generate valid, high quality WET 
data to the permitting authority by improving test performance or increasing the number 
of replicates within a WET test (which increases statistical power of WET test) 

•	 Addresses both false negative (declared non-toxic when actually toxic) and false positive 
(declared toxic when actually non-toxic) error rates in a WET test 

Traditional Hypothesis Test (EPA TSD) 
•	 Existing approaches remain valid and can still be used by NPDES permitting authorities 
•	 In existing guidance, WET permit limits are expressed as no observed effect 


concentration (NOEC) at the IWC
 

•	 Provides relatively less incentive to permittees to generate high quality valid, WET data 
or to increase the number of replicates within a WET test to increase statistical power of a 
WET test 

•	 False negative error rate in a WET test is not addressed 

Benefits When Using the TST Approach in WET Data Analysis 
•	 The TST approach is similar to statistical concepts used in other EPA programs and at 

other federal agencies 
•	 Transparent RMDs. RMDs are transparent because they are incorporated into the WET 

data analysis process, e.g., what effect level is considered toxic and what effect level is 
considered acceptable. 

•	 WET test method-specific alpha and beta error rates. Both error rates are directly 
incorporated into the TST statistical approach, thereby increasing confidence in WET test 
interpretation. 

•	 High quality WET test data incentive. Provides a positive incentive for the permittee to 
generate valid, high quality WET data; better test performance (lower within-test 

17
 



 

 
 

  

 

 

NPDES Test of Significant Toxicity Implementation Document 	 June, 2010 

variability) helps ensure appropriate WET decisions using the TST approach (e.g., a truly 
acceptable effluent will be declared non-toxic). 

•	 Streamlined, simpler statistical analysis. Flowchart for analyzing valid WET data under 
the TST approach is much simpler because fewer statistical tests are needed. 

•	 RP analysis is simpler. Because the calculation of the individual test result, using the 
TST statistical approach, incorporates both error rates in the analysis, the RP 
determinations can rely on a direct calculation of the percent effect at the IWC.  Thus, the 
RP procedures are much simpler to use than the RP statistical procedures recommended 
in the TSD. 
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APPENDIX A: STEP-BY-STEP PROCEDURES FOR ANALYZING VALID 

WET DATA USING THE TST APPROACH 


The following is a step-by-step guide for using the TST approach to analyze valid WET data for 
the NPDES Program. This guide is applicable for a two-concentration valid WET data analysis 
of an in-stream waste concentration (IWC) or a receiving water concentration (RWC) compared 
to a control concentration. For further information regarding conducting WET tests and proper 
quality assurance/quality control needed, see the EPA WET test method manuals. Refer to the 
flowchart shown in Figure A-1 in this appendix as you proceed through this guide. 

Step 1: Conduct WET test following procedures in the appropriate EPA WET test method 
manual. That includes following all test requirements specified in the method (USEPA 1995 for 
chronic west coast marine methods, USEPA 2002a for chronic freshwater test methods, USEPA 
2002b for chronic east coast marine test methods, and USEPA 2002c for acute freshwater and 
marine WET test methods). 

Step 2: For each test endpoint specified in the WET test method manual (e.g., survival and 
reproduction for the Ceriodaphnia chronic WET test method), follow Steps 3–7 below. Note that 
the guide refers to an effluent concentration tested, which is assumed to be the IWC as specified 
in the permit or a receiving water concentration for ambient testing. For example, if no mixing 
zone is allocated, the IWC is 100 percent effluent. 

Note: If there is no variance (i.e., zero variance) in the endpoint in both concentrations being 
compared (i.e., all replicates in each concentration have the same exact response), then skip the 
remaining steps in the flowchart and do the following. Compute the percent difference between 
the control and the other concentration (e.g., IWC) and compare the percent difference against 
the RMD values of 25% for chronic and 20% for acute endpoints.  Percent mean effect is 
calculated as: 

Mean Control Response − Mean Response at IWC% Effect at IWC = ×100
Mean Control Response 

If the percent mean response is > the RMD, the sample is declared toxic and the test is “Fail”. If 
the percent mean response is < the RMD, the sample is declared non-toxic and the test is “Pass”. 

Step 3: For data consisting of proportions from a binomial (response/no response; live/dead) 
response variable, the variance within the ith treatment is proportional to Pi (1 – Pi), where Pi is 
the expected proportion for the treatment. That clearly violates the homogeneity of variance 
assumption required by parametric procedures such as the TST procedure because the existence 
of a treatment effect implies different values of Pi for different treatments, i. Also, when the 
observed proportions are based on small samples, or when Pi is close to zero or one, the 
normality assumption might be invalid. The arcsine square root (arcsine ) transformation is 
used for such data to stabilize the variance and satisfy the normality requirement. The square root 
of percent data (e.g., percent survival, percent fertilization), expressed as a decimal fraction 
(where 1.00 = 100 percent) for each treatment, is first calculated. The square root value is then 

A-3 




    

 
 

 

 

 

 

 
 

 

   

 

 

 

 

 

NPDES Test of Significant Toxicity Implementation Document June, 2010 

arcsine transformed before analysis in Step 4. Note: Excel and most statistical software packages 
can calculate arcsine values. 

Step 4: Conduct Welch’s t-test (Zar 1996) using Equation 1: 

Yt − b ×YcEquation 1 t = 
2 2 2St b Sc+ 

n nt c 

where 
Yc  = Mean for the control 

Yt  = Mean for the IWC 

Sc
2  = Estimate of the variance for the control 

St
2  = Estimate of the variance for the IWC 

nc  = Number of replicates for the control 

nt  = Number of replicates for the IWC 

b = 0.75 for chronic test methods; 0.80 for acute test methods 

Note on the use of Welch’s t-test: Welch’s t-test is appropriate to use when there are an unequal 
number of replicates between control and the IWC.  When sample sizes of the control and 
treatment are the same (i.e., nt = nc), Welch’s t-test is equivalent to the usual Student’s t-test (Zar 
1996). 

Step 5: Adjust the degrees of freedom (df) using Equation 2: 
2 2 2St b Sc 2( + )

n nt cEquation 2 υ = 2 2 2S b St 2 c 2( ) ( )
n nt c+ 

n − 1 n − 1t c 

For tests using Welch’s t-test, df is the value obtained for v in Equation 2 above. Because v is 
most likely a non-integer, round v to the next smallest integer, and that number is the df. 

Step 6: Using the calculated t value from Step 4, compare that t value with the critical t value 
table in Appendix B using the test method-specific alpha values shown in Table A-1. To obtain 
the correct critical t value, look across the table for the alpha value that corresponds to the WET 
test method (for the alpha value, see Appendix A, Table A-1) and then look down the table for 
the appropriate df. 

Step 7: If the calculated t value is less than the critical t value, the IWC is declared toxic and the 
test result is Fail. If the calculated t value is greater than the critical t value, the IWC is not 
declared toxic and the test result is Pass. 
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Conduct WET test 

Apply arcsine square root transformation for percent data 
(e.g., survival); do not transform other types of WET data 

(e.g., growth or reproduction) 

Calculate t value using 

TST Welch’s t-test 


Calculated t value > critical t value? 

“Pass” “Fail” 

IWC is NOT Toxic IWC IS Toxic 

Figure A-1. Statistical flowchart for analyzing valid WET data using the TST approach for control and  the 
IWC, receiving water, or stormwater. 
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Table A-1. Summary of alpha (α) levels or false negative rates recommended for different WET test 
methods using the TST approach 

EPA WET test method b value 

Probability of declaring a 
toxic effluent non-toxic 
False negative (α) errora 

Chronic Freshwater and East Coast Methods 
Ceriodaphnia dubia (water flea) survival and 
reproduction 

0.75 0.20 

Pimephales promelas (fathead minnow) survival 
and growth 

0.75 0.25 

Selenastrum capricornutum (green algae) growth 0.75 0.25 
Americamysis bahia (mysid shrimp) survival and 
growth 

0.75 0.15 

Arbacia punctulata (Echinoderm) fertilization 0.75 0.05 
Cyprinodon variegatus (Sheepshead minnow) and 
Menidia beryllina (inland silverside) survival and 
growth 

0.75 0.25 

Chronic West Coast Marine Methods 
Dendraster excentricus and Strongylocentrotus 
purpuratus (Echinoderm) fertilization 

0.75 0.05 

Atherinops affinis (topsmelt) survival and growth 0.75 0.25 
Haliotis rufescens (red abalone), Crassostrea gigas 
(oyster), Dendraster excentricus, 
Strongylocentrotus purpuratus (Echinoderm) and 
Mytilus sp (mussel) larval development methods 

0.75 0.05 

Macrocystis pyrifera (giant kelp) germination and 
germ-tube length 

0.75 0.05 

Acute Methods 
Pimephales promelas (fathead minnow), 
Cyprinodon variegatus (Sheepshead minnow), 
Atherinops affinis (topsmelt), Menidia beryllina 
(inland silverside) acute survivalb 

0.80 0.10 

Ceriodaphnia dubia, Daphnia magna, Daphnia 
pulex, Americamysis bahia acute survivalb 

0.80 0.10 

Notes: 
a. (1) declare a sample toxic at least 75 percent of the time (alpha < 0.25) when there is unacceptable toxicity (20 
percent effect for acute and 25 percent effect for chronic test methods) and (2) declare an effluent non-toxic no more 
than 5 percent of the time (beta < 0.05) when the mean effect at the critical effluent concentration is 10 percent for 
both acute and chronic WET tests (including sublethal endpoints). For more discussion on the RMDs, see Section 2.1 
of this document. 
b. Based on four replicate test design 
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Case Example 1: Chronic Ceriodaphnia Reproduction 

Test with High Within-Test Variability 


Step 1: Conduct WET test 
Replicate/statistic Control Treatment 
1 27 32 
2 38 28 
3 27 25 
4 34 28 
5 37 20 
6 35 15 
7 30 27 
8 31 31 
9 36 31 
10 39 30 
Mean 33.4 26.7 
Std. deviation 4.402 5.417 
N (# of replicates) 10 10 

Step 2: Follow Steps 3–7 for each endpoint required in the test method 
The following example is for chronic Ceriodaphnia dubia reproduction endpoint only. 

Step 3: Transform data using an arcsine square root transformation, if necessary 
Not necessary because reproduction is not percent data. 

Step 4: Conduct Welch’s t-test 

Yt − b ∗ Yc 26.7 − (0.75× 33.4)t = = = 0.82 
2 2 2St b2Sc 29.34 (0.75) (19.38)
+ + 

nt nc 10 10 

Step 5: Adjust the df 
2 2⎛ St 

2 b Sc 
2 ⎞

2 
⎛ 29.34 (0.75) (19.38) ⎞

2 

⎜⎜ + ⎟⎟ ⎜⎜ + ⎟⎟ n n 10 10⎝ t c ⎠ ⎝ ⎠v = = = 152 2 22 2 2 2 2⎛ St ⎞ ⎛ b Sc ⎞ ⎛ 29.34 ⎞ ⎛ (0.75) (19.38) ⎞
 
⎜⎜ ⎟⎟ ⎜⎜ ⎟⎟ ⎜ ⎟ ⎜⎜ ⎟⎟
 
⎝ nt ⎠ ⎝ nc ⎠ ⎝ 10 ⎠ ⎝ 10 ⎠


+ + 
n −1 n −1 10 −1 10 −1 

t c 

Step 6: Calculated t value > critical t value? 15 df and test method alpha = 0.20 (Table A-1) 
Critical t value = 0.87 
0.82 < 0.87 

Step 7: Declare effluent toxic or not 
Calculated t < critical t value. Therefore, effluent is declared toxic; test result is FAIL. 
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Case Example 2: Chronic Ceriodaphnia Reproduction 

Test with Low Within-Test Variability 


Step 1: Conduct WET test 
Replicate/statistic Control Treatment 
1 29 31 
2 38 28 
3 31 25 
4 34 28 
5 36 22 
6 35 21 
7 30 27 
8 31 26 
9 36 29 
10 34 30 
Mean 33.4 26.7 
Std. deviation 2.989 3.268 
N (# of replicates) 10 10 

Step 2: Follow Steps 3–7 for each endpoint required in the test method 
The following example is for chronic Ceriodaphnia dubia reproduction endpoint only. 

Step 3: Transform data using an arcsine square root transformation, if necessary 
Not necessary because reproduction is not percent data. 

Step 4: Conduct Welch’s t-test 

Yt − b × Yc 26.7 − (0.75× 33.4)t = = = 1.32 
2 2 2St + 

b2Sc 10.68 
+ 

(0.75) (8.93) 
nt nc 10 10 

Step 5: Adjust the df 

⎛ 2 2 2 ⎞ ⎛ ⎞
⎜ St b Sc ⎟ 

2 
⎜ 10.68 (0.75)2(8.93) ⎟ 

2 
+ +⎜ ⎟ ⎜ ⎟nt nc 10 10

⎝ ⎠ ⎝ ⎠v = = = 16
2 2 2

⎛ 2 ⎞ ⎛ 2 2 ⎞ ⎛ ⎞
⎜ St ⎟ ⎜ b Sc ⎟ 2 ⎜ (0.75)2 (8.93) ⎟⎛ 10.68 ⎞
⎜ ⎟ ⎜ ⎟ ⎜ ⎟ ⎜ ⎟nt nc 10
⎝ ⎠ ⎝ ⎠ ⎝ 10 ⎠ + ⎝ ⎠+ 

nt − 1 nc − 1 10 − 1 10 − 1 

Step 6: Calculated t value > critical t value? 16 df and test method alpha = 0.20 (Table A-1) 
Critical t value = 0.86 
1.32 > 0.86 

Step 7: Declare effluent toxic or not 
Calculated t > critical t value. Therefore, effluent is declared Non-Toxic; test result is 
PASS. 
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Case Example 3: Benefit of Increased Replication in Chronic Fish 

Growth Test with Low Mean Effect and High Within-Test Variability
 

Step 1: Conduct WET test Step 1: Conduct WET test 

Replicate/statistic Control Treatment 
1 0.366 0.303 
2 0.399 0.379 
3 0.354 0.311 
4 0.422 0.236 
Mean 0.385 0.307 
Std. deviation 0.031 0.058 
N (# of replicates) 4 4 

Step 2: Follow Steps 3–7 for each endpoint 
required in the test method 
Step 3: Transform data using an arcsine square 
root transformation, if necessary 
Not necessary because growth is not percent data. 
Step 4: Conduct Welch’s t-test 

Y − b ×Yt = t c 
2 2 2St b Sc+ 

n nt c 

0.307 − (0.75 × 0.385)
= = 0.58
 

⎛ 0.00342 (0.75)2 (0.00096) ⎞
 
⎜⎜ + ⎟⎟ 4 4⎝ ⎠ 

Step 5: Adjust the df 
2⎛ 2 2 2 ⎞

⎜ St + 
b Sc ⎟
 

⎜ ⎟
nt nc⎝ ⎠
v = 
2 2


⎛ 2 ⎞ ⎛ 2 2 ⎞
⎜ St ⎟ ⎜ b Sc ⎟
 
⎜ ⎟ ⎜ ⎟
nt nc⎝ ⎠ ⎝ ⎠+ 

nt − 1 nc − 1 

⎛ ⎞
⎜ 0.00342 (0.75)2 (0.00096) ⎟ 

2 
+⎜ ⎟
 

⎝ ⎠
4 4 
= = 4
 

⎛ ⎞
2 ⎜ (0.75)2 (0.00096) ⎟ 
2 

⎛ 0.00342 ⎞
 
4
⎜ ⎟ ⎜ ⎟
 

⎝ 4 ⎠ ⎝ ⎠
+
4 − 1 4 − 1 

Step 6: Calculated t value > critical t value? 4 df, 
alpha = 0.25 (Table A-1); Critical t value = 0.74 
0.58 < 0.74 

Step 7: Effluent is declared toxic, test result is 
FAIL. 

Replicate/statistic Control Treatment 
1 0.366 0.303 
2 0.399 0.379 
3 0.354 0.311 
4 0.422 0.236 
5 0.343 0.364 
6 0.407 0.247 
Mean 0.382 0.307 
Std. deviation 0.032 0.058 
N (# of replicates) 6 6 

Step 2: Follow Steps 3–7 for each endpoint 
required in the test method 

Step 3: Transform data using an arcsine square 
root transformation, if necessary 
Not necessary because growth is not percent data. 
Step 4: Conduct Welch’s t-test 

Yt − b ×Yct = 
2 2 2St b Sc+ 

n nt c 

0.307 − (0.75× 0.382)
= = 0.79
 

0.00342 (0.75)2 (0.00101)

+

6 6 
Step 5: Adjust the df 

2⎛ 2 2 2 ⎞
⎜ St + 

b Sc ⎟
 
⎜ ⎟
nt nc⎝ ⎠v = 

2 2
⎛ 2 ⎞ ⎛ 2 2 ⎞

⎜ St ⎟ ⎜ b Sc ⎟
 
⎜ ⎟ ⎜ ⎟
nt nc⎝ ⎠ ⎝ ⎠+ 

nt − 1 nc − 1 

⎛ ⎞
⎜ 0.00342 (0.75)2 (0.00101) ⎟ 

2 
+⎜ ⎟6 6

⎝ ⎠= = 7 
2 ⎜

⎛ (0.75)2 (0.00101) ⎟⎞
2 

⎛ 0.00342 ⎞
⎜ ⎟ ⎜ ⎟6
⎝ 6 ⎠ ⎝ ⎠+

6 − 1 6 − 1 

Step 6: Calculated t value > critical t value? 7 df, 
alpha = 0.25 (Table A-1); Critical t value = 0.71 
0.79 > 0.71 

Step 7: Effluent is declared Non-Toxic; test result 
is PASS. 
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Case Example 4: Fish Acute Toxicity Test Example 

Step 1: Conduct WET test 
Replicate/statistic Control Treatment 
1 10 10 
2 10 8 
3 10 9 
4 10 8 
Mean 10 8.75 
Std. deviation 0.000 0.958 
N (# of replicates) 4 4 

Step 2: Follow Steps 3–7 for each endpoint required in the test method 
The following example is for acute Pimephales promelas survival endpoint only. 

Step 3: Transform data using an arcsine square root transformation 
Replicate/statistic Control Treatment 
1 1.571 1.571 
2 1.571 1.107 
3 1.571 1.249 
4 1.571 1.107 
Mean 1.571 1.259 
Variance 0.000 0.219 
N (# of replicates) 4 4 

Step 4: Conduct Welch’s t-test 

Yt − b ×Yc 1.259 − (0.80 ×1.571)t = = = 0.02 
2 2 2St b2Sc 0.048 (0.80) (0.000)
+ + 

n nt c 4 4 

Step 5: Adjust the df 
2 2

⎛ S 2 b2S 2 ⎞ ⎛ 0.048 (0.80)2 (0.000) ⎞⎜ t c ⎟ 
⎜ + ⎟ ⎜⎜ + ⎟⎟ nt nc 4 4⎝ ⎠ ⎝ ⎠ v = = 2 = 3

2 2 2 2⎛ S 2 ⎞ ⎛ b2S 2 ⎞ ⎛ 0.048 ⎞ ⎛ (0.80) (0.000) ⎞⎜ t ⎟ ⎜ c ⎟ ⎜ ⎟ ⎜⎜ ⎟⎟ ⎜ n ⎟ ⎜ n ⎟ 4⎝ t ⎠ ⎝ c ⎠ ⎝ 4 ⎠ ⎝ ⎠ 
+ + 

nt − 1 nc − 1 4 −1 4 −1 

Step 6: Calculated t value > critical t value? 3 df, alpha = 0.10 (Table A-1) 
Critical t value = 1.64 
0.02 < 1.64 

Step 7: Declare effluent toxic or not 
Therefore, effluent is declared toxic; test result is FAIL. 
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APPENDIX B 


CRITICAL t VALUES FOR THE TEST OF SIGNIFICANT TOXICITY 

APPROACH
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Table B-1. Critical values of the t distribution. One tail probability is assumed. 

Degrees of 
freedom 

Alpha 

0.25 0.20 0.15 0.10 0.05 

1 1 1.3764 1.9626 3.0777 6.3138 

2 0.8165 1.0607 1.3862 1.8856 2.92 

3 0.7649 0.9785 1.2498 1.6377 2.3534 

4 0.7407 0.941 1.1896 1.5332 2.1318 

5 0.7267 0.9195 1.1558 1.4759 2.015 

6 0.7176 0.9057 1.1342 1.4398 1.9432 

7 0.7111 0.896 1.1192 1.4149 1.8946 

8 0.7064 0.8889 1.1081 1.3968 1.8595 

9 0.7027 0.8834 1.0997 1.383 1.8331 

10 0.6998 0.8791 1.0931 1.3722 1.8125 

11 0.6974 0.8755 1.0877 1.3634 1.7959 

12 0.6955 0.8726 1.0832 1.3562 1.7823 

13 0.6938 0.8702 1.0795 1.3502 1.7709 

14 0.6924 0.8681 1.0763 1.345 1.7613 

15 0.6912 0.8662 1.0735 1.3406 1.7531 

16 0.6901 0.8647 1.0711 1.3368 1.7459 

17 0.6892 0.8633 1.069 1.3334 1.7396 

18 0.6884 0.862 1.0672 1.3304 1.7341 

19 0.6876 0.861 1.0655 1.3277 1.7291 

20 0.687 0.86 1.064 1.3253 1.7247 

21 0.6864 0.8591 1.0627 1.3232 1.7207 

22 0.6858 0.8583 1.0614 1.3212 1.7171 

23 0.6853 0.8575 1.0603 1.3195 1.7139 

24 0.6849 0.8569 1.0593 1.3178 1.7109 

25 0.6844 0.8562 1.0584 1.3163 1.7081 

26 0.684 0.8557 1.0575 1.315 1.7056 

27 0.6837 0.8551 1.0567 1.3137 1.7033 

28 0.6834 0.8546 1.056 1.3125 1.7011 

29 0.683 0.8542 1.0553 1.3114 1.6991 

30 0.6828 0.8538 1.0547 1.3104 1.6973 

inf 0.6745 0.8416 1.0364 1.2816 1.6449 
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APPENDIX C 


APPLICATION OF THE TEST OF SIGNIFICANT TOXICITY APPROACH 

TO AMBIENT TOXICITY PROGRAMS
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APPENDIX C: APPLICATION OF THE TST APPROACH TO AMBIENT 

TOXICITY PROGRAMS
 

In ambient and stormwater toxicity testing, a laboratory control and a single concentration (i.e., 
100 percent ambient water or stormwater) are often tested. In these two-concentration WET 
tests, the objective is to determine if a given sample or site water is toxic, as indicated by a 
significantly different organism response compared to the control. In the WET testing design, the 
determination of Pass or Fail (i.e., non-toxic or toxic) is ascertained using a traditional t-test 
(USEPA 2002c). EPA test methods recommend (USEPA 1995, 2002a, 2002b, 2002c) that the 
statistical significance (i.e., Pass/Fail) of a two-sample test design for ambient and stormwater 
toxicity testing be determined only using either a modified t-test (if homogeneity of variance is 
not achieved) or a traditional t-test (if homogeneity of variance is achieved). 

To demonstrate the value of the TST approach in ambient toxicity programs, ambient toxicity 
test data from California’s Surface Water Ambient Monitoring Program (SWAMP) was used for 
409 chronic tests for Ceriodaphnia dubia and 256 chronic tests for Pimephales promelas using 
EPA’s 2002 WET test methods (USEPA 2002a). Valid WET data for each EPA WET test 
method were subjected to the same statistical analyses as described in Section 2 of this 
document. 

Chronic Ceriodaphnia dubia Ambient Toxicity Tests 

Table C-1 summarizes results of the 409 Ceriodaphnia dubia ambient toxicity tests analyzed and 
an α = 0.20 for this test method. Although the majority of the tests examined resulted in the same 
decision using either the TST or the traditional t-test approach, approximately 6 percent of the 
tests (24 tests) would have been declared non-toxic using the traditional t-test approach with 
mean effect levels > 25 percent. In addition, 2 percent of the tests (7 tests) would have been 
declared toxic using the traditional t-test approach at mean effect levels < 15 percent and as low 
as 7 percent. 

Table C-1. Comparison of results of chronic Ceriodaphnia ambient toxicity tests using the TST approach 
and the traditional t-test analysis. α = 0.20 and b value = 0.75 for the TST approach. α = 0.05 for the 
traditional hypothesis testing approach 

Both approaches 
declare toxic 

Only TST declares 
toxic 

Only traditional 
approach declares 

toxic 
Both approaches 
declare non-toxic 

19.8% 5.9% 1.7% 72.6% 

Figure C-1 shows ranges of CV values observed in Ceriodaphnia dubia ambient toxicity tests for 
those samples declared toxic using either the TST approach or the traditional t-test, but not both 
approaches. As expected, within-test variability was relatively high (higher CVs) for those tests 
found non-toxic using a t-test but toxic using the TST approach. The results demonstrate the lack 
of control of false negative rates using the traditional hypothesis testing approach when control 
variability is relatively high. Under those conditions, the traditional t-test did not have the power 
to detect toxicity when it was present. Figure C-1 also demonstrates that the TST approach 
recognizes a negligible effect as non-toxic when within-test variability is relatively low and the 
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mean percent effect is well below the risk management level of 25 percent. Under such 
conditions, the traditional t-test declared some samples toxic using this WET test method, even 
when the mean effect was as little as 7 percent. The TST approach, however, declared all such 
samples non-toxic using the recommended α = 0.20. Thus, the TST approach reduces the 
number of tests declared as toxic when effects are actually well below the risk management 
decision. 

Chronic Ceriodaphnia ambient WET tests that are identified as non-toxic (Pass) using the 
traditional hypothesis approach (NOEC) generally have high within-test variability (high 
control CVs) as compared to using the TST approach. 
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Figure C-1. Range of CV values observed in chronic C. dubia ambient toxicity tests for samples that were 
found to be non-toxic using the standard t-test but toxic using the TST approach (NOEC Pass) and for 
those samples declared toxic using t-test but not the TST approach (TST Pass). California’s SWAMP 
WET test data. 

Similar to the Ceriodaphnia ambient test data, within-test variability was higher in those chronic 
fathead minnow ambient tests found non-toxic using a t-test but toxic using the TST approach 
(Figure C-2). Similarly, those tests declared non-toxic by the TST approach but toxic using t-test 
had lower within-test variability and mean effect levels < 25 percent (Figure C-2). Thus, similar 
to the chronic Ceriodaphnia ambient tests, data from chronic fathead minnow ambient tests 
demonstrate that the TST approach can provide as much protection as the traditional t-test 
approach while also identifying those samples that are truly acceptable from a regulatory 
management decision. 
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Fish ambient WET tests that are identified as non-toxic using the traditional hypothesis 
approach (NOEC) generally have high within-test variability (high control CVs) as 
compared to using the TST approach. 
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Figure C-2. Range of CV values observed in chronic P. promelas ambient toxicity tests for samples that 
were declared to be non-toxic using the standard t-test but toxic using the TST approach (NOEC Pass) 
and for those samples declared toxic using t-test but not the TST approach (TST Pass). California’s 
SWAMP WET test data. 
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APPENDIX D: EXAMPLE NPDES PERMIT LANGUAGE USING THE TST 

APPROACH 

ACUTE WHOLE EFFLUENT TOXICITY (WET) NPDES PERMIT LANGUAGE 

xx. Acute Whole Effluent Toxicity (WET) Requirements 

1. Monitoring Frequency 

The permittee must conduct monthly/quarterly/semiannual acute toxicity tests on 24
hour composite effluent samples. Once each calendar year, at a different time of year 
from the previous years, the permittee must split a 24-hour composite effluent sample and 
concurrently conduct two toxicity tests using a fish and an invertebrate species; the 
permittee must then continue to conduct routine monthly/quarterly/semiannual toxicity 
testing using the single, most sensitive species. 

Acute toxicity test samples must be collected for each point of discharge at the designated 
NPDES sampling station for the effluent (i.e., downstream from the last treatment 
process and any in-plant return flows where a representative effluent sample can be 
obtained). During years 1, 2, 3, 4, and 5 of the permit, a split of each sample must be 
analyzed for all other monitored parameters at the minimum frequency of analysis 
specified by the effluent monitoring program. 

2.	 Freshwater Species and WET Test Methods 

Species and short-term WET test methods for estimating the acute toxicity of NPDES 
effluents are in the fifth edition of Methods for Measuring the Acute Toxicity of Effluents 
and Receiving Waters to Freshwater and Marine Organisms (EPA/821/R-02/012, 2002; 
Table IA, 40 CFR Part 136). The permittee must conduct 96-hour static renewal toxicity 
tests with the following vertebrate and invertebrate species, respectively: 

•	 Vertebrate: The fathead minnow, Pimephales promelas (Acute Toxicity Test Method 
2000.0) 

•	 Invertebrate: The daphnid, Ceriodaphnia dubia (Acute Toxicity Test Method 2002.0) 

3. 	 Acute WET Permit Triggers 

a. 	 There are no acute toxicity effluent limits for this discharge. For this permit, the 
determination of Pass or Fail from a multiple-effluent concentration acute toxicity test 
at the IWC is determined using the Test of Significant Toxicity (TST) approach that 
is described in the National Pollutant Discharge Elimination System Test of 
Significant Toxicity Implementation Document (EPA/833/R-10-003). The acute WET 
permit trigger is any one WET test where a test result is Fail (during the monthly 
reporting period) at the acute in-stream waste concentration (IWC). For this 
discharge, the IWC is XXX percent (e.g., either is 100 percent or an effluent at the 
mixing zone to be determined at the time of permit issuance) effluent. To calculate 
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either a Pass or Fail of a multiple-effluent concentration acute toxicity test at the 
IWC, follow the instructions in Appendix A in the National Pollutant Discharge 
Elimination System Test of Significant Toxicity Implementation Document. A Pass 
result indicates no toxicity of the multiple-effluent concentration test at the IWC, and 
a Fail result indicates toxicity of the multiple-effluent concentration test at the IWC. 
The permittee must report either a Pass or a Fail on the Discharge Monitoring Report 
(DMR) form. If a result is reported as Fail, the permittee must follow Section 6 
(Accelerated Toxicity Testing and TRE/TIE Process) of this permit.

 - OR -

3. 	 Acute WET Permit Limit 

b. 	 There is an acute toxicity effluent limit for this discharge. For this permit, the 
determination of Pass or Fail from a multiple-effluent concentration acute toxicity test 
at the IWC is determined using the Test of Significant Toxicity (TST) approach 
which is described in the National Pollutant Discharge Elimination System Test of 
Significant Toxicity Implementation Document (EPA/833-R-10-003). The acute WET 
permit trigger is any one WET test where a test result is Fail (during the monthly 
reporting period) at the chronic in-stream waste concentration (IWC). For this 
discharge, the IWC is XXX percent (e.g., either is 100 percent or an effluent at the 
mixing zone to be determined at time of permit issuance) effluent. To calculate either 
a Pass or Fail of the multiple-effluent concentration acute toxicity test at the IWC, 
follow the instructions in Appendix A in the National Pollutant Discharge 
Elimination System Test of Significant Toxicity Implementation Document. A Pass 
result indicates no toxicity of the multiple-effluent concentration at the IWC and a 
Fail result indicates toxicity of the multiple-effluent concentration test at the IWC. 
The permittee must report either a Pass or a Fail on the DMR form. If a result is 
reported as Fail, the permittee must follow Section 6 (Accelerated Toxicity Testing 
and TRE/TIE Process) of this permit. 

4. 	 Quality Assurance – EPA WET Test Methods 

a.	 Quality assurance measures, instructions, and other recommendations and 
requirements are in the EPA 2002 WET test methods manual previously referenced. 

b.	 This permit is subject to a determination of Pass or Fail from a multiple-effluent 
concentration acute toxicity test at the IWC (for statistical flowchart and procedures, 
see Appendix A, Figure A-1 of the National Pollutant Discharge Elimination System 
Test of Significant Toxicity Implementation Document). The acute in-stream waste 
concentration (IWC) for this discharge is XXX percent effluent. 

c. 	 Effluent dilution water and control water should be prepared and used as specified in 
the EPA WET test methods manual Methods for Measuring the Acute Toxicity of 
Effluents and Receiving Waters to Freshwater and Marine Organisms (EPA/821/R
02/012, 2002). 
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d. 	 If organisms are not cultured in-house, concurrent testing with a reference toxicant 
must be conducted. If organisms are cultured in-house, monthly reference toxicant 
testing is sufficient. Reference toxicant tests and effluent toxicity tests must be 
conducted using the same test conditions (e.g., same test duration). 

e. 	 If either the reference toxicant or effluent toxicity tests do not meet all test 
acceptability criteria in the EPA WET test methods manual, the permittee must 
resample and retest within 14 days. 

f.	 If the discharged effluent is chlorinated, chlorine must not be removed from the 
effluent sample before toxicity testing without written approval by the permitting 
authority. 

5. 	 Initial Investigation TRE Work Plan 

Within 90 days of the permit effective date, the permittee must prepare and submit to the 
permitting authority a copy of its Initial Investigation Toxicity Reduction Evaluation 
(TRE) Work Plan (1–2 pages) for review. That plan must include steps the permittee 
intends to follow if toxicity is measured above an acute WET permit limit or trigger and 
should include the following, at minimum: 

a.	 A description of the investigation and evaluation techniques that would be used to 
identify potential causes and sources of toxicity, effluent variability, and treatment 
system efficiency. 

b.	 A description of methods for maximizing in-house treatment system efficiency, good 
housekeeping practices, and a list of all chemicals used in operations at the facility. 

c.	 If a Toxicity Identification Evaluation (TIE) is necessary, an indication of who would 
conduct the TIEs (i.e., an in-house expert or outside contractor). 

6. 	 Accelerated Toxicity Testing and TRE/TIE Process 

a.	 If an acute WET permit limit or trigger is exceeded and the source of toxicity is 
known (e.g., a temporary plant upset), the permittee must conduct one additional 
toxicity test using the same species and EPA WET test method. This WET test must 
begin within 14 days of receipt of WET test results exceeding an acute WET permit 
limit or trigger. If the additional toxicity test does not exceed an acute WET permit 
limit or trigger, the permittee may return to the regular testing frequency. 

b.	 If an acute WET permit limit or trigger is exceeded and the source of toxicity is not 
known, the permittee must conduct six additional toxicity tests using the same species 
and EPA WET test method, approximately every two weeks, over a 12-week period. 
This testing must begin within 14 days of receipt of WET test results exceeding an 
acute WET permit limit or trigger. If none of the additional toxicity tests exceed an 
acute WET permit limit or trigger, the permittee may return to the regular testing 
frequency. 
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c.	 If one of the additional toxicity tests (in paragraphs 6.a or 6.b) exceeds an acute WET 
permit limit or trigger, within 14 days of receipt of this WET test result, the permittee 
must initiate a TRE using, according to the type of treatment facility, EPA WET TRE 
manual, Toxicity Reduction Evaluation Guidance for Municipal Wastewater 
Treatment Plants (EPA/833/B-99/002, 1999) or EPA WET TRE manual, Generalized 
Methodology for Conducting Industrial Toxicity Reduction Evaluations (EPA/600/2
88/070, 1989). In conjunction, the permittee must develop and implement a Detailed 
TRE Work Plan that must consist of the following: further actions undertaken by the 
permittee to investigate, identify, and correct the causes of toxicity; actions the 
permittee will take to mitigate the effects of the discharge and prevent the recurrence 
of toxicity; and a schedule for such actions. 

d.	 The permittee may initiate a TIE as part of a TRE to identify the causes of toxicity 
using the same species and EPA WET test method and, as guidance, EPA WET 
TIE/TRE method manuals: Methods for Aquatic Toxicity Identification Evaluations: 
Phase I Toxicity Characterization Procedures (EPA/600/6-91/003, 1991); Methods 
for Aquatic Toxicity Identification Evaluations, Phase II Toxicity Identification 
Procedures for Samples Exhibiting Acute and Chronic Toxicity (EPA/600/R-92/080, 
1993); Methods for Aquatic Toxicity Identification Evaluations, Phase III Toxicity 
Confirmation Procedures for Samples Exhibiting Acute and Chronic Toxicity 
(EPA/600/R-92/081, 1993). 

7. 	 Reporting of Acute Toxicity Monitoring Results 

a.	 The permittee must submit a full laboratory report for all toxicity testing as an 
attachment to the Discharge Monitoring Report (DMR) for the month in which the 
toxicity test was conducted; the laboratory report must contain the following: the 
toxicity test results, the dates of sample collection and initiation of each toxicity test; 
all results for effluent parameters monitored concurrently with the toxicity test(s); and 
progress reports on TRE/TIE investigations. 

b.	 The permittee must provide the actual test endpoint responses for the control (i.e., 
control mean) and IWC concentration (i.e., IWC mean) for each WET test conducted 
to make it easier for permit writers to find the necessary WET test results when 
determining WET RP. 

c.	 The permittee must notify the permitting authority in writing within 14 days of 
exceedance of an acute WET permit limit or trigger. Such notification must describe 
actions the permittee has taken or will take to investigate, identify, and correct the 
causes of toxicity; the status of actions required by this permit; and schedule for 
actions not yet completed; or reason(s) that no action has been taken. 

8.	 Permit Reopener for Acute Toxicity 

In accordance with 40 CFR Parts 122 and 124, this permit may be modified to include 
effluent limitations or permit conditions to address acute toxicity in the effluent or 
receiving waterbody, as a result of the discharge; or to implement new, revised, or newly 
interpreted water quality standards applicable to acute toxicity. 
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CHRONIC WET NPDES PERMIT LANGUAGE 


xx. Chronic Whole Effluent Toxicity (WET) Requirements 

1. Monitoring Frequency 

The permittee must conduct monthly/quarterly/semiannual chronic toxicity tests on 24
hour composite effluent samples. Once each calendar year, at a different time of year 
from the previous years, the permittee must split a 24-hour composite effluent sample and 
concurrently conduct three toxicity tests using a fish, an invertebrate, and an alga species; 
the permittee must continue to conduct routine monthly/quarterly/semiannual toxicity 
testing using the single, most sensitive species. 

Chronic toxicity test samples must be collected for each point of discharge at the 
designated NPDES sampling station for the effluent (i.e., downstream from the last 
treatment process and any in-plant return flows where a representative effluent sample 
can be obtained). During years 1, 2, 3, 4, and 5 of the permit, a split of each sample must 
be analyzed for all other monitored parameters at the minimum frequency of analysis 
specified by the effluent monitoring program. 

2.	 Freshwater Species and EPA WET Test Methods 

Species and short-term EPA WET test methods for estimating the chronic toxicity of 
NPDES effluents are in the fourth edition of Short-term Methods for Estimating the 
Chronic Toxicity of Effluents and Receiving Waters to Freshwater Organisms 
(EPA/821/R-02/013, 2002; Table IA, 40 CFR Part 136). The permittee must conduct 
static renewal toxicity tests with the following: 

•	 Fathead minnow, Pimephales promelas (Larval Survival and Growth Test Method 
1000.0) 

•	 Daphnid, Ceriodaphnia dubia (Survival and Reproduction Test Method 1002.0);  

•	 Green alga, Selenastrum capricornutum (also named Raphidocelis subcapitata) 
(Growth Test Method 1003.0). 

3. 	 Chronic WET Permit Triggers 

a.	 There are no chronic toxicity effluent limits for this discharge. The chronic WET 
permit trigger is any one WET test (either biological endpoint of survival or 
sublethal) where a test result is Fail (during the monthly reporting period) at the 
chronic in-stream waste concentration (IWC). For this discharge, the IWC is XXX 
percent (e.g., either is 100 percent or an effluent at the mixing zone to be determined 
at time of permit issuance) effluent. To calculate either a Pass or Fail of the multiple-
effluent concentration chronic toxicity test at the IWC, follow the instructions in 
Appendix A in the National Pollutant Discharge Elimination System Test of 
Significant Toxicity Implementation Document (EPA/833-R-10-003). A Pass result 
indicates no toxicity at the IWC, and a Fail result indicates toxicity at the IWC. The 
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permittee must report either a Pass or a Fail on the DMR form. If a result is reported 
as Fail, the permittee must follow Section 7 (Reporting of Chronic Toxicity 
Monitoring Results) of this permit.

 - OR -

3. 	 Chronic WET Permit Limits 

b.	 There is a chronic toxicity effluent limit for this discharge. The chronic WET permit 
trigger is any one WET test (either biological endpoint of survival or sublethal) where 
a test result is Fail (during the monthly reporting period) at the chronic in-stream 
waste concentration (IWC). For this discharge, the IWC is XXX percent (e.g., either 
is 100 percent or an effluent at the mixing zone to be determined at time of permit 
issuance) effluent. To calculate either a Pass or Fail of the multiple-effluent 
concentration chronic toxicity test at the IWC, follow the instructions in Appendix A 
in the National Pollutant Discharge Elimination System Test of Significant Toxicity 
Implementation Document (EPA/833-R-10-003). A Pass result indicates no toxicity at 
the IWC, and a Fail result indicates toxicity at the IWC. The permittee must report 
either a Pass or a Fail on the DMR form. If a result is reported as Fail, the permittee 
must follow Section 7 (Reporting of Chronic Toxicity Monitoring Results) of this 
permit. 

4. 	 Quality Assurance – EPA WET Test Methods 

a. 	 Quality assurance measures, instructions, and other recommendations and 
requirements are in the EPA WET test methods manual previously referenced in this 
permit. 

b. 	 This permit is subject to a determination of Pass or Fail from a multiple-effluent 
concentration chronic toxicity test at the IWC (for statistical flowchart and 
procedures, see National Pollutant Discharge Elimination System Test of Significant 
Toxicity Implementation Document, Appendix A, Figure A-1). The chronic in-stream 
waste concentration (IWC) for this discharge is XXX percent (e.g., either is 100 
percent or an effluent at the mixing zone to be determined) effluent. 

c.	 Effluent dilution water and control water should be standard synthetic dilution water 
as described in the EPA WET test methods manual, Short-term Methods for 
Estimating the Chronic Toxicity of Effluents and Receiving Waters to Freshwater 
Organisms (EPA/821/R-02/013, 2002). If the dilution water is different from test 
organism culture water, a second control using culture water must also be used. 

d.	 If organisms are not cultured in-house, concurrent testing with a reference toxicant 
must be conducted. If organisms are cultured in-house, monthly reference toxicant 
testing is sufficient. Reference toxicant tests and effluent toxicity tests must be 
conducted using the same test conditions (e.g., same test duration). 
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e.	 If either the reference toxicant or effluent toxicity tests do not meet all test 
acceptability criteria in the EPA WET test methods manual, the permittee must 
resample and retest within 14 days. 

f.	 Following Paragraph 10.2.6.2 of the freshwater EPA WET test methods manual, all 
chronic toxicity test results from the multi-concentration tests required by this permit 
must be reviewed and reported according to EPA guidance on the evaluation of 
concentration-response relationships in Method Guidance and Recommendations for 
Whole Effluent Toxicity (WET) Testing (40 CFR Part 136) (EPA/821/B-00-004, 
2000). 

g.	 If the discharged effluent is chlorinated, chlorine must not be removed from the 
effluent sample before toxicity testing without written approval by the permitting 
authority. 

5. 	 Initial Investigation TRE Work Plan 

Within 90 days of the permit effective date, the permittee must prepare and submit to the 
permitting authority a copy of its Initial Investigation Toxicity Reduction Evaluation 
(TRE) Work Plan (1–2 pages) for review. That plan must contain steps the permittee 
intends to follow if toxicity is measured above a chronic WET permit limit or trigger and 
should include the following, at minimum: 

a.	 A description of the investigation and evaluation techniques that would be used to 
identify potential causes and sources of toxicity, effluent variability, and treatment 
system efficiency. 

b.	 A description of methods for maximizing in-house treatment system efficiency, good 
housekeeping practices, and a list of all chemicals used in operations at the facility. 

c.	 If a Toxicity Identification Evaluation (TIE) is necessary, an indication of who would 
conduct the TIEs (i.e., an in-house expert or outside contractor). 

6. 	 Accelerated Toxicity Testing and TRE/TIE Process 

a.	 If a chronic WET permit limit or trigger is exceeded and the source of toxicity is 
known (e.g., a temporary plant upset), the permittee must conduct one additional 
toxicity test using the same species and EPA WET test method. This WET test must 
begin within 14 days of receipt of WET test results exceeding a chronic WET permit 
limit or trigger. If the additional toxicity test does not exceed a chronic WET permit 
limit or trigger, the permittee may return to their regular testing frequency. 

b.	 If a chronic WET permit limit or trigger is exceeded and the source of toxicity is not 
known, the permittee must conduct six additional toxicity tests using the same species 
and EPA WET test method, approximately every two weeks, over a 12 week period. 
This testing must begin within 14 days of receipt of WET test results exceeding a 
chronic WET permit limit or trigger. If none of the additional toxicity tests exceed a 
chronic WET permit limit or trigger, the permittee may return to their regular testing 
frequency. 
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c.	 If one of the additional toxicity tests (in paragraphs 6.a or 6.b) exceeds a chronic 
WET permit limit or trigger, within 14 days of receipt of this WET test result, the 
permittee must initiate a TRE using as guidance, according to the type of treatment 
facility, the EPA TRE manual, Toxicity Reduction Evaluation Guidance for 
Municipal Wastewater Treatment Plants (EPA/ 833/B-99/002, 1999) or EPA TRE 
manual, Generalized Methodology for Conducting Industrial Toxicity Reduction 
Evaluations (EPA/600/2-88/070, 1989). In conjunction, the permittee must develop 
and implement a Detailed TRE Work Plan that must contain the following: further 
actions undertaken by the permittee to investigate, identify, and correct the causes of 
toxicity; actions the permittee will take to mitigate the effects of the discharge and 
prevent the recurrence of toxicity; and a schedule for such actions. 

d.	 The permittee may initiate a TIE as part of a TRE to identify the causes of toxicity 
using the same species and EPA WET test method and, as guidance, EPA WET 
TIE/TRE method manuals: Toxicity Identification Evaluation: Characterization of 
Chronically Toxic Effluents, Phase I (EPA/600/6-91/005F, 1992); Methods for 
Aquatic Toxicity Identification Evaluations, Phase II Toxicity Identification 
Procedures for Samples Exhibiting Acute and Chronic Toxicity (EPA/600/R-92/080, 
1993); Methods for Aquatic Toxicity Identification Evaluations, Phase III Toxicity 
Confirmation Procedures for Samples Exhibiting Acute and Chronic Toxicity 
(EPA/600/R-92/081, 1993). 

7. 	 Reporting of Chronic Toxicity Monitoring Results 

a.	 The permittee must submit a full laboratory report as an attachment to the DMR for 
all toxicity testing for the month in which the toxicity test was conducted; the 
laboratory report must contain the following: the toxicity test results, the dates of 
sample collection and initiation of each toxicity test; all results for effluent parameters 
monitored concurrently with the toxicity test(s); and progress reports on TIE/TRE 
investigations. 

b.	 The permittee must provide the actual test endpoint responses for the control (i.e., 
control mean) and IWC concentration (i.e., IWC mean) for each WET test conducted 
to make it easier for permit writers to find the necessary WET test results when 
determining WET RP. 

c. 	 The permittee must notify the permitting authority in writing within 14 days of 
exceedance of a chronic WET permit limit or trigger. The notification must describe 
actions the permittee has taken or will take to investigate, identify, and correct the 
causes of toxicity; the status of actions required by this permit; and schedule for 
actions not yet completed; or reason(s) that no action has been taken. 

8. 	 Permit Reopener for Chronic Toxicity 

In accordance with 40 CFR Parts 122 and 124, this permit may be modified to include 
effluent limitations or permit conditions to address chronic toxicity in the effluent or 
receiving waterbody, as a result of the discharge; or to implement new, revised, or newly 
interpreted water quality standards applicable to chronic toxicity. 
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APPENDIX E: WET RP ANALYSIS USING THE TST APPROACH 

For reasonable potential (RP) calculations using the TST approach, EPA recommends that 
permitting authorities use all the valid WET test data generated during the current permit term 
and any additional valid data that are submitted as part of the permit renewal application. The 
permitting authority should be using at least a minimum of four valid WET tests to address 
effluent representativeness using the TST RP approach. WET test data are then analyzed 
according to the TST approach using the IWC and control test concentrations for all valid WET 
test data available. For the RP approach, data sets with fewer than four valid WET data points 
should be assessed using EPA’s Technical Support Document (TSD) RP approach because it 
addresses small WET data sets by incorporating an RP multiplying factor (see Section 3.2.2 of 
the TSD, p. 54) to account for effluent variability in small WET data sets. 

EPA also recommends that states request that their permittees provide the actual test endpoint 
responses for the control (i.e., mean of control) and IWC concentration (i.e., mean of IWC) for 
each WET test conducted to make it easier for permit writers to find the necessary data with 
which to calculate WET RP with this approach. EPA recommends that permitting authorities 
decide up front which approach (the 1991 TSD approach, the TST approach, or another 
scientifically defensible approach that is sufficient to meet the statutory and regulatory 
requirements) they will incorporate and consistently use in their state’s NPDES implementation 
procedures, including for their RP procedures. Permitting authorities should consistently use the 
selected WET statistical approach in all the state NPDES permits. 

All valid WET test data are then analyzed according to the TST approach using the IWC and 
control test concentrations. If WET test data are available and the TST statistical approach 
indicates that the IWC is toxic in any WET test (“effluent cause(s) toxicity”), RP has been 
demonstrated (40 CFR 122.44(d)(1)(i)). For example, if results of five WET tests are available 
using the TST approach and the results are Pass, Pass, Fail, Pass, Pass, because at least one test 
was a Fail (i.e., TST declared the effluent toxic in at least one test), RP has been demonstrated. 

To address concerns regarding the “potential to cause or contribute to toxicity,” a second 
assessment is applied to determine whether the effluent has RP even if all test results are Pass 
using the TST approach. 

The current TST approach results in four outcomes with respect to RP at the IWC: 

1.	 Caused (effluent is toxic): RP is demonstrated if any one test using the TST approach 

indicates a test result is Fail (i.e., using the statistical test (Appendix A) and t table 

(Appendix B), the test result is Fail; see Example A below in Table E-1); 


2.	 Potential to Cause: Effluent has reasonable potential to cause (RP is demonstrated) if any 
test exhibits a mean effect at the IWC > 10 percent as compared to the mean control 
response, even if the test result is Pass using TST (see examples B-D, Table E-1); and 

3.	 No RP (effluent is non-toxic at the IWC): Effluent does not cause or have reasonable 
potential to cause if the tests are each a Pass using the TST approach and the mean effect at 
the IWC is always < 10 percent. 
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4.	 Insufficient valid WET data (fewer than 4 tests or no data): If fewer than four valid 

WET data are available, follow the TSD RP procedure for WET. 


The second outcome is where the determination of RP is critical to demonstrate that the 
discharge has the reasonable potential to cause an excursion above the state toxicity water 
quality standards. In the TST approach, the regulatory management decision threshold for non-
toxicity in WET tests under the NPDES WET Program is 10 percent mean effect at the IWC. At 
or below that mean effect level, the TST approach is designed to declare a WET test as non-toxic 
(i.e., Pass) most (at least 95 percent) of the time to help control for false positives. For purposes 
of RP assessment then, a 10 percent mean effect level at the IWC is used as a threshold, above 
which potential to cause is indicated, and the effluent has demonstrated RP. Any test with a mean 
effect at the IWC > 10 percent would demonstrate a potential for RP even if the TST test result is 
Pass. Equation E-1 below demonstrates how the effluent effect is calculated at the IWC. 

Mean Control Response − Mean Response at IWC% Effect at IWC =	 ×100 Equation E-1
Mean Control Response 

Table E-1. Examples illustrating the reasonable potential approach using TST and data from 
Ceriodaphnia chronic survival and reproduction WET tests 

Example 
Pass/Fail based 
on TST analysis 

Mean 
control 

response 

Mean 
response @ 

IWC 
% effect at 

IWC 
Reasonable 
potential? 

A Fail 26.3 17.0 35.4% Yes 
B Pass 26.3 23.4 11.0% Yes 
C Pass 28.6 22.0 23.1% Yes 
D Pass 22.4 20.9 6.7% No 
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General Permit No. CAG280000  
Authorization to Discharge Under the NPDES for  
Facilities Oil and Gas Exploration, Development,  
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General Permit No. CAG280000

AUTHORIZATION TO DISCHARGE UNDER THE 
NATIONAL POLLUTANT DISCHARGE ELIMINATION SYSTEM 

FOR OIL AND GAS EXPLORATION, DEVELOPMENT, AND PRODUCTION FACILITIES

In compliance with the provisions of the Clean Water Act, 33 U.S.C. 1251 et seq.. (“the 
Act”), the following discharges are authorized in accordance with this general National Pollutant 
Discharge Elimination System (“NPDES”) permit; Drilling Fluids and Cuttings (001), Produced 
Water (002), Well Treatment, Completion and Workover Fluids (003), Deck Drainage (004), 
Domestic and Sanitary Waste (005), Blowout Preventer Fluid (006), Desalination Unit Discharge 
(007), Fire Control System Water (008), Non-Contact Cooling Water (009), Ballast and Storage 
Displacement Water (010), Bilge Water (Oil), Boiler Blowdown (012), Test Fluids (013), 
Diatomaceous Earth Filter Media (014), Bulk Transfer Material Overflow (015), Uncontaminated 
water (016), Water Flooding Discharges (017), Laboratory Waste (018), Excess Cement Slurry 
(019), Muds, Cuttings and Cement at Sea Floor (020); Hydrotest Water (021); and HiS Gas 
Processing Waste Water (022) from oil and gas exploration, development and production facilities 
to federal waters off Southern California as specified below.

These exploration, development and production facilities are classified in the Offshore 
Subcategory of the Oil and Gas Extraction Point Source Category, as defined in 40 CFR Part 435, 
Subpart A. Discharges shall be in accordance with effluent limitations, monitoring and reporting 
requirements, and other conditions set forth in Parts I through V herein. The discharge of 
pollutants not specifically set forth in this permit is not authorized.

This permit authorizes discharges from all exploratory facilities operating within the 
permit area and development and production facilities which are not new sources including the 
following: Platforms A, B, C, Edith, Ellen, Elly, Eureka, Gail, Gilda, Gina, Grace, Habitat, 
Harmony, Harvest, Henry, Heritage, Hermosa, Hillhouse, Hidalgo, Hogan, Hondo, Houchin, and 
Irene.

This permit shall become effective on March 1, 2014. This permit and the authorization 
to discharge shall expire at midnight, February 28, 2019.

Signed th is^^  day of , 2013

/

Jane Didmond
Director, Water Division 
U.S. EPA, Region 9
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I. REQUIREMENTS FOR NPDES PERMITS AND COVERAGE CONDITIONS

A. Permit Applicability and Coverage Conditions

1. Operations Covered. This permit establishes effluent limitations, prohibitions, reporting 
requirements, and other conditions on discharges from oil and gas facilities engaged in production, 
field exploration, developmental drilling, well completion, well treatment operations, well 
workover, and abandonment operations.

2. Location of Coverage. The permit coverage area consists of the following lease blocks 
(by OCS lease parcel number as maintained by the Bureau of Ocean Energy Management 
(BOEM) and described in BOEM’s Status of Leases):

in waters west and northwest of Point Arguello,

P-0433 P-0437 P-0438 P-0440 P-0441 P-0444 P-0450 P-0451

in waters south and west of Pt. Conception,

P-0315 P-0316 P-0320 P-0322 P-0323A

in the Santa Barbara Channel from Pt. Conception to Goleta Pt.,

P-0180 P-0181 P-0182 P-0183 P-0187 P-0188 P-0189 P-0190
P-0191 P-0192 P-0193 P-0194 P-0195 P-0326 P-0329 P-0460
P-0461 P-0464

in the Santa Barbara Channel from Santa Barbara to Ventura,

P-0166 P-0202 P-0203 P-0204 P-0205 P-0208 P-0209 P-0215
P-0216 P-0217 P-0234 P-0240 P-0241 P-0346

in the San Pedro Channel between San Pedro and Laguna,

P-0296 P-0300 P-0301 P-0306

which are located in Federal waters off the Southern California coast, seaward of the outer 
boundary of the territorial seas. This permit does not authorize discharges from facilities 
discharging to or in territorial seas of California or from facilities definied as “coastal”, “onshore”, 
or “stripper” (see 40 CFR Part 435, Subparts C, D, and F). Land based facilities operating in 
support of activities on the covered lease blocks are considered part of the Offshore Subcategory 
and discharges to FederaLwaters from these facilities are authorized by this permit.
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3. Facilities Covered. This permit covers development and production facilities including 
Platforms A, B, C, Edith, Ellen, Elly, Eureka, Gail, Gilda, Gina, Grace, Habitat, Harmony, 
Harvest, Henry, Heritage, Hermosa, Hillhouse, Hidalgo, Hogan, Hondo, Houchin, and Irene. The 
permit also covers exploration facilities discharging in the permit area. Facility coverage is not 
effective until Notices of Intent (“NOIs”) are received as described below.

4. Modifications and Revocations. This permit may be modified or revoked at any time on 
the basis of any new data that was not available at the time of permit issuance if the new data would 
have justified the application of different permit conditions at the time of issuance. This includes 
any information indicating that cumulative effects on the environment are unacceptable. Such 
cumulative effects on the environment include unreasonable degradation of the marine 
environment due to continued discharges, in which case the Director, Water Division, Region 9 
may determine that additional conditions are necessary to protect the marine environment or 
special aquatic sites. Permit modification will be conducted in accordance with 40 CFR Parts 
122.62, 122.63 and 124.

5. Prohibitions. During the term of this general permit, operators are authorized to discharge 
under the general permit the enumerated waste streams subject to the restrictions set forth herein. 
This permit does not authorize the discharge of any waste streams, including spills and other 
unintentional or non-routine discharges of pollutants, that are not part of the normal operation of 
the facility, or any pollutants that are not ordinarily present in such waste streams.

6. Notification Requirements.

a. Coverage Under This Permit. For the development and production, and 
exploration facilities located on platforms listed above in Part I.A.3, written notification of intent 
to be covered under this permit shall be submitted no later than 30 days after the effective date of 
this permit. The Notice of Intent to be covered shall include the legal name and address of the 
operator, the lease block number assigned by the Department of the Interior, and the number and 
type of facilities located within the lease block.

For development and production facilities other than those listed above in Part I.A.3, the NOI 
shall include the above information and shall also include information to substantiate that the 
facility is not a new source, as defined in Part V of this permit. Initiation of discharges may not 
begin until EPA has reviewed the submitted information and notified the permittee in writing that 
this general permit is appropriate for the proposed operation, and the permittee has obtained all 
applicable approvals and certifications by BOEM, Bureau of Safety and Environmental 
Enforcement (BSEE) and the California Coastal Commission (CCC) of the development and 
production plan.

For exploratory operations conducted by exploration facilities not located on platforms listed 
above in Part I.A.3, the Notice of Intent shall be submitted at least 30 days prior to initiation of 
discharges. Initiation of discharges may not begin until EPA has reviewed the proposed 
operation and notified the permittee in writing that this general permit is appropriate for the
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proposed operation, and the permittee has obtained all applicable approvals and certifications by 
BOEM, BSEE and the CCC of the exploration plan.

b. Termination of Operations. Facility or lease block operators shall notify the 
Director in writing within 60 days after permanent termination of discharges from their facilities 
within the lease block.

c. Duty to Provide Notice of Intent for Continued Activity. If the permittee wishes to 
discharge under the authority of this permit after its expiration date, the permittee must submit a 
notice of intent to EPA to do so. The Notice of Intent shall be submitted at least 180 days before 
the expiration date of this permit, and shall include the information specified in Part I.A.b.a above. 
Timely receipt of a complete Notice of Intent by EPA shall qualify the Permittee for an 
administrative extension of its authorization to discharge under this permit pursuant to 5 U.S.C. 
Section 558(c), until a new permit is issued and becomes effective.

d. Submission of Requests to be Covered and Other Reports. Reports and 
notifications, including discharge monitoring reports and notifications of non-compliance required 
herein shall be submitted either to the following addresses, or electronically (EPA only) using 
NetDMR.

US EPA, Region 9 
NPDES/DMR, ENF-4-1 
75 Hawthorne Street 
San Francisco, California 94105-3901 
Phone: (415)972-3507

Regional Supervisor
Bureau of Safety and Environmental Enforcement (BSEE)
770 Paseo Camarillo 
Camarillo, CA 93010

Regional Supervisor 
Office of Environment
Bureau of Ocean Energy Management (BOEM)
770 Paseo Camarillo, 2“̂  ̂Floor 
Camarillo, CA 93010
Attn: Chief, Environmental Analysis Section

Alison Dettmer, Manager 
Energy & Ocean Resources Unit 
California Coastal Commission 
45 Freihont Street, Suite 2000 
San Francisco, CA 94105-2219
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B. Requiring an Individual Permit

1. The Director may require any Permittee discharging under the authority of this permit to 
apply for and obtain an individual NPDES permit. The following criteria (40 CFR Part 
122.28(b)(3)), as well as other relevant considerations, may be used in making such 
determinations:

a. Whether the discharger is in compliance with the conditions of this general permit.

b. A change has occurred in the availability of demonstrated technology or practices for 
the control or abatement of pollutants applicable to the point source.

c. Effluent limitations guidelines are promulgated for point sources covered by the 
general permit.

d. A Water Quality Management plan containing requirements applicable to the point 
sources is approved.

e. Circumstances have changed since the time of the request to be covered so that the 
discharger is no longer appropriately controlled under the general permit, or either a temporary or 
permanent reduction or elimination of the authorized discharge is necessary.

f. The discharger(s) is a significant contributor of pollutants. In making this 
determination, the Director may consider the following factors:

(1) The location of the discharge with respect to waters of the United States;
(2) The size of the discharge;
(3) The quantity and nature of the pollutants discharged to waters of the United

States; and
(4) Other relevant factors.

2. The Director may require any Permittee authorized by this permit to apply for an 
individual NPDES permit only if the Permittee has been notified in writing that an individual 
permit application is required.

3. Any Permittee authorized by this permit may request to be excluded from the coverage of 
this general permit by applying for an individual permit. The owner or operator shall submit an 
application together with the reasons supporting the request to the Director.

4. When an individual NPDES permit is issued to a Permittee otherwise subject to this 
general permit, the applicability of this general permit to that owner or operator is automatically 
terminated on the effective date of the individual permit.
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II. EFFLUENT LIMITATIONS AND MONITORING REQUIREMENTS

A. Drilling Fluids and Cuttings (Discharge 001)

1. Effluent Limitations. The Permittee shall comply with the following effluent limitations 
and monitoring requirements.

Table 1 - Drilling Fluids and Cuttings^ Effluent Limitations and Monitoring Requirements

Effluent
Characteristic

Discharge
Limitation

Measurement
Frequency

S ample 
Type/Methods

Reported
Values^

Total
Discharge
Volume

See note 2. Daily Estimate Per well 
total

Toxicity of 
Drilling Fluids 
and Cuttings

MinimumLC50 
of the SPP shall 
be 3% by volume

End-of-well (at least 
80% of permitted 
well footage)"^

Grab/Drilling 
Fluids Toxicity 
Test

96-hr LC50 
Part II.A.2.d

Free Oil No discharge Weekly^ & before 
bulk discharges

Grab/Static Sheen 
test Part II.A.2.b.

Number of 
days sheen 
observed

Oil-based
fluids^

No discharge -N /A - -N /A - -N /A -

Diesel oil 
content

No discharge -N /A - Part II.A.2.a. -N /A -

Barite:
Cadmium

3 mg/kg® See II.A.2.C Method 3050B 
followed by 
6010B

mg/kg dry 
wt.

Barite:
Mercury

1 mg/kg See II.A.2.C Method 7471A mg/kg dry 
wt.

Chemical
Inventory

-N /A - Once per mud 
system

Part II.A.3. -N /A -

Non-Aqueous 
Based Drilling 
Fluids and 
Associated 
Cuttings

No discharge -N /A - -N /A - -N /A -
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Notes:
All cuttings limitations except the “no free oil” requirements as determined by the 
Static Sheen Test are monitored by sampling and analysis of drilling fluid samples. 
Compliance with the drilling fluids limitation demonstrates compliance with the 
corresponding cuttings limitation.

The Permittee shall estimate and report the total discharge volume per well for drilling 
fluids and drill cuttings. The volumes for fluids and cuttings shall be reported 
separately. The Permittee shall also report the number of days of discharge of each 
drilling fluid system used.

The discharge of drilling muds which contain waste engine oil, cooling oil, gear oil, or 
lubricant which has previously been used for purposes other than borehole lubrication 
is prohibited. The discharge of cuttings generated using drilling fluids which contain 
mineral oil is prohibited except when the mineral oil is used as a carrier fluid 
(transporter fluid), lubricity additive, or pill.

Intermediate depth mud systems are also subject to the 30,000 ppm limit by testing or 
by using generic fluids; see “Use of generic drilling fluids.” The “permitted well 
footage” refers to the well footage permitted by BSEE.

The permittees shall submit the Well DMR on the established DMR schedule (see Part 
III.C.). The Well DMR shall be submitted at the next scheduled DMR date at least 45 
days after the completion of drilling activity. The Well DMR shall report all 
discharges for each well from a mobile drilling unit or all rig associated discharges 
listed in this table for platform mounted rigs. Copies of the toxicity test reports, barite 
certifications, and drilling fluids inventory information shall be included with the Well 
DMR.

The discharge limitation for cadmium in barite is 2 mg/kg for Platforms Harmony and 
Heritage.

The sampling frequency for the static sheen test shall be weekly. When drilling into a 
hydrocarbon bearing zone, sampling frequency shall be daily.

2. Monitoring Requirements.

a. Diesel Oil. Compliance with the limitation on diesel oil shall be demonstrated 
through the Drilling Fluids Inventory.

b. Static Sheen Test. The Permittee shall perform the Static Sheen Test on separate 
samples of drilling fluids and cuttings. The test shall be conducted in accordance with “Approved 
Methodology; Laboratory Sheen Tests for the Offshore Subcategory, Oil and Gas Extraction
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Industry,” which is Appendix 1 to Subpart A of 40 CFR Part 435. If the static sheen test indicates 
the presence of free oil, discharge of the tested material shall eease; if subsequent tests do not 
indieate free oil, discharge may eontinue.

c. Mereury and Cadmium Content of Barite. Compliance shall be demonstrated by 
analysis of the stock barite or by certifieation based on supplier documentation. Results for total 
mercury and total cadmium shall be submitted in the DMR for the well. Analysis for cadmium 
shall be conducted using method 3050B followed by 6010B (EPA SW 846) and results expressed 
as mg/kg (dry weight) of barite. Analysis for mercury shall be conducted using method 7471A 
(EPA SW 846) and expressed as mg/kg (dry weight) of barite.

The Permittee may provide analysis of representative samples of stock barite once 
prior to drilling each well. If more than one well is drilled using the same stock supply, new 
analyses are not required for subsequent wells if no new supplies of barite have been received 
since the previous analyses. In this latter case, the DMR should state that no new barite was 
received since the last reported analyses.

Altematively, operators may provide certifieation, as documented by the supplier(s), 
that the barite meets the above limits. The concentration of mereury and cadmium in stock barite 
shall be reported on the well DMR as documented by the supplier.

d. Toxicity Test for Drilling Fluids and Cuttings. The minimum 96 hour LC50 value, 
using the Mysidopsis bahia, for drilling fluids and cuttings discharged in compliance with this 
permit is 3% of the Suspended Particulate Phase (“SPP”) by volume. The Permittee shall 
demonstrate compliance with this limit for both drilling fluids and cuttings by conducting and 
reporting the results of a drilling fluids bioassay for eaeh mud system whieh is used and discharged 
except as provided in Part 11.A.3 below. Drilling fluid samples for the bioassay shall be taken at 
the time that maximum well footage is reached for eaeh mud system (defined as at least 80% of the 
aetual permitted well footage at the time of discharge within each interval during the drilling of the 
well for which a separate mud system is used and discharged).

The bioassay procedure to be used is “Drilling Fluids Toxicity Test” (Appendix 2 to 
Subpart A of 40 CFR Part 435). Bioassay results shall be submitted with the Well DMR (see note 
5, Section 11.A.I.)

3. Drilling Fluids Systems and Inventories

a. Drilling Fluids Inventory and Reporting Requirements. The Permittee shall 
maintain a precise inventory of all drilling fluid constituents added downhole for each well. The 
composition of each mud system used and diseharged by the Permittee shall be reported to EPA. 
Mud composition data shall be submitted to EPA with the Well DMR. The Permittee shall report 
the following for each mud system: 1) base (generic) drilling fluid type, 2) product name and 
total amount (volume or weight) of each constituent in discharged drilling fluid; 3) the total 
volumes of drilling fluids discharged; and 4) the number of days of discharge. The permittee
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shall also report the estimated maximum concentration of each constituent in the discharged 
drilling fluid, if no toxicity test is conducted on the drilling fluid system.

b. Use of Generic Drilling Fluids. With the exception of the drilling fluids system 
discharged when the well reaches its maximum footage, the toxicity requirement shall be met by a 
toxicity test as described above in Part II.A.2.d or by the demonstration by the Permittee that a 
discharged drilling fluid complies with the requirements of (1), (2) or (3) below:

(1) The drilling fluid is generic as defined in Part II.A.B.c below.

(2) The drilling fluid is generic (excluding generic mud #1) and all specialty 
additives included in the fluid satisfy either of the following conditions:

(a) When each additive is included at its maximum concentration in 
generic fluid #7 (lightly treated lignosulfonate mud), the 96 hour LC50 value of the resulting fluid 
exceeds 100,000 ppm for the suspended particulate phase; or

(b) Other toxicity data is available for the additive upon which EPA 
may reasonably conclude that (a) above would be satisfied.

(3) The drilling fluid is generic and contains additives used in quantities such 
that the resulting whole fluid may, based on toxicity data for similar whole fluids or toxicity data 
for the additives, be shown to comply with the overall toxicity limit of 30,000 ppm. The 
Permittee shall be responsible for providing this demonstration of compliance. The method in 
“Separate and Joint Toxicity to Rainbow Trout of Substances Used in Drilling Fluids for Oil 
Exploration” (Sprague and Logan, Environmental Pollution, Volume 19, No. 4, August, 1979) 
may be used to estimate joint toxicity.

c. Generic Drilling Fluids. Hematite or other weighting materials may be substituted 
for barite at the following maximum allowable concentrations.

Table 2 - Generic Drilling Fluids

Generic Mud Number Maximum Allowable 
Concentration (pounds/barrel)

1. Seawater/Potassium/Polymer Mud
KCl 50
Starch 12
Cellulose Polymer 5
XC Polymer 2
Drilled Solids 100
Caustic 3

2. Seawater/Lignosulfonate Mud
Attapulgite or Bentonite 50

AR000596



Lignosulfonate 15
Lignite 10
Caustic 4
Barite 450
Drilled Solids 100
Soda Ash/Sodium Bicarbonate 2
Cellulose Pol)oner 5
Seawater As Needed

3. Lime Mud
Lime 20
Bentonite 50
Lignosulfonate 15
Lignite 10
Barite 180
Caustic 5
Drilled Solids 100
Soda Ash/Sodium Bicarbonate 2
Freshwater As Needed

4. Nondispersed Mud
Bentonite 15
Acrylic Polymer 2
Barite 180
Drilled Solids 70
Freshwater As Needed

5. Spud Mud (slugged intermittently
with seawater)

Attapulgite or Bentonite 50
Caustic 3
Cellulose Polymer 2
Drilled Solids 100
Barite 50
Soda Ash/Sodium Bicarbonate 2
Lime 2
Seawater As Needed

6. Seawater Gel Mud
Attapulgite or Bentonite 50
Caustic 3
Cellulose Pol5mier 2
Drilled Solids 100
Barite 50
Soda Ash/Sodium Bicarbonate 2
Lime 2

10
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Seawater As Needed

7. Lightly Treated Lignosulfonate 
Freshwater/Seawater Mud

Bentonite 50
Barite 180
Caustic 3
lignosulfonate 6
Lignite 4
Cellulose Polymer 2
Drilling Solids 100
Soda Ash/Sodium Bicarbonate 2
Lime 2
Seawater to Freshwater Ratio 1:1

8. Lignosulfonate Freshwater Mud
Bentonite 5
Barite 450
Caustic 5
Lignosulfonate 15
Lignite 10
Drilling Solids 100
Cellulose Polymer 2
Soda Ash/Sodium Bicarbonate 2
Lime 2
Seawater to Freshwater Ratio As Needed

d. Notice of Final Mud Dump. The Permittee shall provide verbal notiee to EPA (or 
other Federal Agency designated by EPA at a later date) at least 48 hours prior to the final mud 
dump upon completion of each well. Reports during normal business hours shall be provided to 
the CWA Compliance Office, Water Division, at telephone number 415-972-3507. Twenty-four 
hour reporting may be made at 1-800-300-2193.

e. Restrictions on the Use of Mineral Oils in Drilling Fluids. Mineral oil may be 
used only as a carrier fluid (transporter fluid), lubricity additive, or pill.

4. Maximum Allowable Annual Discharge Volumes for Drilling Fluids, Cuttings and Excess 
Cement.

Table 3 - Maximum Discharge Volumes for Drilling Fluids, Cuttings and Excess Cement
Slurry

11
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Facility Maximum Annual 
Allowable Cuttings 
discharged, bbls

Maximum Annual 
Allowable Drilling Fluids 
discharged, bbls

Maximum Annual 
Allowable Excess 
Cement Slurry 
Discharged, bbls

A 30,000 105,000 3,000

B 30,000 105,000 3,000

C 30,000 105,000 3,000

Edith 90,000 105,000 6,500

Ellen 18,150 49,950 1,200

Eureka 13,350 36,650 1,200

Gail 28,700 49,500 2,000

Gilda 30,000 105,000 2,500

Gina 30,000 105,000 2,500

Grace 28,700 49,500 2,000

Habitat 30,000 105,000 2,500

Harmony 40,000 200,000 4,000

Harvest 25,000 80,000 2,000

Henry 30,000 105,000 3,000

Heritage 40,000 200,000 4,000

Hermosa 25,000 . 80,000 2,000

Hidalgo 25,000 80,000 2,000

Hillhouse 30,000 105,000 3,000

Hogan 34,000 118,000 3,300

Hondo 40,000 200,000 4,000

Houchin 34,000 118,000 3,300

Irene 30,000 105,000 2,500

12
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B. Produced Water (Discharge 002)

1. Platform-Specific Effluent Limits and Monitoring Requirements. Platform-specific 
effluent limitations and monitoring requirements are set forth in Appendix B.

a. Permittees with platforms not listed in Appendix B, which may discharge produced 
water during the term of this permit, shall follow the procedures of Appendix D in conducting an 
analysis of the reasonable potential of the discharges to cause or contribute to exceedances of 
applicable marine water quality criteria.

b. Monitoring for Constituents of Concern. For all platforms with produced water 
discharges, the constituents listed in Appendix D (Table D-1) shall be sampled at least once during 
the last two years of the term of this permit, and the results shall be submitted on the DMR at least 
180 days before this permit expires. For platforms with a platform specific monitoring 
requirement in Appendix B, the permittee may substitute the sampling results conducted in 
accordance with Appendix B for constituents listed in Appendix D.

c. Dilution Ratio Changes. The permittee shall calculate the quarterly dilution value 
each quarter and submit the results with the DMR. If the quarterly dilution value decreases 
relative to the value at the time of the permit issuance, this permit may be reopened and modified 
to include additional effluent limitations and monitoring requirements based on the reasonable 
potential for the exceedance of a water quality criterion found in Appendix D, Table D-1.

2. Chronic Whole Effluent Toxicity (WET) Requirements

a. Monitoring Frequency. The permittee shall conduct quarterly chronic toxicity tests 
on 24-hour composite effluent samples. Following four consecutive quarters of Pass test results 
for a given species, annual tests are required for that species. However, quarterly tests would 
again be required following any Fail test result from an annual test until four consecutive Pass 
results are again obtained after which annual tests would be required.

Once each calendar year, during a different quarter of the year from the previous years, the 
permittee shall split a 24-hour composite effluent sample and concurrently conduct three toxicity 
tests using a fish, an invertebrate, and an alga species (see below for specific species information).

Chronic toxicity test samples shall be collected for each point of discharge at the 
designated NPDES sampling station for the effluent (i.e., downstream from the last treatment 
process and any in-plant retum flows where a representative effluent sample can be obtained). 
During years 1, 2, 3, 4, and 5 of the permit, a split of each sample shall be analyzed for all other 
monitored parameters at the minimum frequency of analysis specified by the effluent monitoring 
program.

b. Species and EPA WET Test Methods. Species and short-term EPA WET test 
methods for estimating chronic toxicity are found in “Short-Term Methods for Estimating the 
Chronic Toxicity of Effluents and Receiving Waters to West Coast Marine and Estuarine
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Organisms,” EPA/600/R-95/136, August 1995. The permittee shall conduct the following 
chronic toxicity tests:

• Red abalone {Haliotis rufescens) larval development test

• Giant kelp, Macrocystis pyrifera, germination and germ-tube length tests

• Topsmelt, Atherinops affinis, larval survival and growth tests

c. Chronic WET Permit Triggers and Effluent Limits

This permit includes either a chronic WET permit trigger or an effluent limit which vary with 
the platform arid the species as set forth in Table 4 below. The permit trigger and the effluent 
limit are both any one WET test (either biological endpoint of survival or sublethal) where a test 
result is Fail (during the reporting period) at the chronic in-stream waste concentration (IWC). 
For this discharge, the IWC is the percent effluent subsequent to dilution in the mixing zone as 
determined in Appendix A of the permit. A WET test result of Fail requires certain follow-up 
actions by the permittee as described below which are the same for both permit triggers and 
effluent limits. However, where an effluent limit is specified in Table 4, a Fail result is also a 
violation of this permit.

Table 4 - Chronic WET Permit Triggers and Effluent Limits

Platform Red abalone Giant kelp Topsmelt
A permit trigger permit trigger effluent limit
B permit trigger permit trigger effluent limit
Edith permit trigger effluent limit effluent limit
Elly permit trigger permit trigger permit trigger
Gail permit trigger permit trigger permit trigger
Gilda permit trigger permit trigger permit trigger
Gina permit trigger permit trigger effluent limit
Habitat permit trigger effluent limit effluent limit
Harmony permit trigger permit trigger permit trigger
Harvest permit trigger permit trigger permit trigger
Hermosa permit trigger permit trigger effluent limit
Hidalgo permit trigger effluent limit permit trigger
Hillhouse permit trigger effluent limit effluent limit
Hogan permit trigger effluent limit effluent limit

To calculate either a Pass or Fail of the multiple-effluent concentration chronic toxicity test at 
the IWC, follow the instructions in Appendix A in the National Pollutant Discharge Elimination 
System Test o f Significant Toxicity Implementation Document (EPA/833-R-10-003). A Pass result 
indicates no toxicity at the IWC, and a Fail result indicates toxicity at the IWC. The permittee 
shall report either a Pass or a Fail on the DMR form. If a result is reported as Fail, the permittee 
shall follow Part lI.B.2.g (Reporting of Chronic Toxicity Monitoring Results) of this permit.

14
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d. Quality Assurance.

1) Quality assurance measures, instructions, and other recommendations and 
requirements are in the EPA WET test methods referenced above.

2) This permit is subject to a determination of Pass or Fail from a multiple-effluent 
concentration chronic toxicity test at the IWC (for statistical flowchart and procedures, see 
National Pollutant Discharge Elimination System Test o f Significant Toxicity Implementation 
Document, Appendix A, Figure A-1).

3) Control and dilution water will be standard laboratory water. If organisms are 
cultured in-house and the dilution water used is different from culture water, a second control, 
using culture water shall also be used.

4) If organisms are not cultured in-house, then concurrent testing with a reference 
toxicant shall be conducted. If organisms are cultured in-house, then monthly reference toxicant 
testing is sufficient. Reference toxicant tests and effluent toxicity tests shall be conducted using 
the same test conditions (e.g., same test duration).

5) If either the reference toxicant or effluent toxicity tests do not meet all test 
acceptability criteria in the EPA WET test methods manual, then the permittee shall resample and 
retest within 14 days.

6) Following Paragraph 10.2.6.2 of the freshwater EPA WET test methods manual, all 
chronic toxicity test results from the multi-concentration tests required by this permit shall be 
reviewed and reported according to EPA guidance on the evaluation of concentration-response 
relationships in Method Guidance and Recommendations for Whole Effluent Toxicity (WET) 
Testing (40 CFR Part 136) (EPA/82I/B-00-004, 2000).

7) One initial composite sample may be used for all renewals for the chronic seven 
day topsmelt larval growth and survival test, only if safety or unexpected process shut down does 
not allow for multiple sample renewals. The Permittee shall attempt to collect the three sample 
renewals.

8) If the discharged effluent is chlorinated, then chlorine shall not be removed from the 
effluent sample before toxicity testing without written approval by the permitting authority.

e. Initial Investigation TRE Work Plan

Within 90 days of the permit effective date, the permittee shall prepare and submit to the U.S. 
EPA Director a copy of its Initial Investigation Toxicity Reduction Evaluation (TRE) Work Plan 
(1-2 pages) for review. This plan shall contain steps the permittee intends to follow if toxicity is 
measured above a chronic WET permit limit or trigger and should include the following, at 
minimum:
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1) A description of the investigation and evaluation techniques that would be used to 
identify potential causes and sources of toxicity, effluent variability, and treatment system 
efficiency.

2) A description of methods for maximizing in-house treatment system efficiency, 
good housekeeping practices, and a list of all chemicals used in operations at the facility.

3) If a Toxicity Identification Evaluation (TIE) is necessary, an indication of who 
would conduct the TIEs (i.e., an in-house expert or outside contractor).

f. Accelerated Toxicity Testing and TRE/TIE Process

1) If a chronic WET permit limit or trigger is exceeded and the source of toxicity is 
known (e.g., a temporary plant upset), then the permittee shall conduct one additional toxicity test 
using the same species and EPA WET test method. This WET test shall begin within 14 days of 
receipt of WET test results exceeding a chronic WET permit limit or trigger. If the additional 
toxicity test does not exceed a chronic WET permit limit or trigger, then the permittee may retum 
to their regular testing frequency.

2) If a chronic WET permit limit or trigger is exceeded and the source of toxicity is 
not known, then the permittee shall conduct six additional toxicity tests using the same species and 
EPA WET test method, approximately every two weeks, over a 12 week period. This testing 
shall begin within 14 days of receipt of WET test results exceeding a chronic WET permit limit or 
trigger. If none of the additional toxicity tests exceed a chronic WET permit limit or trigger, then 
the permittee may retum to their regular testing frequency.

3) If one of the additional toxicity tests (in paragraphs f.l or f.2 above) exceeds a 
chronic WET permit limit or trigger, then, within 14 days of receipt of this WET test result, the 
permittee shall initiate a TRE using as guidance, the EPA TRE manual. Generalized Methodology 
fo r Conducting Industrial Toxicity Reduction Evaluations (EPA/600/2-88/070, 1989). In 
conjunction, the permittee shall develop and implement a Detailed TRE Work Plan which shall 
contain the following: further actions undertaken by the permittee to investigate, identify, and 
correct the causes of toxicity; actions the permittee will take to mitigate the effects of the discharge 
and prevent the recurrence of toxicity; and a schedule for such actions.

4) The permittee may initiate a TIE as part of a TRE to identify the causes of toxicity 
using the same species and EPA WET test method and, as guidance, EPA WET TIE/TRE method 
manuals: Toxicity Identification Evaluation: Characterization o f Chronically Toxic Effluents, 
Phase I  (EPA/600/6-91/005F, 1992); Methods fo r  Aquatic Toxicity Identification Evaluations, 
Phase II Toxicity Identification Procedures fo r  Samples Exhibiting Acute and Chronic Toxicity 
(EPA/600/R-92/080,1993); Methods for Aquatic Toxicity Identification Evaluations, Phase III 
Toxicity Confirmation Procedures fo r  Samples Exhibiting Acute and Chronic Toxicity 
(EPA/600/R-92/081, 1993).
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g. Reporting of Chronic Toxicity Monitoring Results

1). The permittee shall submit a full laboratory report as an attachment to the DMR for 
all toxicity testing for the month in which the toxicity test was conducted; the laboratory report 
shall contain the following; the toxicity test results, the dates of sample collection and initiation of 
each toxicity test; all results for effluent parameters monitored concurrently with the toxicity 
test(s); and progress reports on TIE/TRE investigations.

2) The permittee shall provide the actual test endpoint responses for the control (i.e., 
control mean) and IWC concentration (i.e., IWC mean) for each WET test conducted to make it 
easier for permit writers to find the necessary WET test results when determining WET RP.

3) The permittee shall notify the U.S. EPA Region 9 Director in writing within 14 days 
of exceedance of a chronic WET permit limit or trigger. The notification shall describe actions the 
permittee has taken or will take to investigate, identify, and correct the causes of toxicity; the status 
of actions required by this permit; and schedule for actions not yet completed; or reason(s) that no 
action has been taken.

h. Reopener. In accordance with 40 CFR Parts 122 and 124, this permit may be 
modified to include effluent limitations or permit conditions to address chronic toxicity in the 
effluent or receiving waterbody, as a result of the discharge; or to implement new, revised, or 
newly interpreted water quality standards applicable to chronic toxicity.

3. Commingled Waste Streams. If workover, completion, well treatment or test fluids are 
mixed with produced water, then all of the effluent limitations and monitoring requirements 
applied to produced water shall apply and supersede limits for the separate waste streams. 
Likewise, if deck drainage is commingled with produced water, then all of the effluent limitations 
and requirements applied to produced water shall apply (Part II.B) and supersede limits for the 
separate discharge of deck drainage. If other authorized discharges are mixed with produced 
water, then all of the effluent limitations and monitoring requirements applied to produced water 
shall apply and supersede limits for the separate waste streams. If deck drainage, work over, 
completion, well treatment or test fluids or other authorized discharges are commingled with 
produced water, “commingled” shall be reported on the DMRs for both produced water and the 
waste stream mixed with it.

4. Table 5 - Maximum Annual Allowable Produced Water Discharges

Facility Maximum Annual Allowable 
Produced Water Discharged, bbls

A 13,140,000

B 16,425,000

C 13,140,000

17

AR000604



Edith 3,285,000

Elly 10,950,000

Eureka Included with Elly

Gail 4,380,000

Gilda/Gina 25,500,000

Grace 2,190,000

Habitat 1,642,500

Harmony,
Heritage,
Hondo

33,762,500"°'®'

Harvest 32,850,000

Henry 6,570,000

Hermosa 40,250,000.

Hidalgo 18,250,000

Hillhouse 7,300,000

Hogan 13,900,000

Houchin 13,900,000

Irene 55,845,000

Notes:
1. Any produced water volumes discharged from Hondo and Heritage 

platforms shall reduce the volume discharge at Harmony platform by an 
equal amount. Currently all produced water from Hondo and Heritage 
platforms is discharged at Platform Harmony as part of the Santa Ynez 
Unit operations.

5. Effluent Limitations.

a. Effluent Limitations and Monitoring Requirements. The discharge of produced 
water shall comply with the following effluent limitations and monitoring requirements.
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Table 6 -Produced Water Effluent Limitations and Monitoring Requirements

Effluent
Characteristic

Discharge
Limitation

Measurement
Frequency

Sample
Type/Method

Reported Values

Flow rate 
(BWD)

-N/A- Daily Estimate Monthly average

Oil and Grease 29 mg/1 monthly 
avg.
42 mg/1 daily 
max.

Weekly

Weekly

Grab/Composite

Grab/Composite

The average of 
daily values for 30 
consecutive days; 
the maximum for 
any one day.

b. Test Method for Oil and Grease. The test method for oil and grease is EPA 
Method 1664.

The term maximum fo r any one day as applied to BPT, BCT and BAT effluent 
limitations for oil and grease in produced water shall mean the maximum concentration allowed as 
measured by the average of four grab samples collected over a 24-hour period that are analysed 
separately. Altematively, one grab sample may be taken instead of four samples. If only one 
grab sample is taken for any one week, it must meet the maximum for any one day limit. If four 
samples are taken for oil and grease over a 24-hour period, the maximum value for reporting 
purposes under Part III.A.2.a.i. of the permit is the average of the four samples rather than the 
maximum of the four samples. EPA may reopen and modify this permit to require four samples 
of oil and grease in produced water taken at equally spaced intervals over a 24-hour period.

6. Monitoring Requirements. Monitoring must be conducted according to test procedures 
approved under 40 CFR Part 136, unless other test procedures are specified here or elsewhere in 
this permit. Samples for monitoring produced water toxicity and specific chemicals other than oil 
and grease shall be collected after addition of any added substances, including seawater, that are 
added prior to discharge, and before the flow is split for multiple ports.

7. Flow Rate with Flow Augmentation. When seawater or other flow augmentation is added 
to the produced water prior to discharge, the total produced water flow, including the added 
materials, shall be used in determining the dilution.

C. Well Treatment, Completion and Workover Fluids (Discharge 003)

I. Effluent Limitations. The discharge of well treatment, completion and workover fluids 
shall comply with the following effluent limitations and monitoring requirements.
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Table 7 - Ef luent Limitations and Monitoring Requirements

Waste
Type

Effluent
Characteristic

Discharge
Limitation

Measurement
Frequency

Sample
Type/Methods

Reported
Values

All Number of 
Jobs

-N /A - Once/job^ Coimt Type & total 
number of jobs

Discharge 
volume (Bhls)

-N /A - Once/joh Estimate Discharge 
Volume per Job

Free Oil No
discharge

Once/discharge Grab/Static 
Sheen test

Number of 
times sheen 
observed

Oil and grease 42 mg/1 
max daily 
29 mg/1 
monthly 
avg.

Once/job Grab Max for any 
one day and the 
average of daily 
values for 30 
consecutive 
days

 ̂The type of job where discharge occurs (i.e., treatment, completion, workover, or any 
combination) shall be reported.

2. Commingled Waste streams. If well treatment, completion or workover fluids are 
commingled with produced water, then effluent limitations and monitoring requirements for well 
treatment, completion and workover fluids do not apply. Effluent limitations and monitoring 
requirements for produced water apply. In addition, for a commingled discharge, the discharge 
volume of produced water and the discharge volume of well treatment, completion and workover 
fluids shall both be reported.

3. Chemical Inventory. The Permittee shall maintain an inventory of the quantities and 
concentrations of the specific chemicals used to formulate well treatment, completion and 
workover fluids. If there is a discharge of these fluids, the chemical formulation, concentrations 
and discharge volumes of the fluids shall be submitted with the DMR. For discharges of well 
treatment, completion and workover fluids, the type of operation that generated the discharge 
fluids shall also be reported.

D. Deck Drainage (Discharges 004)

1. Effluent Limitations. The Permittee shall comply with the following effluent limitations 
and monitoring requirements.
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Table 8 - Effluent Limitations and Monitoring Requirements

Effluent
Characteristic

Discharge
Limitation

Measurement
Frequency

Sample
Type/Method

Reported
Values

Flow rate 
(bbl/d)

-N /A - Monthly Estimate Monthly Avg.

Free Oil No
Discharge

Daily, during 
discharge

Visual/Sheen on 
receiving water

Number of 
days sheen 
observed

2. Commingled Waste streams. If deck drainage is commingled with produced water, then 
effluent limitations and monitoring requirements for deck drainage do not apply. Effluent 
limitations and monitoring requirements for produced water apply.

E. Domestic and Sanitary Wastes (Discharges 005)

1. Effluent Limitations. The Permittee shall comply with the following effluent limitations 
and monitoring requirements.

Table 9 - Effluent Limitations and Monitoring Requiremenlts

Waste Type Effluent
Characteristic

Discharge
Limitation

Measurement
Frequency

Sample
Type/Method

Reported
Values

Sanitary Flow Rate 
(bbl/d)

-N /A - Monthly Estimate Monthly
Average

Domestic Flow Rate 
(bbl/d)

-N /A - Monthly Estimate Monthly
Average

Sanitary^

(Facilities 
continuously 
manned by 
nine (9) or 
fewer 
persons or 
only inter
mittently 
manned by 
any number

Floating
Solids^

No
discharge

Daily Observation^ Number of 
days solids 
observed
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of persons)

Sanitary^’̂

(Facilities 
continuously 
manned by 
ten (10) or 
more 
persons)

Total
Residual
Chlorine
(IRC)

Minimum 
of 1 mg/1 
and
main-tain 
ed as close 
to this 
concentra
tion as 
possible; 
maximum 
concentra
tion is 10 
mg/1.

Monthly Grab Concentration 
in mg/1

Domestic Foam or 
Floating 
Solids

No
Discharge

Daily Observation Number of 
days foam or 
floating solids 
observed

 ̂ In cases where sanitary and domestic wastes are mixed prior to discharge, and
sampling of the sanitary waste component stream is infeasible, the discharge may be 
sampled after mixing. In such cases, the discharge limitations for sanitary wastes shall 
apply to the mixed waste stream.

 ̂ Any facility which properly operates and maintains a marine sanitation device
(“MSD”) that was certified by the United States Coast Guard (“USCG”) under Section 
312 of the Act shall be deemed to be in compliance with permit limitations for sanitary 
wastes and the requirements for total residual chlorine do not apply. The MSD shall 
be inspected yearly for proper operations, and inspection results maintained with the 
permit records.

 ̂ Monitoring by visual observation of the surface of the receiving water in the vicinity of
the outfall(s) shall he conducted during daylight hours.

 ̂ The discharge of food waste is prohibited within 12 nautical miles from the nearest
land. Comminuted food waste able to pass through a 25 mm mesh screen may be 
discharged more than 12 miles from the nearest land.

F. Miscellaneous Discharges (Discharges 006-022)

I . Effluent Limitations. The discharge of blowout preventer fluid (006); desalination unit 
discharges (007); fire control system water (008): noncontact cooling water (009); ballast and 
storage displacement water (010); bilge water (Oil); boiler blowdown (012); test fluids (013);
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diatomaceous earth filter media (014); bulk transfer material overflow (015); uncontaminated 
water (016); water flooding discharges (017); laboratory wastes (018); excess cement slurry (019); 
muds, cuttings & cement at sea floor (020); hydrotest water (021); and H2 S gas processing waste 
water (022) shall comply with the following effluent limitations and monitoring requirements.

Ta jle 10 - Effluent Limitations and Monitoring Requirements

Waste Type Effluent
Characteristic

Discharge
Limitation

Measurement
Frequency

Sample
T5q>e/Method

Reported
Values

Noncontact 
Cooling Water, 
Ballast and 
Storage 
Displacement 
Water, Bilge 
Water, Test 
Fluids, Excess 
Cement Slurry, 
Hydrotest 
Water, H2 S 
Gas Processing 
Waste Water

Flow Rate 
(bbl/d)

-N /A - Monthly Estimate Monthly
Average

Blowout 
Preventer, 
Excess Cement 
Slurry, Water 
flooding.
Muds, Cuttings 
& Cement at 
Sea floor. 
Ballast and 
Storage 
Displacement 
Water, Bilge 
Water, Test 
Fluids,
Diatomaceous 
Earth Filter 
media. 
Laboratory 
Wastes, 
Hydrotest 
Water, H2 S 
Gas Processing

Free Oil No
discharge

Once/discharge 
for discharges 
lasting < 24 
hours

Once/24 hours 
for discharges 
lasting >24 hours

Visual sheen 
on receiving 
water

Number 
of days 
sheen 
observed
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Waste Water

Hydrotest 
Water, Fire 
Control System 
Test Water, 
Non-contact 
Cooling 
Waters, Test 
Fluids, Water 
Flooding 
Discharges

Chemical
Inventory

-N /A - Monthly See Part II.F.3 -N /A -

Fire Control
System Test
Water,
Noncontact
Cooling Water,
Hydrotest
Water

Chlorine Monitor
only.
See II.F.4 
below.

Grab ug/1

Discharges
006-022

Floating 
Solids and 
Foam

No
Discharge

Once/Day Visual
Observation
During
Daylight
Hours

Number 
of Days 
Floating 
Solids or 
Foam 
Observed

2. Ballast and Storage Displacement Water (010) and Bilge Water (011). Ballast and 
storage displacement water and bilge water shall be processed through an oil-water separator prior 
to discharge.

3. Chemical Inventory. The Permittee shall maintain an inventory of the quantities and 
application rates (concentration) of chemicals (other than fresh or seawater) added to listed 
discharges. The inventory shall he submitted with the DMR.

4. Chlorine Reasonable Potential Monitoring. Permittees not listed in Appendix C that 
initiate the addition of chlorine to a wastestream shall monitor for chlorine at end-of-pipe and 
follow the procedures of Appendix D in conducting an analysis of the reasonable potential of the 
discharges to cause or contribute to exceedances of applicable marine water quality criteria. For 
reasonable potential determinations, water quality criteria for chlorine in seawater are 7.5 ug/1 
(criteria continuous concentration) and 13 ug/1 (criteria maximum concentration).

G. Other Discharge Conditions and Limitations
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1. Surfactants, Dispersants, and Detergents. The discharge of surfactants, dispersants, and 
detergents shall be minimized except as necessary to comply with the safety requirements of the 
Occupational Health and Safety Administration and BSEE. The discharge of dispersants to 
marine waters in response to oil or other hazardous spills is not authorized by this permit.

2. Other Toxic and Non-conventional Compounds. There shall be no discharge of diesel oil, 
halogenated phenol compounds, or chrome lignosulfonate.

3. Produced Sands. There shall be no discharge of produced sands.

4. Tracer Materials. Radioactive tracer concentration above the background in the parent, 
discharged waste stream shall be limited as given in 10 CFR 20 Appendix B, Table II, Column 2, 
Effluent Concentrations, Water.

5. Reopener Clause.

a. This permit shall be modified, or altematively, revoked and reissued, to comply 
with any applicable effluent standard or limitation issued or approved under Sections 301(b)(2)(C) 
and (D), 304(b)(2), and 307(a)(2) of the Act, as amended, if the effluent standard, limitation or 
requirement so issued or approved:

1) Contains different conditions or is otherwise more stringent than any 
condition in the permit; or

2) Controls any pollutant or disposal method not addressed in the permit.

The permit as modified or reissued under this paragraph shall also contain any other 
requirements of the Act then applicable.

6. On-Line Oil and Grease Monitors.

For all permittees that may discharge produced water, within one year of the effective date of 
this permit, the permittee shall do either of the following:

a. Install on-line monitoring equipment along with operating procedures ensuring that 
the operator is provided with rapid information conceming potential noncompliance with the 
effluent limits in this permit for oil and grease in produced water as follows:

1) for platforms with an average daily produced water discharge greater than 
100,000 gal/day in the year prior to the permit effective date, install equipment providing real-time 
information or with a brief lag time such as one hour, or

2) for platforms with an average daily produced water discharge less than or 
equal to 100,000 gal/day in the year prior to the permit effective date, install equipment providing 
real-time information or with a lag time such as four hours, or
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b. Provide information to Region 9 demonstrating that the operator has already 
installed monitoring equipment along with operating procedures meeting the above objective in
6.a.

7. Garbage

The discharge of “garbage” (as defined in Part V) is prohibited. Exception: comminuted food 
waste (able to pass through a 25 mm mesh screen) may be discharged when 12 nautical miles or 
more from the nearest land.

8. Cooling Water Intake Structure (CWIS) Requirements

Within one year of the effective date of this permit, each permittee operating a production or 
development facility covered by this permit with a cooling water discharge shall submit a report 
with the information described below. (Alternatively, permittees may jointly submit the 
information; joint submittals shall constitute compliance for those permittees who participate in 
submitting the information jointly.)

a. description of current CWIS and existing measures to minimize entrainment/impingement;

b. assessment of the environmental impacts from entrainment/impingement given current 
practices; and

c. practicality of additional measures to reduce environmental impacts from 
entrainment/impingement.

This permit may be reopened and modified to include additional effluent limits or monitoring 
requirements depending on the information in the report described above.

III. MONITORING, RECORDING AND REPORTING REQUIREMENTS

A. Monitoring Procedures (40 CFR Part 122.41(j)(4)). Monitoring must be conducted 
according to test procedures approved under 40 CFR Part 136, unless other test procedures have 
been specified in the permit.

1. Additional Monitoring Requirements. For effluent monitoring, the Permittee shall utilize 
an EPA-approved test procedure with a minimum level (“ML”) which is lower than the effluent 
limitations. The Permittee must utilize a standard calibration where the lowest standard point is 
equal to or less than the concentration of the minimum level, (“ML”). In accordance with 40 CFR 
122.45(c), effluent analyses for metals shall measure “total recoverable metal.”

2. Additional Reporting Requirements. The permittee shall report the analytical results on 
Discharge Monitoring Report (DMR) forms (EPA Form 3320-1), or alternatively monitoring 
results may also be submitted via EPA’s NetDMR system.
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a. Report for maximum daily effluent limitation (or if no limitation applies but samples
are collected during the monthly reporting period):

i. The maximum value of all analytical results, if the maximum value is greater 
than the ML; or

ii. No discharge/no data (not quantifiable) (NODI (Q)), if the maximum value of 
all analytical results is greater than or equal to the laboratory’s MDL, but less 
than the ML; or

iii. NODI (B) (below detection level)), if the maximum value of all analj^ical 
results is less than the laboratory’s MDL.

b. Report for average monthly effluent limitation (or if no limitation applies but samples
are collected during the monthly reporting period):

i. As directed for maximum daily effluent limitation, if only one sample is 
collected during the monthly reporting period; or

ii. The average value of all analytical results where 0 (zero) is substituted for 
NODI (B) and the laboratory’s MDL is substituted for NODI (Q), if more than 
one sample is collected during the monthly reporting period.

c. Report as an attachment to the DMR form for each value reported under paragraphs 2.a
and 2.b:

1. The number or title of the approved analytical method, preparation procedure 
utilized by the laboratory, and MDL or ML of the analytical method for the 
pollutant available under 40 CFR 136;

2. The laboratory’s MDL for the analytical method computed in accordance with 
Appendix B of 40 CFR 136, the standard deviation (S) from the laboratory’s 
MDL study, and the number of replicate analyses (n) used to compute the 
laboratory’s MDL; and

3. The lowest calibration standard (i.e., the ML, or lower value).

B. Representative Sampling (40 CFR Part 122.41(j)(l)). Samples and measurements taken 
for the purpose of monitoring shall be representative of the monitored activity.

C. Reporting Monitoring Results (40 CFR 122.41). The Permittee shall summarize 
monitoring results each month on the DMR form (EPA No. 3320-l)(40 CFR Part I22.41(l)(4)). or 
alternatively monitoring results may also be submitted via EPA’s NetDMR system. The 
Permittee shall submit reports quarterly, postmarked by the 28th day of the month following each
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quarter, as scheduled below. The Permittee shall sign and certify all DMRs and all other reports, 
in accordance with the requirements of Part IV.(k) of this permit (“Signatory Requirements”).

Quarterly DMR Reporting Periods Facilities
Jan-Mar, Apr-Jun, Jul-Sep, Oct-Dec A, B, C, Harvest, Ellen, Elly, Eureka, Harmony
Feb-Apr, May-Jul, Aug-Oct, Nov-Jan Henry, Hillhouse, Habitat, Irene, Hermosa, Grace,

Heritage
Mar-May, Jun-Aug, Sep-Nov, Dec-Feb Edith, Gilda, Gina, Hidalgo, Gail, Hogan, Hondo,

Houchin

D. Additional Monitoring by Permittee (40 CFR Part 122.41(l)(4)(ii)). If the permittee 
monitors any pollutant more frequently than required by this permit, using test procedures 
approved under 40 CFR Part 136 or as specified in this permit, the permittee shall include the 
results of this monitoring in the calculation and reporting of the data submitted in the DMR.

E. Records Contents (40 CFR 122.41(j)(3)). All records of monitoring information shall 
include:

1. The date, exact place, and time of sampling or measurements;

2. The individual(s) who performed the sampling or measurements;

3. The date(s) analyses were performed;

4. The individual(s) who performed the analyses;

5. The analytical techniques or methods used; and

6. The results of such analyzes.

F. Retention of Records (40 CFR 122.41(j)(2)) The permittee shall retain records of all 
monitoring information, including, all calibration and maintenance records and all original strip 
chart recordings for continuous monitoring instrumentation, copies of all reports required by this 
permit, and records of all data used to complete the application for this permit, for a period of at 
least 3 years from the date of the sample, measurement, report or application. This period may be 
extended by request of the Director at any time. Records retained by the permittee in accordance 
with this requirement shall be maintained at the offshore facility.

IV. STANDARD CONDITIONS

(a) Duty to comply (40 CFR Part 122.41(a)). The Permittee must comply with all conditions of 
this permit. Any permit noncompliance constitutes a violation of the Clean Water Act and is 
grounds for enforcement action; for permit termination, revocation and reissuance, or 
modification; or for denial of a permit renewal application.
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(1) The permittee shall comply with effluent standards or prohibitions established under 
section 307(a) of the Clean Water Act for toxic pollutants and with standards for sewage sludge 
use or disposal established under section 405(d) of the CWA within the time provided in the 
regulations that establish these standards or prohibitions or standards for sewage sludge use or 
disposal, even if the permit has not yet been modified to incorporate the requirement.

(2) The Clean Water Act provides that any person who violates section 301, 302, 306, 307, 
308, 318, or 405 of the Act, or any permit condition or limitation implementing any such sections 
in a permit issued under section 402, or any requirement imposed in a pretreatment program 
approved under section 402(a)(3) or 402(b)(8) of the Act, is subject to a civil penalty not to exceed 
$25,000 per day for each violation. The Clean Water Act provides that any person who 
negligently violates sections 301, 302, 306, 307, 308, 318, or 405 of the Act, or any condition or 
limitation implementing any of such sections in a permit issued under section 402 of the Act, or 
any requirement imposed in a pretreatment program approved under section 402(a)(3) or 
402(b)(8) of the Act is subject to criminal penalties of $2,500 to $25,000 per day of violation, or 
imprisonment of not more^han 1 year, or both. In the case of a second or subsequent conviction 
for a negligent violation, a person shall be subject to criminal penalties of not more than $50,000 
per day of violation, or by imprisonment of not more than 2 years, or both. Any person who 
knowingly violates such sections, or such conditions or limitations is subject to criminal penalties 
of $5,000 to $50,000 per day of violation, or imprisonment for not more than 3 years, or both. In 
the case of a second or subsequent conviction for a knowing violation, a person shall be subject to 
criminal penalties of not more than $100,000 per day of violations, or imprisonment of not more 
than 6 years, or both. Any person who knowingly violates section 301, 302, 303, 306, 307, 308, 
318 or 405 of the Act, or any permit condition or limitation implementing any of such sections in a 
permit issued under section 402 of the Act, and who knows at that time that he thereby places 
another person in imminent danger of death or serious bodily injury, shall, upon conviction be 
subject to a fine of not more than $250,000 or imprisonment of not more than 15 years, or both. In 
the case of a second or subsequent conviction for a knowing endangerment violation, a person 
shall be subject to a fine or not more than $500,000 or by imprisonment of not more than 30 years, 
or both. An organization, as defined in section 309(c)(3)(B)(iii) of the CWA, shall, upon 
conviction of violating the imminent danger provision, be subject to a fine of not more than 
$1,000,000 and can be fined up to $2,000,000 for second or subsequent convictions.

(3) Any person may be assessed an administrative penalty by the Administrator for violating 
section 301, 302, 306, 307, 308, 318, or 405 of this Act, or any permit condition or limitation 
implementing any such sections in a permit issued under section 402 of this Act. Administrative 
penalties for Class I violations are not to exceed $10,000 per violation, with the maximum amount 
of any Class I penalty assessed not to exceed $27,500. Penalties for Class II violations are not to 
exceed $10,000 per day for each day during which the violation continues, with the maximum 
amount of any Class II penalty not to exceed $137,500.

(b) Duty to reapply (40 CFR Part 122.41(b)). If the permittee wishes to continue an activity 
regulated by this permit after the expiration date of this permit, the permittee must apply for and 
obtain a new permit.
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(c) Need to halt or reduce activity not a defense (40 CFR Part 122.41(c)). It shall not be a 
defense for the permittee in an enforcement action that it would have been necessary to halt or 
reduce the permitted activity in order to maintain compliance with the conditions of this permit.

(d) Duty to mitigate (40 CFR Part 122.41(d)). The Permittee shall take all reasonable steps to 
minimize or prevent any discharge or sludge use or disposal in violation of this permit which has a 
reasonable likelihood of adversely affecting human health or the environment.

(e) Proper operation and maintenance (40 CFR Part 122.41(e)). The permittee shall at all 
times properly operate and maintain all facilities and systems of treatment and control (and related 
appurtenances) which are installed or used by the Permittee to achieve compliance with the 
conditions of this permit. Proper operation and maintenance also includes adequate laboratory 
controls and appropriate quality assurance procedures. This provision requires the operation of 
back-up or auxiliary facilities or similar systems which are installed by a permittee only when the 
operation is necessary to achieve compliance with the conditions of the permit.

(f) Permit actions (40 CFR Part 122.41(f)). This permit may be modified, revoked and 
reissued, or terminated for cause. The filing of a request by the permittee for a permit 
modification, revocation and reissuance, or termination, or a modification of planned change or 
anticipated noncompliance does not stay any permit condition.

(g) Property rights (40 CFR Part 122.41(g)). This permit does not convey any property rights 
of any sort, or any exclusive privilege.

(h) Duty to provide information (40 CFR Part 122.41(h)). The permittee shall furnish to the 
Director, within a reasonable time, any information which the Director may request to determine 
whether cause exists for modifying, revoking and reissuing' or terminating this permit or to 
determine compliance with this permit. The permittee shall also fumish to the director upon 
request, copies of records required to be kept by this permit.

(i) Inspection and entry(40 CFR Part 122.41 (i)). The permittee shall allow the Director, or an 
authorized representative (including an authorized contractor acting as a representative of the 
Administrator), upon presentation of credentials and other documents as may be required by law, 
to:

(1) Enter upon the permittee’s premises where a regulated facility or activity is located or 
conducted, or where records must be kept under the conditions of this permit;

(2) Have access to and copy, at reasonable times, any records that must be kept under the 
conditions of this permit;

(3) Inspect at reasonable times any facilities, equipment (including monitoring and control 
equipment), practices, or operations regulated or required under this permit; and
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(4) Sample or monitor at reasonable times, for the purposes of assuring permit complianee or 
as otherwise authorized by the Clean Water Act, any substances or parameters at any location.

(j) Monitoring and records (40 CFR Part 122.41(j)). (See Section III above)

The Clean Water Act provides that any person who falsifies, tampers with, or knowingly 
renders inaccurate any monitoring device or method required to be maintained under this permit 
shall, upon conviction, be punished by a fine of not more than $10,000, or by imprisonment for not 
more than 2 years, or both. If a conviction of a person is for a violation committed after a first 
conviction of such person under this paragraph, punishment is a fine of not more than $20,000 per 
day of violation, or by imprisonment of not more than 4 years, or both. (40 CFR Part 
122.41(j)(5))

(k) Signatory requirement (40 CFR Part 122.41(h)).

(1) All applications, reports, or information submitted to the Director shall be signed and 
certified. (See 40 CFR Part 122.22)

(2) The CWA provides that any person who knowingly makes any false statement, 
representation, or certification in any record or other documents submitted or required to be 
maintained under this permit, including monitoring reports or reports of compliance or 
non-compliance shall, upon conviction, be punished by a fine of not more than $10,000 per 
violation, or by imprisonment for not more than 6 months per violation, or by both.

(I) Reporting requirements (40 CFR Part 122.41(1)).

(1) Planned changes. The permittee shall give notice to the Director as soon as possible of 
any planned physieal alterations or additions to the permitted facility. Notice is required only 
when;

(i) The alteration or addition to a permitted facility may meet one of the criteria for 
determining whether a facility is a new source in 40 CFR Part 122.29(b); or

(ii) The alteration or addition could significantly change the nature or increase the 
quantity of pollutants discharged. This notification applies to pollutants which are subject neither 
to effluent limitations in the permit, nor to notification requirements under 40 CFR Part 
122.42(a)(1).

(iii) The alteration or addition results in a significant change in the permittee’s sludge 
use or disposal practices, and such alteration, addition, or change may justify the application of 
permit conditions that are different from or absent in the existing permit, including notification of 
additional use or disposal sites not reported during the permit application process or not reported 
pursuant to an approved land application plan;
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(2) Anticipated noncompliance. The permittee shall give advance notice to the Director of 
any plarmed changes in the permitted facility or activity which may result in noncompliance with 
permit requirements.

(3) Transfers. This permit is not transferable to any person except after notice to the 
Director. The Director may require modification or revocation and reissuance of the permit to 
change the name of the permittee and incorporate such other requirements as may be necessary 
under the Clean Water Act. (See 40 CFR Part 122.61; in some cases, modification or revocation 
and reissuance is mandatory.)

(4) Monitoring reports. (See Section III above) Calculations for all limitations which 
require averaging of measurements shall utilize an arithmetic mean unless otherwise specified by 
the Director in the permit. (40 CFR Part 122.41(l)(4)(iii))

(5) Compliance schedules. Reports of compliance or noncompliance with, or any progress 
reports on, interim and final requirements contained in any compliance schedule of this permit 
shall be submitted no later than 14 days following each schedule date. (40 CFR Part 122.41(1)(5))

(6) Twenty-four hour reporting. (40 CFR Part 122.41(1)(6))

(i) The Permittee shall report any noncompliance which may endanger health or the 
environment. Any information shall be provided orally within 24 hours from the time the 
permittee became aware of the circumstances. Twenty-four hour reporting may be made at 
1-800-300-2193. A written submission shall be provided within 5 days of the time the permittee 
becomes aware of the circumstances. The written submission shall contain a description of the 
noncompliance and its causes; the period of noncompliance, including exact dates and times, and 
if the noncompliance has not been corrected, the anticipated time it is expected to continue; and 
steps taken or planned to reduce, eliminate, and prevent reoccurrence of the noncompliance.

(ii) The following shall be included as information which must be reported within 24 
hours under this paragraph.

(A) Any unanticipated bypass which exceeds any effluent limitation in the 
permit (See §122.41(g)).

(B) Any upset which exceeds any effluent limitation in the permit.

(C) Violation of a maximum daily discharge limitation for any of the 
pollutants listed by the Director in the permit to be reported within 24-hours. (See 40 CFR Part 
122.44(g)).

(iii) The Director may waive the written report on a case-by-case basis for reports 
under 40 CFR Part 122.41(l)(6)(ii) if the oral report has been received within 24 hours.
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(7) Other noncompliance. The permittee shall report all instances of noncompliance, not 
reported under 40 CFR Part 122.41(1)(4), (5), and (6), at the time monitoring reports are submitted. 
The report shall contain the information in 40 CFR Fart 122.41(1)(6).

(8) Other information. Where the permittee becomes aware that it failed to submit any 
relevant facts in a permit application, or submitted incorrect information in a permit application or 
in any report to the Director, it shall promptly submit such facts or information.

(m) Bypass (40 CFR Part 122.41(m)).

(1) Definitions.

(i) Bypass means the intentional diversion of waste streams from any portion of a 
treatment facility.

. (ii) Severe property damage means substantial physical damage to property, damage to 
the treatment facilities which causes them to become inoperable, or substantial and permanent 
loss of natural resources which can reasonably be expected to occur in the absence of a bj^ass. 
Severe property damage does not mean economic loss caused by delays in production.

(2) Bypass not exceeding limitations. The Permittee may allow any b)^ass to occur that 
does not cause effluent limitations to be exceeded, but only if it also is for essential maintenance to 
assure efficient operation. These bypasses are not subject to the provisions of 40 CFR Part 
122.41(m)(3) and (m)(4).

(3) Notice.

(i) Anticipated bypass. If the Permittee knows in advance of the need for a bypass, it 
shall submit prior notice, if possible at least 10 days before the date of the bypass.

(ii) Unanticipated bypass. The permittee shall submit notice of an unanticipated 
bypass as required in 40 CFR Part 122.41(1)(6) (24-hour notice).

(4) Prohibition o f bypass.

(i) Bypass is prohibited, and the Director may take enforcement action against the 
permittee for a bypass, unless:

(A) Bypass was unavoidable to prevent loss of life, personal injury, or severe
property damage;

(B) There were no feasible alternatives to the bypass, such as the use of 
auxiliary treatment facilities, retention of untreated wastes, or maintenance during normal periods 
of equipment downtime. This condition is not satisfied if adequate back-up equipment should
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have been installed in the exercise of reasonable engineering judgment to prevent a bypass which 
occurred during normal periods of equipment downtime or preventive maintenance; and

(C) The Permittee submitted notices as required under 40 CFR Part
122.41(m)(3).

(ii) The Director may approve an anticipated bypass, after considering its adverse 
effects, if the Director determines that it will meet the three conditions listed above in 40 CFR Part 
122.41(m)(4)(i).

(n) Upset (40 CFR Part 122.41(n)).

(1) Definition. Upset means an exceptional incident in which there is unintentional and 
temporary noncompliance with technology based permit effluent limitations because of factors 
beyond the reasonable control of the permittee. An upset does not include noncompliance to the 
extent caused by operational error, improperly designed treatment facilities, inadequate treatment 
facilities, lack of preventive maintenance, or careless or improper operation.

(2) Effect o f an upset. An upset constitutes an affirmative defense to an action brought for 
noncompliance with such technology-based permit effluent limitations if the requirements of 
paragraph (n)(3) of this section are met. No determination made during administrative review of 
claims that noncompliance was caused by upset, and before an action for noncompliance, is final 
administrative action subject to judicial review.

(3) Conditions necessary for demonstration o f an upset. A permittee who wishes to 
establish the affirmative defense of upset shall demonstrate through properly signed, 
contemporaneous operating logs, or other relevant evidence that:

(i) An upset occurred and that the Permittee can identify the cause(s) of the upset;

(ii) The permitted facility was at the time being properly operated; and

(iii) The permittee submitted notice of the upset as required in 40 CFR Part 122.41
(l)(6)(ii)(B) (24-hour notice).

(iv) The permittee complied with any remedial measures required under 40 CFR Part
122.41(d).

(4) Burden of proof In any enforcement proceeding the permittee seeking to establish the 
occurrence of an upset has the burden of proof.
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V. DEFINITIONS

“Acute-to-chronic ratio” (ACR) is the ratio of the acute toxicity of an effluent or a toxicant to its 
chronic toxicity. It is used as a factor for estimating chronic toxicity on the basis of acute toxicity 
data, or for estimating acute toxicity on the basis of chronic toxicity data.

“Acute toxic unit (TUa)” is a measure of acute toxicity. The number of acute toxic imits in the 
effluent is calculated as 100/LC50, where the LC50 is measured in percent effluent.

“Average of daily values for 30 consecutive days” shall be the average of the daily values obtained 
during any 30 consecutive day period. (40 CFR Part 435.11)

“Average monthly discharge limitation” means the highest allowable average of “daily 
discharges” over a calendar month, calculated as the sum of all “daily discharges” measured 
during a calendar month divided by the number of “daily discharges” measured during that month.

“Average quarterly flow” means the average of the “monthly average” wastewater flows as 
reported on the previous quarter’s DMR, based only on those months in which discharges 
occurred.

“Bbl/d” means barrels per day. One barrel equals 42 United States gallons at 60 degrees 
Fahrenheit.

“Chronic toxic unit” (TUc) is the reciprocal of the effluent concentration that causes no observable 
effect on the test organisms by the end of the chronic exposure period (e.g., lOO/NOEC).

“Chronic toxicity” is defined as a long-term test in which sublethal effects (e.g., reduced growth or 
reproduction) are usually measured in addition to lethality. Chronic toxicity is defined as TUc = 
lOO/NOEC or TUc = 100/EC or 1C. The 1C and EC value should be the approximate equivalent 
of the NOEC calculated by hypothesis testing for each test method.

“Coefficient of variation” (CV) is a standard statistical measure of the relative variation of a 
distribution of set of data, defined as the standard deviation divided by the mean.

“Composite sample” means a collection of individual samples obtained at regular intervals, 
usually based upon time or flow volume. (Permit Writers Guide) The compositing period 
should be appropriate to ensure representative sampling of the discharge.

“Cooling water intake structure” means the total physical structure and any associated constructed 
waterways used to withdraw cooling water from waters of the United States. The cooling water 
intake structure extends from the point at which wafer is withdrawn from the surface water source 
up to, and including, but not limited to, the intake pumps.
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“Daily discharge” means the discharge of a pollutant measured during a calendar day or any 
24-hour period that reasonably represents the calendar day for purposes of sampling. The daily 
discharge is calculated as the average measurement of the pollutant over the day.

“Daily values” as applied to produced water effluent limitations shall refer to the daily 
measurements used to assess compliance with the maximum for any one day. (40 CFR Part
435.11)

“Deck drainage” shall refer to any waste resulting from deck washings, spillage, rainwater, and 
mnoff from gutters and drains including drip pans and work areas within facilities subject to this 
subpart. Within the definition of deck drainage for the purpose of this subpart, the term rainwater 
for those facilities located on land is limited to that precipitation mnoff that reasonably has the 
potential to come into contact with process wastewater. Runoff not included in the deck drainage 
definition would be subject to control as storm water under 40 CFR Part 122.26. For structures 
located over water, all mnoff is included in the deck drainage definition. (40 CFR Part 435.11)

“Development facility” shall mean any fixed or mobile stmcture subject to this subpart that is 
engaged in the drilling of productive wells. (40 CFR Part 435.11)

“Diesel oil” shall refer to the grade of distillate fuel, as specified in the American Society for 
Testing and Materials Standard Specifications D975-81, that is typically used as the continuous 
phase in conventional oil-based drilling fluids. (40 CFR Part 435.11)

“Dilution ratio. Dm” is the value calculated in accordance with Appendix A - dilution expressed in 
parts seawater per part wastewater.

“Director” means the Director, Water Division of EPA, Region 9.

“Domestic wastes” shall refer to materials discharged from, sinks, showers, laundries, safety 
showers, eye-wash stations, hand-wash stations, fish-cleaning stations, and galleys located within 
facilities subject to this subpart. (40 CFR Part 435.11)

“Drill cuttings” shall refer to the particles generated by drilling into subsurface geologic 
formations and carried to the surface with the drilling fluid. (40 CFR 435.11)

“Drilling fluid” means the circulating fluid (mud) used in the rotary drilling of wells to clean and 
condition the hole and to counterbalance formation pressure. A water-based drilling fluid is the 
conventional drilling mud in which water is the continuous phase and the suspended medium for 
solids, whether or not oil is present. An oil based drilling fluid has diesel oil, mineral oil, or some 
other oil as its continuous phase with water as the dispersed phase.

“Effect concentration” (EC) is a point estimate of the toxicant concentration that would cause an 
observable adverse effect (such as death, immobilization, or serious incapacitation) in a given 
percentage of the test organisms.
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Entrainment” means the incorporation of all life stages of fish and shellfish with intake water 
flow entering and passing through a cooling water intake stmcture and into a cooling water 
system.

“Excess Cement Slurry” means excess mixed cement, including additives and wastes from 
equipment washdown after a cementing operation.

“Exploratory facility” shall mean any fixed or mobile structure subject to this subpart that is 
engaged in the drilling of wells to determine the nature of potential hydrocarbon reservoirs. (40 
CFR Part 435.11)

“Garbage” means all kinds of food wastes, wastes generated in living areas on the facility, and 
operational waste, excluding fresh fish and parts thereof, generated during the normal operation of 
the facility and liable to be disposed of continuously or periodically, except dishwater, graywater, 
and those substances that are defined or listed in other Annexes to MARPOL 73/78.

“Grab” sample is a single sample collected at a particular time and place that represents the 
composition of the wastestream only at that time and place.

“Graywater” means drainage from dishwater, shower, laundry, bath, and washbasin drains and 
does not include drainage from toilets, urinals, hospitals, and cargo spaces.

“Impingement” means the entrapment of all life stages of fish and shellfish on the outer part of an 
intake structure or against a screening device during periods of intake water withdrawal.

“Inhibition concentration” (IC) is a point estimate of the toxicant concentration that would cause a 
given percent reduction in a non-quantal biological measurement (e.g., reproduction or growth) 
calculated from a continuous model (e.g., USEPA Interpolation Method).

“LCso” means the concentration of effluent that is acutely toxic to 50 percent of the test organisms 
exposed.

“Lowest observed effect concentration” (LOEC) is the lowest concentration of toxicant to which 
organisms are exposed in a test, which causes adverse effects on the test organisms (i.e., where the 
values for the observed endpoints are statistically significant different from the control).

“Maintenance waste” means materials collected while maintaining and operating the facility, 
including, but not limited to, soot, machinery deposits, scraped painted, deck sweepings, wiping 
wastes, and rags.

“Maximum” as applied to BAT effluent limitations for drilling fluids and drill cuttings means the 
maximum concentration allowed as measured in any single sample of the barite for determination 
of cadmium and mercury content (40 CFR 435.11).

“Maximum daily discharge limitation” means the highest allowable “daily discharge.”
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“Method detection limit (MDL)” means the minimum concentration of an analyte that can be 
detected with 99% confidence that the analyte concentration is greater than zero as determined by 
a specific laboratory method listed in 40 CFR Part 136. The procedure for determination of a 
laboratory MDL is in 40 CFR Part 136, Appendix B.

“Minimum” as applied to BAT effluent limitations for drilling fluids and drill cuttings shall mean 
the minimnm 96-hour LC50 value allowed as measured in any single sample of the discharged 
waste stream. The term minimum as applied to BPT and BCT effluent limitations and NSPS for 
sanitary wastes shall mean the minimum concentration value allowed as measured in any single 
sample of the discharged waste stream. (40 CFR 435.11)

“Minimum dilution limit” means the lowest dilution ratio for the wastestream to avoid reasonable 
potential to exceed water quality criteria set forth in Appendix D of this permit.

“Minimum level” (ML) is the concentration at which the entire analytical system must give a 
recognizable signal and acceptable calibration point. The ML is the concentration in a sample 
that is equivalent to the concentration of the lowest calibration standard analyzed by a specific 
analytical procedure, assuming that all of the method-specified sample weights, volumes, and 
processing steps have been followed (as defined in EPA’s draft National Guidance for the 
Permitting. Monitoring, and Enforcement of Water Quality-Based Effluent Limitations Set Below 
Analytical Detection/Quantitative Levels. March 22,1994). Promulgated method-specified MLs 
are contained in 40 CFR Part 136, Appendix A and must be utilized if available. If a promulgated 
method-specific ML is not available, then an interim ML shall be calculated. The interim ML is 
equal to 3.18 times the promulgated method-specific MDL rounded to the nearest multiple of 1, 2, 
5,10, 50 etc.

“Minimum significant difference” (MSD) is the magnitude of difference from control where the 
null hypothesis is rejected in a statistical test comparing a treatment with a control. MSD is based 
on the number of replicates, control performance and power of the test.

“Mixing zone” means the zone extending from the sea’s surface to seabed and extending laterally 
to a distance of 100 meters in all directions from the discharge point or to the boundary of the zone 
of initial dilution as calculated by a plume model or other method approved by the Regional 
Administrator, whichever is larger (40 CFR 125.121(c)).

“mg/kg” means milligrams per kilogram.

“mg/1” means milligrams per liter.

“Monthly average” means the average of “daily discharges” over a monitoring month calculated as 
the sum of all “daily discharges” measured divided by the number of “daily discharges” measured 
during that month.
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“M9IM” shall mean those offshore facilities continuously marmed by nine (9) or fewer persons or 
only intermittently manned by any number of persons. (40 CFR 435.11)

“MIG” shall mean those offshore facilities continuously manned by ten (10) or more persons. (40 
CFR 435.11)

“New source” means any facility or activity of this subcategory that meets the definition of “new 
source” under 40 CFR Part 122.2 and meets the criteria for determination of new sources under 40 
CFR 122.29(b) applied consistently with all of the following definitions:

(1) The term water area as used in the term “site” in 40 CFR 122.29 and 122.2 shall mean the 
water area and ocean floor beneath any exploratory, development, or production facility where 
such facility is conducting its exploratory, development or production activities.
(2) The term significant site preparation work as used in 40 CFR 122.29 shall mean the 
process of surveying, clearing or preparing an area of the ocean floor for the purpose of 
constructing or placing a development or production facility on or over the site. “New 
Source” does not include facilities covered by an existing NPDES permit immediately prior to 
the effective date of these guidelines pending EPA issuance of a new source NPDES permit. 
(40 CFR Part 435.11)

“No discharge of free oil” shall mean that waste streams may not be discharged when they would 
cause a film or sheen upon or a discoloration of the surface of the receiving water or fail the static 
sheen test defined in Appendix 1 to 40 CFR 435, Subpart A. (40 CFR 435.11)

“Non-aqueous based drilling fluid” is one in which the continuous phase is a water immiscible 
fluid such as an oleaginous material (e.g., mineral oil, enhanced mineral oil, paraffinic oil, or 
synthetic material such as olefins and vegetable esters).

“No observed effect concentration” (NOEC) is the highest concentration of toxicant to which 
organisms are exposed in a full life-cycle or partial life-cycle (short-term) tests, that causes no 
observable adverse effect on the test organisms (i.e., the highest concentration of toxicant at which 
the values for the observed responses are not statistically significant different from the controls). 
NOECs calculated by hypothesis testing are dependent upon the concentrations selected.

“Operational waste” means ail cargo associated waste, maintenance waste, cargo residues, and 
ashes and clinkers from incinerators and coal burning boilers.

“Produced sands” shall refer to slurried particles used in hydraulic fracturing, the accumulated 
formation sands and scales particles generated during production. Produced sand also includes 
desander discharge from the produced water waste stream, and blowdown of the water phase from 
the production water treating system. (40 CFR Part 435.11)

“Produced water” shall refer to the water (brine) brought up from the hydrocarbon-bearing strata 
during the extraction of oil and gas, and can include formation water, injection water, and any 
chemicals added downhole or during the oil/water separation process. (40 CFR 435.11)
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“Production facility” shall means any fixed or mobile structure subject to this subpart that is either 
engaged in well completion or used for active recovery of hydrocarbons from producing 
formations. (40 CFR 435.11)

“Quarterly dilution value” means the dilution ratio using the “average quarterly flow.”

“Reference toxicant test” indicates the sensitivity of the organisms being used and the suitability of 
the test methodology. Reference toxicant data are part of routine QA/QC program to evaluate the 
performance of laboratory personnel and test organisms.

“Sanitary wastes” shall refer to human body waste discharged from toilets and urinals located 
within the facilities subject to this subpart. (40 CFR 435.11)

“Significant difference” is defined as statistically significant difference (e.g., 95% confidence 
level) in the means of two distributions of sampling results.

“Static sheen test” shall refer to the standard test procedures that has been developed for this 
industrial subcategory for the purpose of demonstrating compliance with the requirement of no 
discharge of free oil The methodology for performing the static sheen test is presented in 
Appendix 1 to 40 CFR 435, subpart A. (40 CFR 435.11)

“Test acceptability criteria” (TAC) For toxicity tests results to be acceptable for compliance, the 
effluent and the concurrent reference toxicant must meet specific criteria as defined in the test 
method (e.g., Ceriodaphnia dubia survival and reproduction test, the criteria are: the test must 
achieve at least 80% survival and average 15 young/female in the controls, and achieve a MSD of 
20%).

“Toxicity” as applied to BAT effluent limitations for drilling fluids and drill cuttings shall refer to 
the bioassay test procedure presented in Appendix 2 of 40 CFR Part 435, subpart A. (40 CFR Part
435.11)

“Toxicity identification evaluation” (TIE) is a set of procedures to identify the specific cbemical(s) 
responsible for effluent toxicity. TlEs are a subset of the TRE.

“Toxicity reduction evaluation” (TRE) is a site-specific study conducted in a stepwise process 
designed to identify the causative agents of effluent toxicity, isolate the sources of toxicity, 
evaluate the effectiveness of toxicity control options, and then confirm the reduction in effluent 
toxicity.

“Toxicity tests” are laboratory experiments which employ the use of standardized test organisms 
to measure the adverse effect (e.g., growth, survival or reproduction) of effluent or ambient waters.
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“Well completion fluids” shall refer to salt solutions, weighted brines, polymers, and various 
additives used to prevent damage to the well bore during operations which prepare the drilled well 
for hydrocarbon production. (40 CFR Part 435.11)

“Well treatment fluids” shall refer to any fluid used to restore or improve productivity by 
chemically or physically altering hydrocarbon-bearing strata after a well has been drilled. (40 
CFR Part 435.11)

“Whole effluent toxicity” (WET) is the total toxic effect of an effluent or receiving water measured 
directly with a toxicity test.

“Workover fluids” shall refer to salt solutions, weighted brines, polymers, or other specialty 
additives used in a producing well to allow for maintenance, repair or abandonment procedures. 
(40 CFR Part 435.11)

“96-hour LC50” shall refer to the concentration (parts per million) or percent of the suspended 
particulate phase (SPP) from a sample that is lethal to 50 percent of the test organism exposed to 
that concentration of the SPP after 96 hours of constant exposure. (40 CFR Part 435.11)

“pg/1” means micrograms per liter.

Appendix A-Dilution

A. Calculation of Effluent Concentration at the Point of Compliance

Effluent limitations for parameters identified in Appendices B and C shall be determined 
through the use of the following equation; Co = (Cg + DmCs)/(Dm +1)

where Cq = Concentration at the edge of the mixing zone,
Cg = the end-of-pipe effluent concentration,
Cs = the background seawater concentration (see Table 1), and 
Dm = the dilution ratio expressed in parts seawater per part wastewater.

On the DMR required in Part III.C , the Permittee shall report post-dilution results (Cq) so  as to 
be directly comparable to the limits specified in Appendices B and C. The end-of-pipe sampling 
results (Cg) and dilution ratio (Dm) shall be submitted as a supplement to the DMR.

Table 1. Seawater Background Concentrations (Cs)

Constituent Cs (ug/1)

Arsenic 3

Copper 2

Mercury 0.0005
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Silver 0.16

Zinc 8

For waste constituents not listed in Table 1, the seawater background concentration (Cs) is 
assumed to be 0 mg/1.

B. Calculation of Dilution

The dilution ratio at the point of compliance shall be determined by permittees using the model 
JMES Edition or la 

instructions follow below.
PLUMES (3'̂ '̂  Edition or later editions when available) with specific input conditions. Specific

Permittees wishing to increase mixing may do so by using a diffuser or diffusers, adding sea 
water to the effluent, or installing multiple discharge ports.

Hydraulic considerations may indicate that flow rates from equal sized ports cormected to a 
common vertical down-pipe will vary with depth. Permittees may adjust flows from individual 
ports by varying the port diameters. In this case, a “discharge volume” weighted average port 
diameter may be used in Parts 4 through 6, below, when determining the dilution ratio as long as 
the maximum and minimum port diameters are within 50 percent of each other. On the other 
hand, if ports of equal size are used, the average flow rate through a port may be used when 
determining the dilution ratio as long as the maximum and minimum port flow rates are within 20 
percent of each other. Port sizes or port flow rates outside the range of these conditions shall have 
the dilution ratio calculated separately for each port and the lowest dilution ratio that is obtained 
shall be used to demonstrate compliance with the effluent limitations identified in Part II.B and 
ILF.

1. Determination of the Dilution Ratio Using PLUMES. The permittee shall use site 
specific values for the following discharge and ambient conditions:

a. Discharge Conditions. Effluent temperature at the port and salinity (which 
determine effluent density), discharge rate, decay coefficient, port diameter (for single port 
discharges or multiple port discharges that do not merge), diffuser configuration (port diameter 
and spacing, number of ports), and port orientation (dip angle and azimutb).

b. Ambient Conditions. Current speed (median value is acceptable), ambient density 
at the port, ambient density gradient

c. Typical Conditions. In lieu of using site specific ambient conditions, a permittee 
may utilize the following typical Southern California OCS ambient conditions in the model: 
current speed = 0.115 m/s, ambient density at discharge port = 1025.6 kg/m3, ambient density 
gradient = 0.01 kg/m3/m.
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d. When sea water is added to produced water prior to discharge, the total produced 
water flow, including the added sea water, shall be used in determining the dilution ratio.

e. The permittee shall retain calculation sheets showing how the dilution ratio was 
determined.

2. Use of the PLUMES Model. The permittee shall use the “UM” module of the PLUMES 
model. Printed output listings (direct output to “pm”) from PLUMES which are used to 
determine the critical dilution ratio shall be retained as part of the permittee's NPDES records. 
The dilution ratio is the value in the second column at the end of the output listing when the “far 
dis” field (see below) is set to the point of compliance. This is the dilution ratio determined 
according to the 4/3 power law. Settings of individual fields of the PLUMES input screen are 
discussed in the following paragraphs.

a. Configuration String. The permittee shall ensure that the configuration string 
shown near the bottom of the PLUMES input screen is set appropriately for the conditions being 
modeled. For example, if conditions are such that the plume direction will reverse near the 
discharge port, it is appropriate to set the configuration screen to read “ATNM2”. If there is no 
such reversal, it is appropriate to retain the default configuration string “ATNOO”.

b. “Linear” vs. “non-linear” mode. PLUMES may be mn in linear mode (i.e., 
specifying ambient densities and effluent densities only) according to the results of the following 
test using Figure 1 of this Appendix. In Figure 1, compute (A) the absolute value of the difference 
(in practical salinity units) between the effluent salinity and the salinity at the effluent temperature 
for which the density is the same as the ambient density; compute (B) the absolute value of the 
effluent temperature minus the ambient temperature in degrees C. Linear mode can only be used 
when the ratio of A over B is greater than 0.5.

c. Far-field distance (“far dis” field). This should be set to 100 meters (i.e., the outer 
edge of the mixing zone).

d. Far-field increment (“far inc” field). This should be set so that an integer multiple 
equals 100. The value 20 is suggested.

e. Print frequency (“print frq” field). Normally the default value should be used 
here. In certain instances, the initial dilution ratio calculation may extend beyond 100 meters 
(this will be necessary to calculate dilution at the seaward boundary of the territorial seas of the 
State of California). In such cases the initial dilution ratio calculation will have to be interpolated 
to determine the critical dilution ratio at 100 meters. Setting “print frq” to a smaller value (say 10) 
will provide the necessary resolution.

f. Vertical angle (“ver angle” field). A port pointing straight down will have a 
vertical angle of -90., A port pointing straight up will have a vertical angle of 90. A horizontal 
port will have a vertical angle of zero.
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g. Contraction Coefficient (“cont coef ’ field). For discharges from a straight pipe, 
the contraction coefficient shall be set to 1.0. For discharges from a port that is a sharp edged 
orifice for which the exit velocity based on the area of the orifice is greater than 0.5 m/s, the 
contraction coefficient shall be set to 0.61.

h. Far-field dissipation parameter (“far dif ’ field). This input variable should be set 
to 0.000462 [m^(2/3)]/s, a value appropriate for the California OCS.

i. Far-field velocity (“far vel” field). This variable shall be set to the same value as 
used in the current profile (“current” fields in the lower left quadrant of the input screen).

j . Ambient density (“density” in the lower left quadrant of the input screen). In linear 
mode, these values should be set to provide the required linear density gradient and the required 
ambient density at the discharge port. In non-linear mode, these values will be calculated by 
PLUMES.

k. Ambient salinity and temperature (“salinity” and “temp” fields). In non-linear 
mode, these values are specified such that the required linear density gradient and the required 
ambient density at the discharge point are obtained.

For the analysis, of horizontal diffusers with multiple ports or multiple discharge points spaced 
horizontally, the “#_ports” and “spacing” fields must be set appropriately. In case of parallel 
currents, where the velocity vector lies less than 20 degrees off the diffuser axis, a minimum value 
of 20 degrees should be specified. For example, a cross-current is specified by a horizontal angle 
of 90 degrees. A current flowing obliquely across the diffuser at 45 degrees would have a 
horizontal angle value of 45 degrees. This angle should be between 45 and 135 degrees.
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Figure 1. Density (sigma-t) Contours
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Appendix B - Platform Specific Requirements for Produced Water

The effluent limitations (where applicable) in the following tables are applicable following 
initial dilution in the mixing zone defined in Part V of the general permit. Compliance with the 
limits shall be calculated in accordance with Appendix A of the general permit. The monthly 
sample must comply with the more stringent of the maximum daily or monthly average effluent 
limit.

Table B-1 - Requirements for Platform A

Constituent Maximum 
Daily Limit

Average 
Monthly Limit

Measurement
Frequency

Sample
Type

Reported
Values

Copper Once/year Grab Daily Max

Benzo (a) Pyrene Once/year Grab Daily Max

Benzo (b) 
Fluoranthene

Once/year Grab Daily Max

Benzo (k) 
Fluoranthene

Once/year Grab Daily Max

Table B-2 - Requirements for Platform B

Constituent Maximum 
Daily Limit

Average 
Monthly Limit

Measurement
Frequency

Sample
Type

Reported
Values

Benzo (a) Pyrene Once/year Grab Daily Max

Benzo (k) 
Fluoranthene

Once/year Grab Daily Max

Benzo (b) 
Fluoranthene

Once/year Grab Daily Max

Table B-3 - Requirements for Platform Editb

Constituent Maximum 
Daily Limit

Average 
Monthly Limit

Measurement. 
Frequency

Sample
Type

Reported
Values

Zinc Once/year Grab Daily Max
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Table B-4 - Requirements for Platform Elly

Constituent Maximum 
Daily Limit

Average 
Monthly Limit

Measurement
Frequency

Sample
Type

Reported
Values

Zinc Once/year Grab Daily Max

Table B-5 - Requirements for Platform Gail

Constituent Maximum 
Daily Limit

Average 
Monthly Limit

Measurement
Frequency

Sample
Type

Reported
Values

Benzene Once/year Grab Daily Max

Benzo (a) Pyrene Once/year Grab Daily Max

Undissociated
Sulfide

0.00579 mg/1 0.00167 mg/1 Once/month Grab Daily Max and 
Monthly Ave

Table B-6 - Requirements for Platform Gilda

Constituent Maximum 
Daily Limit

Average 
Monthly Limit

Measurement
Frequency

Sample
Type

Reported
Values

Copper Once/year Grab Daily Max

Benzo (a) 
Anthracene

Once/year Grab Daily Max

Benzo (a) Pyrene Once/year Grab Daily Max

Benzo (k) 
Fluoranthene

Once/year Grab Daily Max

Benzo (b) 
Fluoranthene

Once/year Grab Daily Max

Chrysene Once/year Grab Daily Max
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Dibenzo (a,h) 
Anthracene

Once/year Grab Daily Max

Undissociated
Sulfide

0.00579 mg/1 0.00139 mg/1 Once/month Grab Daily Max and 
Monthly Ave

Table B-7 - Requirements for Platform Gina

Constituent Maximum 
Daily Limit

Average 
Monthly Limit

Measurement
Frequency

Sample
Type

Reported
Values

Ammonia Once/year Grab Daily Max

Copper Once/year Grab Daily Max

Benzo (a) Pyrene Once/year Grab Daily Max

Benzo (k) 
Fluoranthene

Once/year Grab Daily Max

Benzo (b) 
Fluoranthene

Once/year Grab Daily Max

Table B-8 - Requirements for Platform Habitat

Constituent Maximum 
Daily Limit

Average 
Monthly Limit

Measurement 
. Frequency

Sample
Type

Reported
Values

Copper Once/year Grab Daily Max

Benzene Once/year Grab Daily Max

Benzo (a) Pyrene Once/year Grab Daily Max

Benzo (k) 
Fluoranthene

Once/year Grab Daily Max

Benzo (b) 
Fluoranthene

Once/year Grab Daily Max

Dibenzo (a,h) 
Anthracene

Once/year Grab Daily Max
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Undissociated Once/year Grab Daily Max
Sulfide

Table B-9 - Requirements for Platform Harmony

No requirements

Table B-10 - Requirements for Platform Harvest

Constituent Maximum 
Daily Limit

Average 
Monthly Limit

Measurement
Frequency

Sample
Type

Reported
Values

Ammonia Once/year Grab Daily Max

Copper Once/year Grab Daily Max

Benzene 0.022 mg/1 0.0059 mg/1 Once/month Grab Daily Max and 
Monthly Ave

Benzo (a) 
Anthracene

Once/year Grab Daily Max

Benzo (a) Pyrene Once/year Grab Daily Max

Benzo (k) 
Fluoranthene

Once/year Grab Daily Max

Benzo (b) 
Fluoranthene

Once/year Grab Daily Max

Chrysene Once/year Grab Daily Max

Dibenzo (a,h) 
Anthracene

Once/year Grab Daily Max

Undissociated
Sulfide

0.00579 mg/1 0.00399 mg/1 Once/month Grab Daily Max and 
Monthly Ave
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Table B-11 - Requirements for Platform Hermosa

Constituent Maximum 
Daily Limit

Average 
Monthly Limit

Measurement
Frequency

Sample
Type

Reported
Values

Copper Once/year Grab Daily Max

Benzene Once/year Grab Daily Max

Benzo (a) 
Anthracene

Once/year Grab Daily Max

Benzo (a) Pyrene Once/year Grab Daily Max

Benzo (k) 
Fluoranthene

Once/year Grab Daily Max

Benzo (b) 
Fluoranthene

Once/year Grab Daily Max

Chrysene Once/year Grab Daily Max

Dibenzo (a,h) 
Anthracene

Once/year Grab Daily Max

Undissociated
Sulfide

0.00577 mg/1 0.0049 mg/1 Once/month Grab Daily Max and 
Monthly Ave

Table B-12 - Requirements for Platform Hidalgo

Constituent Maximum 
Daily Limit

Average 
Monthly Limit

Measurement
Frequency

Sample
Type

Reported
Values

Benzene Once/year Grab Daily Max

Benzo (k) 
Fluoranthene

Once/year Grab Daily Max

Benzo (b) 
Fluoranthene

Once/year Grab Daily Max

Chrysene Once/year Grab Daily Max

Undissociated
Sulfide

Once/year Grab Daily Max
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Table B-13 - Requirements for Platform Hillhouse

Constituent Maximum 
Daily Limit

Average 
Monthly Limit

Measurement
Frequency

Sample
Type

Reported
Values

Benzo (a) 
Anthracene

Once/year Grab Daily Max

Benzo (a) Pyrene Once/year Grab Daily Max

Benzo (k) 
Fluoranthene

Once/year Grab Daily Max

Benzo (b) 
Fluoranthene

Once/year Grab Daily Max

Chrysene Once/year Grab Daily Max

Dibenzo (a,h) 
Anthracene

Once/year Grab Daily Max

Table B-14 - Requirements for Platform Hogan

Constituent Maximum 
Daily Limit

Average 
Monthly Limit

Measurement
Frequency

Sample
Type

Reported
Values

Copper Once/year Grab Daily Max

Hexavalent
Chromium

Once/year Grab Daily Max

Benzene 0.0176 mg/1 0.0059 mg/1 Once/month Grab Daily Max and 
Monthly Ave

Benzo (a) Pyrene Once/year Grab Daily Max

Benzo (k) 
Fluoranthene

Once/year Grab Daily Max

Benzo (b) 
Fluoranthene

Once/year Grab Daily Max

Dibenzo (a,h) 
Anthracene

Once/year Grab Daily Max
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Appendix C - Platform Specific Requirements for Chlorine in Cooling Water and Fire 
Control System Test Water Discharges

The effluent limitations for chlorine in the following tables are applicable following initial 
dilution in the mixing zone defined in Part V of the general permit. Compliance with the limits 
shall be determined through the use of the following equation:

Co = Ce/(1 + Dm)

Where Co = the concentration at the edge of the mixing zone,
Ce = the end-of-pipe concentration prior to dilution, and
Dm = the dilution ratio expressed in parts seawater per part wastewater.

On the Discharge Monitoring Report (DMR) required by Part III.C of the general permit, the 
permittee shall report post-dilution results (Cq) so as to be directly comparable to the effluent limits 
in the tables. The end-of-pipe sampling result (Ce) and Dm shall be submitted as a supplement to 
the DMR.

Table C-1 -  Effluent Limitations and Monitoring Requirements for Cooling Water

Platform Maximum 
Daily Limit

Average 
Monthly Limit

Measurement
Frequency

Sample
Type

Reported
Values

Ellen* 0.0104 mg/l 0.00583 mg/l Once/quarter Grab Daily Max and 
Monthly Ave

Elly 0.0102 mg/l 0.00585 mg/l Once/quarter Grab Daily Max and 
Monthly Ave

Eureka* 0.0102 mg/l 0.00585 mg/l Once/quarter Grab Daily Max and 
Monthly Ave

Gail Once/year Grab Daily Max and 
Monthly Ave

Grace Once/year Grab Daily Max and 
Monthly Ave

Harvest 0.0104 mg/l 0.00583 mg/l Once/quarter Grab Daily Max and 
Monthly Ave

Hermosa Once/year Grab Daily Max and 
Monthly Ave

Hidalgo Once/year Grab Daily Max and 
Monthly Ave

Irene 0.013 mg/l 0.00526 mg/l Once/quarter Grab Daily Max and 
Monthly Ave
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*For Platforms Ellen and Eureka, the permittee shall separately demonstrate compliance with 
these effluent limits for discharges of cooling water only and for cooling water mixed with excess 
chlorinated seawater. The permittee may sample cooling water or cooling water mixed with 
excess chlorinated seawater for the demonstration.

Table C-2 -  Effluent Limitations and Monitoring Requirements for Fire Control System Test 
Water

Platform Maximum 
Daily Limit

Average 
Monthly Limit

Measurement
Frequency

Sample
Type

Reported
Values

Harvest 0.0123 mg/l 0.00560 mg/l Once/quarter Grab Daily Max and 
Monthly Ave

Hermosa 0.000953 mg/l 0.00595 mg/l Once/quarter Grab Daily Max and 
Monthly Ave

Hidalgo 0.0114 mg/l 0.00570 mg/l Once/quarter Grab Daily Max and 
Monthly Ave
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Appendix D -  Reasonable Potential Procedures for Platforms Not Included in Appendix B 
or C

The following procedures are applicable to platforms (other than those platforms listed in 
Appendix B) which discharge produced water, and to platforms (other than those listed in 
Appendix C) which add chlorine to any discharges (e.g., cooling water or fire control system test 
water). For produced water discharges, the Permittee shall sample (as described below) for the 
constituents listed in Table D-1 to determine whether the discharge causes or has the reasonable 
potential to cause, or contribute to an excursion above the applicable marine water quality criteria. 
When chlorine is added to a discharge, the Permittee shall sample chlorine in the discharge (as 
described below) and conduct the same reasonable potential analysis as in the case of produced 
water; for chlorine, the marine water quality criteria to be met (post-dilution at the edge of the 
mixing zone) are 7.5 ug/1 (criteria continuous concentration) and 13 ugA (criteria maximum 
concentration).

Table D-1 - Water Quality Criteria (in ug/I) for Produced Water Reasonable Potential 
Determination

Constituent Water Quality 
Criteria 
(ug/1)'’̂

Ammonia 1300^600
Arsenic 36/8
Cadmium 8.8/1
Copper 3.1/3
Cyanide 1/1
Lead 8.1/2
Manganese 100
Mercury 0.051/0.04
Nickel 8.2/5
Selenium 71/15
Silver 1.9/0.7
Zinc 81/20
Benzene 5.9
Benzo (a) Anthracene 0.018
Benzo (a) Pyrene 0.018
Chrysene 0.018
Benzo (k) Fluoranthene 0.018
Benzo (b) Fluoranthene 0.018
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Dibenzo (a,h) Anthracene 0.018
Hexavalent Chromium'^ 50/2
Phenol 1,700,000
Toluene 15,000
Ethylbenzene 2,100
Naphthalene not available
2,4-Dimethylphenol 850
Undissociated Sulfides^ 5.79

' Where two numbers are given, the first number is the Federal criterion (EPA-822-R-02-047, 
November, 2002, or 68 Fed. Reg. 75507 (December 31, 2003)) and the second is the objective 
from the California Ocean Plan. For each such parameter, the applicable criterion is the one 
which proves to be more stringent based on the analysis required by Part II.B.l.c.l of this permit. 
Where one number is given, it is the applicable criterion.

 ̂Applicable after dilution at the edge of the 100 meter mixing zone (See Appendix A). A 
permittee may submit a request for a recalculated criterion based on site-specific studies and 
analyses that consider ambient factors and the nature of the discharge.

^Assumes an ambient ocean temperature of 15 °C, salinity of 30 g/kg and pH of 8.1. Effluent 
limitations developed for a specific platform may be based on an alternate criterion which 
considers platform-specific ocean conditions.

Total chromium may be sampled as an alternative to hexavalent chromium in the reasonable 
potential analysis.

^Use EPA Method 376.1 (or equivalent method published in Standard Methods) to analyze for 
total (or dissolved) sulfide. Use procedure in method to calculate undissociated sulfide fraction. 
Report undissociated sulfide fraction based on the pH, temperature and salinity of both the 
end-of-pipe sample and ambient ocean conditions at the platform. Ambient ocean pH of 8.1 and 
salinity of 30 g/kg may be used. A permittee may request that this permit be modified to include 
a decay factor in making compliance determinations for undissociated sulfide at the edge of the 
mixing zone. Such a request shall be accompanied by the results of a study of the decay of 
undissociated sulfide in produced water discharged in southern California Federal waters. Upon 
receipt of the study by Region 9, this permit may be reopened and modified to include a decay 
factor in making compliance determinations for undissociated sulfide at the edge of the mixing 
zone.

a. The Permittee shall sample while discharge is occurring until 12 samples are taken. 
For continuous discharges in place on the effective date of the permit, the sampling frequency shall 
be once per month during the first year of the term of the permit. For intermittent dischargers, 
sampling shall be once/discharge until 12 samples are collected. For discharges initiated during 
the term of the permit, monthly sampling shall commence in the first quarter that the discharges 
begin. The samples will be taken as grab samples.
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b. The reasonable potential analytical laboratory results and the quarterly dilution 
value shall be submitted with the DMR along with the information required in Part III.A.2 of this 
permit.

c. Reasonable Potential Analysis Submittal

1) The results of the produced water reasonable potential sampling for chemical 
constituents shall be analyzed using the procedures in the document entitled “Procedures for 
Reasonable Potential Evaluation in NPDES Permit No. CAG280000” and submitted to EPA in 
electronic spreadsheet format. The completed spread sheet for eaeh discharge will be sent to EPA 
no later than one year and three months after the permit becomes effeetive; for platforms with 
intermittent discharges the spread sheet shall be submitted as soon as the necessary data have been 
collected. The submittal shall include a determination of the minimum dilution limit required for 
each discharge location to maintain no reasonable potential to exceed the Water Quality Criteria 
for any constituent listed in Table D-1 and for chlorine. For parameters with two criteria 
specified in Table D-1, the submittal shall be based on the more stringent of either; a) the Federal 
criterion, or b) the California Ocean Plan objective. In conducting the analysis for the metals in 
Table D-1 (As, Cd, Cu, Pb, Hg, Ni, Se, Ag, Zn and Cr®), and for ammonia and cyanide, the 
California Ocean Plan 6-month medians shall be converted to 4-day averages using the procedure 
in the document entitled “Procedure for Comparing California Ocean Plan 6-Month Median and a 
4-Day Average for NPDES Permit No. CAG280000”, dated August 16, 2001.

2) Dilution ratios will be determined using the methods in Appendix A of the 
permit. The dilution calculation will be based on the produced water average quarterly flow.

d. Previously Collected Data. If results for the above listed constituents were 
previously collected and meet appropriate methods and detection limits, the previously collected 
data may be used to satisfy the reasonable potential sampling requirements (including metals 
sampled as composites).

e. Establishing Reasonable Potential

1) Evaluation. After EPA receives the reasonable potential sampling results 
(spreadsheets) from an operator, the information will be evaluated for the potential for the 
exceedance of a water quality criterion. Data for all criteria listed in Table D-1 shall be submitted 
at one time for the discharging platform.

2) Limitations After the Establishment of Reasonable Potential. The 
Permittee will be notified of the results of EPA’s review of the reasonable potential spreadsheets 
submitted by the permittees. Platform specific limitations become effective the first quarter 
subsequent to permit modification to include such limitations. Any permit modifications will be 
conducted in accordance with procedures set forth at 40 CFR Part 124. Monitoring will continue 
on a quarterly basis for the remainder of the permit for those constituents with limits.

3) Dilution Ratio Changes Subsequent to the Data Gathering Phase. The 
permittee shall calculate the quarterly dilution value each quarter subsequent to the data gathering
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phase. If the quarterly dilution value is less than the minimum dilution limit, this permit may be 
reopened and modified to include additional effluent limitations and monitoring requirements 
based on the reasonable potential for the exceedance of a water quality criterion.

f. Interim Produced Water Limits for Platform Irene. During the reasonable 
potential data gathering and evaluation phase of this permit, the numeric water quality limitations 
and monitoring requirements in Table D-2 below from the previous individual NPDES permit for 
Platform Irene (CAOl 10648) will be in effect for compliance and enforcement purposes. These 
effluent limitations are applicable following initial dilution in the mixing zone defined in Part V of 
the general permit. Compliance with the limits shall he calculated in accordance with Appendix 
A of the general permit.

Table D-2 - Produced Water Enforceable Limits During Reasonable Potential Sampling for 
Platform Irene

Constituent Daily Max (mg/l) Monitoring
Frequency

Sample Type

Arsenic 0.032 Once/3 months Composite
Cadmium 0.004 ( (

Total Chromium 0.008 u a

Copper 0.012 n 6i

Lead 0.008 a

Mercury 0.00016 i6 a

Nickel 0.020 a

Selenium 0.060 a a

Silver 0.0028 a

Zinc 0.080 a ( (

Ammonia (expressed 
as N)

2.4 a Discrete

Cyanides 0.004 n a

Phenol 0.12 a a

Naphthalene 0.0235 a a

2,4 Demethylphenol -
a a

Benzene 0.0059 a a

Toluene 0.05 a a

Ethylbenzene 0.0043 a a

Benzo(a) pyrene 0.003 a ( t

Bis (2-ethylhexyl) 
phthalate

0.0035 n
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Disclaimer

This final report has been reviewed by the Analytical Methods Staff in the Engineering and Analysis
Division within the USEPA Office of Water and EPA�s WET Interlaboratory Variability Workgroup. 
Mention of company names, trade names, or commercial products in this report does not constitute
endorsement or recommendation for use.  

Questions or comments regarding this report should be addressed to:

William A. Telliard, Director
Analytical Methods Staff
Engineering and Analysis Division (4303)
Office of Science and Technology
U.S. EPA Office of Water
Ariel Rios Building
1200 Pennsylvania Avenue, NW
Washington, DC 20460
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Executive Summary

In 1995, the U.S. Environmental Protection Agency (EPA) promulgated 17 whole effluent toxicity
(WET) test methods for use in monitoring toxicity under the National Pollutant Discharge Elimination
System (NPDES) [60 FR 53529; October 16, 1995].  As part of a settlement agreement (Edison Electric
Institute et al. v. USEPA, Settlement Agreement, July 24, 1998) to resolve a judicial challenge to this
rulemaking, EPA conducted an interlaboratory variability study of 12 EPA short-term chronic and acute
whole effluent toxicity test methods (the WET Variability Study).  This report presents the results of the
WET Variability Study.  

The purpose of the WET Variability Study was to characterize (1) interlaboratory variability, (2) the rate
of successful test completion, and (3) the rate of false positive incidence for the following 12 approved
WET test methods: 
C Cladoceran, Ceriodaphnia dubia, acute test (Ceriodaphnia acute)
C Cladoceran, Ceriodaphnia dubia, survival and reproduction test (Ceriodaphnia chronic) 
C Fathead minnow, Pimephales promelas, acute test (fathead acute)
C Fathead minnow, Pimephales promelas, larval survival and growth test (fathead chronic)
C Green alga, Selenastrum capricornutum, growth test (Selenastrum chronic)
C Mysid, Mysidopsis bahia, survival, growth, and fecundity test (Mysidopsis chronic)
C Sheepshead minnow, Cyprinodon variegatus, acute test (sheepshead acute)
C Sheepshead minnow, Cyprinodon variegatus, larval survival and growth test (sheepshead chronic)
C Inland silverside, Menidia beryllina, acute test (silverside acute)
C Inland silverside, Menidia beryllina, larval survival and growth test (silverside chronic)
C Red macroalga, Champia parvula, reproduction test (Champia chronic)
C Mysid, Holmesimysis costata, acute test (Holmesimysis acute)

For two of these methods (the Champia chronic and Holmesimysis acute test methods), EPA was unable
to obtain interlaboratory data due to laboratory unavailability (see Section 2.1).  Intralaboratory data were
obtained for the Champia chronic method, but no valid intralaboratory or interlaboratory data were
obtained for the Holmesimysis acute method.  For each of the remaining 10 methods, EPA selected a
minimum of 7 and a maximum of 20 participant laboratories to constitute a �base� study design. 
Additional volunteer or externally sponsored laboratories (above 20) participated on a more limited basis
as part of an �extended� study design (see Section 3).  In total, 55 participant laboratories were involved
in the study, with 7 to 35 participant laboratories testing each method.  Each participating laboratory was
required to prequalify for the study by documenting that their capacity and capabilities, experience and
proficiency, and quality assurance and quality control systems met the needs of the study (see Section 3).

Four referee laboratories also were involved in the WET Variability Study (see Section 3).  For each test
method, a referee laboratory was responsible for conducting preliminary testing (see Section 4), collecting
and preparing homogeneous bulk test samples (see Section 5), and distributing �blind� test sample
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aliquots to participant laboratories (see Section 6).  Referee laboratories prepared the following four test
sample types for each test method: blank sample; reference toxicant sample; municipal or industrial
effluent sample; and receiving water sample.  Referee laboratories distributed some combination of these
test sample types to participant laboratories for testing.  Laboratories participating in the base study
design received 4 blind test samples as whole volume (volume necessary to conduct the test) or ampule
(to mix and dilute to a required volume) samples; laboratories participating in the extended study design
received 3 blind test samples as ampule samples.

Participant laboratories were required to analyze each blind test sample according to the promulgated
WET test method manuals and specific instructions in participant laboratory standard operating
procedures (SOPs) developed for the study (see Section 7 and Appendix B).  Interlaboratory testing was
conducted from September 1999 through April 2000.  In total, the WET Variability Study generated
interlaboratory precision data from testing more than 700 blind samples among 55 participant
laboratories.

Following testing, participant laboratories submitted all test data on analyzed samples to the Sample
Control Center (SCC) operated by DynCorp Information & Enterprise Technology, Inc., for independent
review and calculation (see Section 8).  SCC biologists reviewed test data to verify that all pertinent
information was provided, tests were conducted in accordance with the WET method manuals and the
WET Variability Study SOP, and test results were accurately calculated.  Following test review, results
were compiled and method performance characteristics (interlaboratory variability, successful test
completion rate, and false positive rate) were calculated for each WET test method (see Section 9).  

Table 1 displays summarized results from the WET Variability Study.  Successful test completion rates
were greater than 90% for all WET test methods except the Ceriodaphnia chronic (82%) and Selenastrum
chronic (63.6% with Ethylenediaminetetraacetic acid [EDTA] and 65.9% without EDTA) test methods. 
False positive rates were less than 5% for all WET test methods except the Selenastrum chronic test
method conducted without EDTA (33.3%).  Interlaboratory variability was described by the coefficient of
variation (CV) calculated for point estimates.  Interlaboratory CVs of LC50s (median lethal effect
concentrations) ranged from 20.0% to 38.5% for acute test methods.  Interlaboratory CVs of IC25s (25%
inhibition concentrations) ranged from 10.5% to 58.5% for chronic test methods.   
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Table 1.  Summarized test results from EPA�s WET Variability Study.

Test method
Successful test

completion rate
(%)

False positive ratea 
(%)

Interlaboratory
Precision 
(%CV)b

Ceriodaphnia acute 95.2 0.00 29.0

Ceriodaphnia chronic 82.0 3.70 35.0

Fathead acute 100 0.00 20.0

Fathead chronic 98.0 4.35 20.9

Selenastrum chronic (with EDTA)c 63.6 0.00 34.3

Selenastrum chronic (without EDTA)c 65.9 33.3 58.5

Mysidopsis chronic 97.7d 0.00 41.3

Sheepshead acute 100 0.00 26.0

Sheepshead chronic 100 0.00 10.5

Silverside acute 94.4 0.00 38.5

Silverside chronic 100 0.00 43.8

Champia chronice ND ND NDf

Holmesimysis acutee ND ND ND
a  False positive rates reported for each method represent the higher of false positive rates observed for hypothesis testing results
or point estimates.
b Coefficients of variation (CVs) reported for each method represent the CV of LC50 values for acute test methods and IC25
values for chronic test methods.  CVs reported are based on total variance and averaged across sample types.
c The Selenastrum chronic test method was conducted with and without ethylenediaminetetraacetic acid (EDTA) as a component
of the nutrients added to test and control treatments.
d Successful test completion for the optional fecundity endpoint was 50%.
e  ND = not determined.  Due to insufficient laboratory support, interlaboratory data were not obtained for the Champia chronic
and Holmesimysis acute test methods.
f While interlaboratory test data were not obtained for the Champia chronic method, intralaboratory data was obtained from the
referee laboratory.  Intralaboratory CVs were 27.6%, 49.7%, and 50.0% for reference toxicant, receiving water, and effluent
sample types, respectively.     
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Glossary

Accuracy is used in this document only to describe the quality of being free from mistakes and errors.  In
other test method performance applications, accuracy of a test method is the closeness of agreement
between measured values and an accepted reference (or known) value; however, accuracy in this sense
cannot be determined for whole effluent toxicity test methods.

Acute Toxicity Test is a test to determine the concentration of effluent or ambient waters that causes an
adverse effect (usually death) on a group of test organisms during a short-term exposure (e.g., 24, 48, or
96 hours). 

Algal Suspension is a homogenized mixture of alga and liquid media.

Aliquot is a subsample of a larger homogenized sample.

Ambient Laboratory Illumination is the general lighting condition occurring daily in the laboratory.

Ampule Sample is a small volume (generally 100 mL) liquid sample that is reconstituted at participant
laboratories to provide the necessary test sample volume.

Base Study Design used in the WET Variability Study consisted of participant laboratories receiving four
blind test samples, which included some combination of the four test sample types (blank, reference
toxicant, effluent, and receiving water).  The base study design included a minimum of 7 and maximum
of 20 participant laboratories, with up to 9 EPA-sponsored laboratories and up to 11 non-EPA-sponsored
laboratories.
 
Between-Laboratory Variability is the variability of test results from different laboratories using the
same test method and analyzing the same test material.  Between-laboratory variability, as used in this
document, does not include the within-laboratory component of variance.  Between-laboratory
coefficients of variation (CVs) are CVs calculated based on solely the between-laboratory component of
variance.  

Bioassay Grade is a rating on chemicals or chemical mixtures that have been tested and do not contain
interferences to various bioassay tests.

Blank is a non-toxic sample prepared as the typical synthetic control dilution water for the method being
tested.

Blind Sample is a sample that is of unknown composition to the testing laboratory. 
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Brood is a group of offspring produced from a female in a single reproductive event.

Bulk Sample is a large homogenized volume of a collected or prepared test sample.  In this study, referee
laboratories prepared bulk samples that were divided and distributed to participant laboratories for testing.

Chronic Toxicity Test is a short-term test in which sublethal effects (e.g., reduced growth or
reproduction) are usually measured in addition to lethality. 

Coefficient of Variation (CV) is a standard statistical measure of the relative variation of a distribution
or set of data, defined as the standard deviation divided by the mean.  It is also called the relative standard
deviation (RSD).  The CV can be used as a measure of precision within (within-laboratory) and between
(between-laboratory) laboratories, or among replicates for each treatment concentration.  In this study,
within-laboratory, between-laboratory, and total CVs were calculated.  The within-laboratory CV is used
to express just the variability between duplicate samples tested in the same laboratory.  The between-
laboratory CV is used to express just the variability between laboratories testing duplicate samples.  The
total CV is used to express the total interlaboratory variability of the results, including both within-
laboratory and between-laboratory components of variability. 

Control Chart is a chronological graphical representation of the results from reference toxicant tests
performed with the same reference toxicant, test species, test conditions, and endpoints repeated by the
same laboratory.

Culture is an ongoing, reproducing population of organisms maintained in a laboratory to provide the
laboratory with a supply of test organisms.

Data Qualifier Flag is an identifier for tests with deviations in test conditions, sample holding times,
sample temperatures, test acceptability criteria, or test water quality.

Effect Concentration (EC) is a point estimate of the toxicant concentration that would cause an
observable adverse effect (e.g., death, immobilization, or serious incapacitation) in a given percent of the
test organisms, calculated from a continuous model (e.g., Probit Model).  EC25 is a point estimate of the
toxicant concentration that would cause an observable adverse effect in 25% of the test organisms.

Effluent is wastewater discharged from a facility. 

Endpoint is the final measurement of a biological response (e.g., reproduction, growth, or survival).

Episode is a designation to group samples prepared for a specific test method.
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Extended Study Design used in the WET Variability Study consisted of participant laboratories
receiving three blind ampule samples, which included some combination of blank and reference toxicant
samples.  The extended study design included all non-EPA-sponsored laboratories not included in the
base study design (those above the 20 laboratory maximum for the base study design). 

False Positive is a test result that indicates toxicity in a non-toxic or blank sample.

False Positive Rate is the percentage of valid test results that indicate toxicity in blank samples.

Forty Fathoms® Artificial Sea Salts is a commercially available chemical mixture of dry reagents that
is used to create synthetic seawater.

h Statistic is a calculated parameter defined by ASTM that represents the consistency of test results from
laboratory to laboratory. 

Holding Time is the elapsed time from the end of sample collection to the first use of the sample. 
Because bulk samples were prepared in the laboratory for this study, the holding time began when sample
aliquots were divided for distribution to participant laboratories.

Hypothesis Testing is a statistical technique (e.g., Dunnett�s test) for determining whether a tested
concentration is statistically different from the control.  Effect concentrations determined from hypothesis
testing are NOEC and LOEC values.  The two hypotheses commonly tested in WET testing are:

Null hypothesis (Ho): The effluent is not toxic.
Alternative hypothesis (Ha): The effluent is toxic.

Inhibition Concentration (IC) is a point estimate of the toxicant concentration that would cause a given
percent reduction in a non-lethal biological measurement (e.g., reproduction or growth), calculated from a
continuous model, (i.e., Interpolation Method).  IC25 is a point estimate of the toxicant concentration that
would cause a 25-percent reduction in a non-lethal biological measurement.

Interlaboratory Variability is the variability of test results from different laboratories using the same
test method and analyzing the same test material.  Interlaboratory variability, as used in this document,
includes both within-laboratory and between-laboratory components of variance.  Interlaboratory
coefficients of variation (CVs) are CVs calculated based on the total variance of results for a given
method, endpoint, and sample type.

k Statistic is a calculated parameter defined by ASTM that represents the consistency of within-
laboratory precision from laboratory to laboratory.
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Lowest Observed Effect Concentration (LOEC) is the lowest concentration of an effluent or toxicant
that results in adverse effects on the test organisms (i.e., where the values for the observed endpoints are
statistically different from the control).

Minimum Significant Difference (MSD) is the magnitude of difference from control where the null
hypothesis is rejected in a statistical test comparing a treatment with a control (i.e., the smallest difference
between control and treatment responses that can be determined as statistically significant).  MSD is
based on the number of replicates, control performance, and power of the test.

Moderately Hard Synthetic Freshwater (MHSF) is water prepared from deionized water and reagent
grade chemicals as described in the WET method manuals to produce a hardness of 80 to100 mg
CaCO3/L.

No Observed Effect Concentration (NOEC) is the highest tested concentration of an effluent or
toxicant that causes no observable adverse effect on the test organisms (i.e., the highest concentration of
toxicant at which the values for the observed responses are not statistically different from the controls).

National Pollutant Discharge Elimination System (NPDES) program regulates discharges to the
nation�s waters.  Discharge permits issued under the NPDES program are required by EPA regulation to
contain, where necessary, effluent limits based on water quality criteria for the protection of aquatic life
and human health.

Outlier is an extreme observation that is divergent from other observations of the same parameter.  In this
study, ASTM h and k statistics were used to identify potential outliers.    

Participant Laboratory is a laboratory selected to conduct a specific test method and report data for use
in the study.

Percent Minimum Significant Difference (PMSD) is the magnitude of difference from control,
expressed as a percentage of the control response, where the null hypothesis is rejected in a statistical test
comparing a treatment with a control (i.e., the smallest difference between control and treatment
responses, expressed as a percentage of the control response, that can be determined as statistically
significant).

Photoperiod is the diurnal cycle of light and darkness to which test organisms are exposed. 

Point Estimate is a statistical estimate of some amount of adverse effect derived from a mathematical
model that assumes a continuous concentration-response relationship. 
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Precision is a measure of reproducibility within a data set.  Precision can be measured both within a
laboratory (within-laboratory) and between laboratories (between-laboratory) using the same test method
and toxicant.

Prequalification is a the process of determining whether laboratories meet specific requirements for
participation in the study. 

Quality Assurance (QA) is a practice in toxicity testing that addresses all activities affecting the quality
of the final effluent toxicity data.  QA includes practices such as effluent sampling and handling, source
and condition of test organisms, equipment condition, test conditions, instrument calibration, replication,
use of reference toxicants, recordkeeping, and data evaluation.

Quality Control (QC) is the set of more focused, routine, day-to-day activities carried out as part of the
overall QA program.

Range-finding is preliminary testing to determine the range of toxicant concentrations that produce a
targeted range of effects.

Receiving Water is water into which wastewater flows.

Reconstitute is to mix and dilute an ampule sample to the required volume for use in a toxicity test.

Referee Laboratory is a laboratory selected to provide support for the testing of a specific test method in
the study. The referee laboratory was responsible for conducting preliminary testing and for collecting,
preparing, and distributing test samples to participant laboratory.

Reference Toxicant is a known toxic chemical that is routinely tested to evaluate the consistency and
precision of toxicity tests.  Reference toxicant testing is a component of the quality assurance/quality
control program in WET testing.

Reference Toxicant Test is a check of the sensitivity of the test organisms and the suitability of the test
methodology.  Reference toxicant data are part of a routine QA/QC program to evaluate the performance
of laboratory personnel and the robustness and sensitivity of the test organisms.

Sample Code is a unique identifying number for each sample.

Spiking is the addition of a reference toxicant to a sample matrix in order to elicit a toxicological effect.

Static Non-renewal Test is a toxicity test that exposes test organisms to the same test solution (without
renewal) for the duration of the test.
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Static Renewal Test is a toxicity test that exposes test organisms to a fresh solution of the sample at
regular prescribed intervals (typically every 24 or 48 hours).

Successful Test Completion Rate is the percentage of initiated and properly terminated tests that met the
test acceptability criteria as specified in the WET method manuals.

Synthetic Seawater is artificial saltwater that is prepared by adding commercial sea salts or reagent grade
chemicals to deionized water. 

Test Acceptability Criteria (TAC) are specific criteria for determining whether toxicity test results are
acceptable.  The effluent and reference toxicant must meet specific criteria as defined in the test method
(e.g., for the Ceriodaphnia dubia survival and reproduction test, the criteria are as follows: the test must
achieve at least 80 percent survival and an average of 15 young per surviving female in the controls).

Traffic Report Form is a form to document the chain-of-custody for each test sample shipped.  The
traffic report form identifies the episode number, sample number, name and address of the referee
laboratory, name and address of the participant laboratory, date shipped, airbill number, tests requested,
and pre-shipment sample information (sample preparation date and initial water chemistry).

Valid Test is a test that met the required test acceptability criteria for the method as stated in the WET
method manuals.

Variance is a measure of the dispersion in a set of values, defined as the sum of the squared deviations
divided by their total number.

Whole Effluent Toxicity (WET) is the total toxic effect of an effluent measured directly with a toxicity
test.

Whole Volume Sample is a sample that is provided in the appropriate volume for direct use in a toxicity
test.

Within-laboratory Variability is the variability of test results from the same laboratory using the same
test method and analyzing the same test material.  Within-laboratory coefficients of variation (CVs) are
CVs calculated based on solely the within-laboratory component of variance.
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1.0  INTRODUCTION AND BACKGROUND

Whole effluent toxicity (WET) is defined as �the aggregate toxic effect of an effluent measured directly
by an aquatic toxicity test� [54 FR 23686; June 2, 1989].  WET tests expose aquatic organisms to a range
of effluent concentrations under controlled laboratory conditions.  Exposure durations generally range
from 24 hours (acute tests) to 7 days or more (short-term chronic or chronic tests).  At the end of the
exposure period, biological endpoints such as survival, growth, reproduction, or fertilization are measured
in each effluent concentration and a control treatment.  Toxicity of the effluent is determined by
statistically comparing (either by hypothesis testing or point estimation) measured responses between the
control and various effluent concentrations.  Test results are expressed as the concentration of effluent
estimated to produce a given effect (i.e., effect concentration).  Effect concentrations such as the NOEC
(No Observed Effect Concentration), LOEC (Lowest Observed Effect Concentration), LC50 (median
lethal effect concentration), EC50 (median effect concentration), or IC25 (25% inhibition concentration)
are commonly used to report the results of WET tests.   

1.1 Regulatory Background

The Clean Water Act (CWA) was enacted in 1972 with the objective of �restoring the chemical, physical,
and biological integrity of the Nation�s waters.�  Along with other goals, CWA section 101(a)(3) states
that �it is the national policy that the discharge of toxic pollutants in toxic amounts be prohibited.�  The
U.S. Environmental Protection Agency (EPA) has pursued this goal through implementation of the water
quality standards program and the National Pollutant Discharge Elimination System (NPDES) permitting
program. These programs have adopted an integrated strategy of water quality-based toxics control that
includes three approaches: chemical-specific control, whole effluent toxicity (WET) control, and
biological criteria/bioassessment (USEPA, 1991).

To implement this strategy, States are encouraged to define numeric or narrative water quality standards
that include chemical-specific criteria, criteria for WET, and biological criteria.  Some states have
included numeric criteria for WET, while others have relied on narrative criteria.  These water quality
standards and criteria are maintained by controlling the discharge of pollutants through the NPDES
permitting program.  When a discharge causes or has a reasonable potential to cause or contribute to the
excursion above of numeric or narrative water quality standards, a NPDES permit limit will be issued to
control the discharge.  Permit limits for WET are established if the discharge has a reasonable potential to
cause or contribute to the excursion above of water quality standards for WET.

In 1995, EPA approved 17 WET test methods for use in NPDES permit monitoring [60 FR 53529;
October 16, 1995].  The EPA-approved WET test methods resulted from many years of development and
testing by EPA, States, municipalities, academia, and the regulated community.  These WET test methods
measure the acute and short-term chronic toxicity of effluents and receiving waters to aquatic plants,
invertebrates, and vertebrates from freshwater and marine environments.  WET test methods approved for
use in NPDES monitoring are listed in 40 CFR §136.3, Table IA, and standardized test procedures for
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conducting the approved WET tests are published in the following three test method manuals (the WET
method manuals).

C USEPA, Methods for Measuring the Acute Toxicity of Effluents and Receiving Waters to Freshwater
and Marine Organisms, Fourth Edition, EPA-600-4-90-027F, August 1993

C USEPA, Short-Term Methods for Estimating the Chronic Toxicity of Effluents and Receiving Water
to Freshwater Organisms, Third Edition, EPA-600-4-91-002, July 1994

C USEPA, Short-Term Methods for Estimating the Chronic Toxicity of Effluents and Receiving Water
to Marine and Estuarine Organisms, Second Edition, EPA-600-4-91-003, July 1994

1.2 The WET Variability Study

Following the promulgation of WET test methods in 1995 [60 FR 53529; October 16, 1995], various
parties filed suit to challenge the rulemaking.  To resolve that litigation, EPA entered into settlement
agreements with the various parties.  In a 1998 settlement agreement (Edison Electric Institute et al. v.
USEPA, Settlement Agreement, July 24, 1998), EPA agreed to conduct an interlaboratory variability
study of 12 EPA short-term chronic and acute whole effluent toxicity test methods (the WET Variability
Study).  EPA conducted the WET Variability Study from September 1999 to April 2000 and published
preliminary results from the study in October 2000 (USEPA, 2000b; USEPA, 2000c).  In 2001, EPA
submitted the preliminary results of the study for expert peer review.  This document incorporates peer
review comments (where appropriate) and presents the final results of the WET Variability Study.  EPA
intends to comment on the significance of these results in subsequent rulemaking and propose to ratify or
withdraw each of the WET test methods evaluated in the WET Variability Study. 

1.3 Other EPA Documents

The WET method manuals (USEPA, 1993; USEPA, 1994a; USEPA, 1994b) were published in 1993 and
1994 and incorporated by reference in the 1995 WET rule [60 FR 53529; October 16, 1995].  Following
this rulemaking, EPA issued clarifications to the WET test methods on April 10, 1996, via a
memorandum from Tudor Davies, Director of EPA�s Office of Science and Technology.  This
memorandum, titled �Clarifications Regarding Flexibility in 40 CFR Part 136 Whole Effluent Toxicity
(WET) Test Methods� (USEPA, 1996), provided clarification on the following WET test issues: pH and
ammonia control, temperature, hardness, test dilution concentrations, and acceptance criteria for Champia
parvula.

In February 1999, EPA published an errata to the WET method manuals (USEPA, 1999).  This errata
amended the approved WET test methods to correct typographical errors and omissions, provide technical
clarification, and establish consistency among the 1995 WET rule language and the WET method
manuals.



3

In June 2000, EPA published a guidance document titled, �Understanding and Accounting for Method
Variability in Whole Effluent Toxicity Applications Under the National Pollutant Discharge Elimination
System Program� (USEPA, 2000d).  This guidance document quantified WET test variability, evaluated
statistical methods for deriving WET permit conditions, and provided guidance on accounting for and
minimizing WET test variability and its effects on the regulatory process.

In July 2000, EPA published a guidance document titled, �Method Guidance and Recommendations for
Whole Effluent Toxicity (WET) Testing (40 CFR Part 136)� (USEPA, 2000a).  This document included
guidance and recommendations on nominal error rate adjustments, confidence intervals, concentration-
response relationships, dilution series selection, and selection of an acceptable dilution water for WET
testing. 

The documents mentioned above were used in the conduct of WET tests and review of WET test data
reported in this study.  The WET method manuals (USEPA, 1993; USEPA, 1994a; USEPA, 1994b),
clarification memo (USEPA, 1996), and errata document (USEPA, 1999) were used by referee and
participant laboratories in the conduct of WET tests during the WET Variability Study.  The two 
guidance documents published in 2000 were not available to laboratories at the time of testing, but were
used by EPA in the review and analysis of WET test results from the study.
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2.0  STUDY DESIGN AND OBJECTIVES 

2.1 Objectives

In conducting the WET Variability Study, EPA�s primary objectives were to: 
C characterize the interlaboratory variability of 12 WET test methods through the determination of CVs

for LC50s and IC25s and ranges for NOEC values, 
C characterize the rate at which participating laboratories successfully completed WET tests initiated

(successful test completion rate), and 
C characterize the rate at which WET tests indicate �toxicity� is present when measuring non-toxic

samples (false positive rate).  

EPA developed a preliminary study plan to meet these objectives, and made this study plan available for
public and peer review comment on October 9, 1998.  EPA then revised the study plan in response to
comments received and published a final study plan on June 11, 1999 (see Appendix A).  The WET
Variability Study was conducted according to the final study plan with the following exceptions.
C The minimum number of participant laboratories was reduced from nine to seven for the sheepshead

acute and chronic test methods.  Only seven laboratories qualified to participate in these methods.  A
minimum of seven participant laboratories still satisfied the data quality objective requiring a
minimum of six complete and useable data sets for each WET test method.

C No interlaboratory testing was conducted for the Champia chronic and Holmesimysis acute test
methods.  The interlaboratory testing phase was canceled for these test methods due to insufficient
participant laboratory support.  Only one participant laboratory could be procured for the Champia
chronic test method, and only two participant laboratories could be procured for the Holmesimysis
acute test method.  This report presents only referee laboratory preliminary testing results for these
two methods.

2.2 General Study Design

The WET Variability Study was conducted in five phases designed to accomplish the overall study
objectives. These phases are described in Table 2.1 and discussed in more detail in Sections 3 - 9 of this
report.

2.2.1 Study Management

The WET Variability Study was directed by EPA with contractor support provided by DynCorp
Information & Enterprise Technology, Inc., under the Sample Control Center (SCC) contract.  EPA
Office of Water�s Engineering and Analysis Division (EAD) and EPA�s Office of Research and
Development (ORD) provided overall management and technical oversight of the study.  Laboratory
procurement, day-to-day management, coordination of study activities, data review, and preparation of
the preliminary and final study reports were performed by SCC under EAD and ORD guidance.  SCC
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contracted four referee laboratories to conduct preliminary testing and prepare and distribute blind test
samples to 55 participant laboratories (see Appendix C for a list of referee and participant laboratories). 
Participant laboratories conducted WET tests and submitted data reports to SCC.

Table 2.1.  Four phases and specific objectives of the WET Variability Study.

Phase Objectives

1 - Laboratory Procurement
     (See Section 3)

C Identify potential referee and participant laboratories to support the study
C Prequalify and select referee laboratories for Phases 2, 3, and 4 
C Prequalify and select participant laboratories for Phase 4 of the study

2 - Preliminary Testing
     (See Section 4)

C Determine the suitability of selected effluent and receiving water sample
matrices for use in the study through characterization of physical, chemical,
and toxicological properties of the test sample

C Determine the appropriate spiking concentrations for reference toxicant
samples to achieve the desired range of toxicity

C Determine the persistence of toxicity in effluent and receiving water test
samples

C Assess whether the desired range of sample toxicity will be maintained in
test samples following shipping and handling

3 - Sample Preparation and    
  Distribution
    (See Sections 5 and 6)

C Collect effluent and receiving water samples
C Prepare blank, reference toxicant, effluent, and receiving water samples for

use by referee and participant laboratories in Phase 4
C Minimize variability between samples prepared for and distributed to each

participant laboratory in Phase 4
C Distribute blind test samples to all qualified laboratories for initial use within

36 hours of individual sample shipment from the referee laboratories

4 - Interlaboratory Testing
     (See Section 7) 

C Obtain interlaboratory test data for each WET method using four test sample
types 

5 - Data Review and Analysis
     (See Sections 8 and 9)

C Review test data and calculate test results
C Evaluate precision of the test methods, the rate at which laboratories

successfully completed tests initiated, and the rate at which the tests indicate
�toxicity� is present when measuring non-toxic samples

2.2.2 Methods Evaluated

EPA evaluated 12 of the 17 promulgated WET test methods in the WET Variability Study.  These
included two acute freshwater methods, three short-term chronic freshwater methods, three acute marine
methods, and four short-term chronic marine methods.  The test methods evaluated in the WET
Variability Study are displayed in Table 2.2, and the endpoints and effect concentrations evaluated for
each test method are displayed in Table 2.3.  Each test method was conducted in accordance with the
WET method manuals (USEPA, 1993; USEPA, 1994a; USEPA, 1994b), and as appropriate, specific
guidance provided in the WET Variability Study participant laboratory standard operating procedure
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(SOP) documents (Appendix B), the WET method manuals errata (USEPA, 1999), and clarifications
provided in an April 10, 1996, memorandum from Tudor Davies, Director of EPA�s Office of Science
and Technology (USEPA, 1996). 

Table 2.2.  WET test methods included in the WET Variability Study.

Test method
Common test
method namea

Test method
numberb Test type

Cladoceran, Ceriodaphnia dubia, acute testc Ceriodaphnia acute - freshwater acute

Cladoceran, Ceriodaphnia dubia, survival and
reproduction testd Ceriodaphnia chronic 1002.0 freshwater chronic

Fathead minnow, Pimephales promelas, acute testc Fathead acute - freshwater acute

Fathead minnow, Pimephales promelas, larval
survival and growth testd Fathead chronic 1000.0 freshwater chronic

Green alga, Selenastrum  capricornutum, growth
testd Selenastrum  chronic 1003.0 freshwater chronic

Mysid, Mysidopsis bahia, survival, growth, and
fecundity teste Mysidopsis chronic 1007.0 marine chronic

Sheepshead minnow, Cyprinodon variegatus, acute
testc Sheepshead acute - marine acute

Sheepshead minnow, Cyprinodon variegatus, larval
survival and growth teste Sheepshead chronic 1004.0 marine chronic

Inland silverside, Menidia beryllina, acute testc Silverside acute - marine acute

Inland silverside, Menidia beryllina, larval survival
and growth teste Silverside chronic 1006.0 marine chronic

Red macroalga, Champia parvula, reproduction
teste Champia chronic 1009.0 marine chronic

Mysid, Holmesimysis costata, acute testc,f Holmesimysis acute - marine acute
a Common test method names were used in this report to refer to the test methods in the WET Variability Study.
b Test method numbers were not designated for acute test methods in USEPA, 1993.
c  USEPA, Methods for Measuring the Acute Toxicity of Effluents and Receiving Waters to Freshwater and Marine Organisms,
Fourth Edition, EPA-600-4-90-027F, August 1993
d  USEPA, Short-Term Methods for Estimating the Chronic Toxicity of Effluents and Receiving Water to Freshwater Organisms,
Third Edition, EPA-600-4-91-002, July 1994
e  USEPA, Short-Term Methods for Estimating the Chronic Toxicity of Effluents and Receiving Water to Marine and Estuarine
Organisms, Second Edition, EPA-600-4-91-003, July 1994
f The EPA-approved acute test with Holmesimysis costata was performed using the acute test procedures for Mysidopsis bahia
and test conditions optimized for H. costata.
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Table 2.3.  Endpoints and effect concentrations evaluated for each test method in the WET
Variability Study.

Test method

Acute tests Short-Term Chronic Tests

Survival
LC50

Test
duration
(hours)

Survival
 LC50
NOEC

Growth
IC25 

NOEC

Reproduction 
IC25 

NOEC

Test
duration

(days)

Ceriodaphnia acute X 48 - - - -

Ceriodaphnia chronic - - X - X 8a

Fathead acute X 96 - - - -

Fathead chronic - - X X - 7

Selenastrum  chronic - - - X - 4

Mysidopsis chronic - - X X X 7

Sheepshead acute X 96 - - - -

Sheepshead chronic - - X X - 7

Silverside acute X 96 - - - -

Silverside chronic - - X X - 7

Champia chronic - - - - X 7b

Holmesimysis acute X 96 - - - -
a  The C. dubia test acceptability criteria state that the test is complete when 60% of controls have 3 broods (approximately 7
days); for purposes of this study, all tests continued for 8 days and each laboratory was requested to carefully distinguish and
carefully record the number of broods. 
b  C. parvula were exposed to test samples for 2 days, followed by a 5-day recovery period in control water.

2.2.3 Laboratories 

A referee laboratory was selected to provide support for each test method evaluated in the WET
Variability Study. The referee laboratory was responsible for conducting preliminary testing on sample
types to ensure that samples used in the WET Variability Study were stable and provided the desired level
of effect.  Referee laboratories also collected, prepared, and distributed test samples for interlaboratory
testing, and conducted testing simultaneously with participant laboratory testing to provide further
information on sample consistency.

Interlaboratory testing was conducted by participant laboratories selected for each test method.  Each
participating laboratory was required to prequalify for the study by documenting that their capacity and
capabilities, experience and proficiency, and quality assurance and quality control systems met the needs
of the study (see Section 3).  The number of participant laboratories conducting each method was
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dependent upon the number of laboratories responding to the solicitation, the number of laboratories
qualified to conduct the given test method, and the number of laboratories that were sponsored by parties
external to EPA.  The WET Variability Study plan called for a minimum of 9 and a maximum of 20
participant laboratories to constitute a base study design for each method.  Additional laboratories (greater
than 20) participated on a more limited basis as part of an extended study design.  In deviation from this
design, only seven qualified laboratories could be procured to participate in the sheepshead acute and
chronic test methods.  In addition, interlaboratory testing for the Champia chronic and Holmesimysis
acute test methods was canceled due to insufficient participant laboratory support.  See Section 3 for a
detailed description of referee and participant laboratory selection, and the base and extended study
designs. 

2.2.4 Samples

For each test method, four test sample types were prepared in bulk by the referee laboratory, divided, and
distributed to participant laboratories for testing.  The four sample types included: 1) blank sample, 2)
reference toxicant sample, 3) effluent sample, and 4) receiving water sample.  Blank and reference
toxicant samples were distributed to participant laboratories as liquid ampule samples (to mix and dilute
to the required volume at the participant laboratory), while effluent and receiving water samples were
distributed as whole-volume samples (consisting of the full volume necessary to conduct the test).  The
blank sample was a non-toxic sample prepared as the typical synthetic control dilution water for each test
method.  Testing of the blank sample provided a means of determining the false positive rate for each test
method.  Interlaboratory precision was evaluated through testing of the reference toxicant, effluent, and
receiving water sample types.  These sample matrix types (with the exception of the effluent sample type
for the Champia chronic and Holmesimysis acute test methods) were spiked with a toxicant to achieve a
desired level of effect and facilitate the evaluation of precision.  

Laboratories participating in the base study design received four blind test samples, which included some
combination of the four test sample types (blank, reference toxicant, effluent, and receiving water). 
Laboratories that participated in the extended study design received three blind ampule samples, which
included some combination of blank and reference toxicant samples.  The combination of blind test
samples received by individual laboratories included replicate (i.e., duplicate) test samples for each test
method except for methods with fewer than nine participant laboratories.  Replicate samples were always
shipped together and tested simultaneously, with the exception of the Selenastrum  chronic test, where
only one sample was tested per week.  See Sections 5 and 6 for a detailed description of sample
preparation and distribution, respectively.

2.2.5 Schedule

Interlaboratory testing in the WET Variability Study was conducted from September 1999 through April
2000.  The final participant laboratory schedule for the WET Variability Study is provided in Table 2.4. 
For each method (with the exception of the Selenastrum chronic method), testing was conducted in two
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testing periods.  Each participant laboratory simultaneously tested two samples during each testing period. 
For the Selenastrum chronic method, testing was conducted in four testing periods, with a single sample
tested with and without EDTA during each testing period.  

Table 2.4.  Final participant laboratory schedule for interlaboratory testing during the WET
Variability Study.

Activity
Testing datesa

(start date - finish date)

Fathead chronic testing period #1 9/28/99 - 10/5/99
Fathead chronic testing period #2 10/5/99 - 10/12/99
Ceriodaphnia chronic testing period #1 10/12/99 - 10/20/99

Silverside chronic testing period #1 10/19/99 - 10/26/99

Fathead acute testing period #1 10/21/99 - 10/25/99

Silverside chronic testing period #2 10/26/99 - 11/2/99

Ceriodaphnia chronic testing period #2 10/26/99 - 11/3/99

Silverside acute testing period #1 11/2/99 - 11/6/99

Fathead acute testing period #2 11/4/99 - 11/8/99

Ceriodaphnia acute testing period #1 11/9/99 - 11/11/99

Silverside acute testing period #2 11/9/99 - 11/13/99

Ceriodaphnia acute testing period #2 11/11/99 - 11/13/99

Mysidopsis chronic testing period #1 2/22/00 - 2/29/00

Mysidopsis chronic testing period #2 2/29/00 - 3/7/00

Sheepshead acute testing period #1 3/7/00 - 3/11/00

Selenastrum chronic testing period #1 3/9/00 - 3/13/00

Sheepshead acute testing period #2 3/14/00 - 3/18/00

Selenastrum chronic testing period #2 3/16/00 - 3/20/00

Sheepshead chronic testing period #1 3/21/00 - 3/28/00

Selenastrum chronic testing period #3 3/23/00 - 3/27/00

Sheepshead chronic testing period #2 3/28/00 - 4/4/00

Selenastrum chronic testing period #4 3/30/00 - 4/3/00
a Samples were shipped to arrive at participant laboratories on the indicated start date.  Tests were initiated on the same day as
sample receipt.  

Samples were shipped on ice overnight to arrive at each participant laboratory on the day of scheduled
testing.  Sample distribution was organized such that all effluent samples were tested on the same day in
all participant laboratories, and all receiving water samples were tested on the same day (with the
exception of delays due to sample or organism shipments).  Since the synthetic matrix and ampule form
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of blank and reference toxicant samples provided more sample stability, these samples were distributed
for testing in either the first or second testing periods.  As a result, tests conducted on reference toxicant
and blank samples were initiated on one of two testing dates.  Replicate samples were always distributed
together for simultaneous testing.
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3.0  LABORATORY PROCUREMENT

3.1 Identification and Solicitation of Potential Referee Laboratories

Since the responsibilities of the referee laboratory would be demanding and critical to successful
implementation of the WET Variability Study, SCC solicited a select list of laboratories that possessed
exceptional qualifications, based on EPA technical staff recommendations.  Solicitation bid packages
included the following documents: (1) a referee laboratory prequalification document; (2) a referee
laboratory statement of work (SOW), including a preliminary study schedule; and (3) a referee laboratory
bid sheet.  Referee laboratories were first solicited in December 1998.  Additional solicitations to an
expanded number of laboratories were necessary to fill referee laboratory positions for all of the test
methods (Table 3.1). 

Table 3.1.  Summary of referee laboratory solicitation.

Solicitation
date 

Response
deadline

Methods solicited
Laboratories

solicited
Number of

qualified responses 

12/29/98 1/13/99 All twelve methods 7 2

1/22/99 2/4/99 All seven marine methods 12 2

2/19/99 3/5/99
Silverside acute and chronic;
Holmesimysis acute

19 3

3.2 Identification and Solicitation of Potential Participant Laboratories

EPA attempted to maximize the number of qualified laboratories participating in the WET Variability
Study and select laboratories that were representative of laboratories throughout the United States that
routinely conduct WET tests for permittees.  SCC and EPA staff identified a list of potential participant
laboratories from a variety of sources, including EPA and State environmental agencies, the Society of
Environmental Toxicology and Chemistry (SETAC), reviews of the public literature, the Directory of
Environmental Laboratories (DynCorp, 1996), and the list of laboratories conducting testing for EPA�s
Discharge Monitoring Report Quality Assurance (DMRQA) program.  In addition, the petitioners
provided a list of laboratories interested in participating without EPA sponsorship and a list of potential
non-EPA sponsors. 

On July 9, 1999, SCC solicited all 319 laboratories included in the compiled potential laboratory list.
Laboratories solicited included state, academic, municipal, industrial and private laboratories. 
Solicitation bid packages included the following documents: (1) a detailed cover letter describing the
solicitation; (2) a participant laboratory prequalification document; (3) a participant laboratory SOW,
including a preliminary study schedule; and (4) a participant laboratory bid sheet.  



12

3.3 Prequalification Requirements for Participant Laboratories

To ensure that laboratories participating in the WET Variability Study possessed the capacity and
capabilities, experience and proficiency, and quality assurance and quality control systems necessary to
meet the needs of the study, EPA required all laboratories to meet specific prequalification requirements.  
3.3.1 Prequalification Documentation

To demonstrate its qualifications, each potential participant laboratory was required to provide the 16
prequalification items listed below.  Prequalification was conducted independently for each test method,
and laboratories could submit prequalification materials for any or all methods evaluated in the WET
Variability Study. 

General information

(1) A cover page with the laboratory name, address, telephone number, fax number, e-mail address,
contact person, and additional contacts for day-to-day sample tracking and technical issues, if
different from primary contact. 

(2) A statement on the number of tests that the laboratory can conduct at one time with the proposed
staff, including the number of tests using a single test method and the number of tests using
multiple test methods (e.g., three C. dubia survival and reproduction tests, three fathead minnow
survival and growth tests, and two of each simultaneously). 

Capacity and capabilities

(3) A statement that the combination of facilities, equipment, staff, and laboratory capabilities are
sufficient to meet study needs.

(4) Detailed information on the type and size of laboratory and test equipment used for conducting
each test method, including information on temperature control, sample storage, water
purification devices (i.e., Millipore Milli-Q® filtration and ion exchange), and dilution water
sources.  Laboratories were required to provide summaries of routine water quality monitoring
data on dilution water and water used for culturing or maintaining each species (e.g., 3-4 months
of pH, alkalinity, hardness, and salinity measurements on dilution and culture waters).

(5) A statement that the laboratory can receive next day deliveries (including Saturday deliveries) via
overnight carriers (i.e., Fed Ex, UPS, etc.) and initiate a test on the same day as receipt.

(6) A list of laboratory staff able to participate in the study, including resumes and titles.
 
(7) Information on the source of organisms, including whether organisms are cultured in-house or

obtained externally.  If organisms are cultured in-house, the laboratory was required to provide
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standard operating procedures for organism culturing (as required in number 9 below), a
summary of how culture performance is assessed, and data on culture performance (e.g.,
Ceriodaphnia dubia brood board monitoring data for the past six months or records of
Pimephales promelas egg production).  If organisms are obtained from an external source, the
laboratory was required to specify the source, number of organisms that can be obtained from this
source on a given day, age of obtained organisms, and organism holding and maintenance
conditions. 

Experience and proficiency

(8) Copies of internal standard operating procedures (SOPs) for conducting each of the test methods.
Internal laboratory SOPs for each test method were required to be in place with dates of SOP
origination. 

(9) Copies of supporting internal laboratory SOPs for organism culturing, food preparation, and
dilution water preparation for each species and each method.

(10) A statement on the number of effluent tests conducted in the last year using each of the WET test
methods.  The laboratory was required to specify the frequency with which test acceptability
criteria were met in these tests and the average control response measured in these tests.

(11) A statement regarding State or regional certifications and documentation of current certifications
(if applicable).

Quality assurance/quality control

(12) Evidence that the laboratory maintains control (cusum) charts for reference toxicant tests for each
method.  The laboratory was required to submit the most current control chart for each test
method, covering at least 12-24 data points and showing control limits.  The raw data (actual data
sheets and summarized data) for each data point also were required. Data charts with NOEC
and/or IC25 for the same test values were requested as well as an explanation of why one is used
rather than the other.  Explanations were required if methods used to develop reference toxicant
control charts deviated from promulgated methods or were from the previous edition of a relevant
test protocol.

(13) Evidence that reference toxicant tests are conducted at the appropriate frequency (e.g., monthly
for tests that are routinely conducted for NPDES permits). Along with control chart information
described above, the laboratory was required to provide a statement on the frequency of reference
toxicant testing.  If control charts were composed of fewer than 12-24 data points, an explanation
was required. 

(14) Copies of internal laboratory SOPs for conducting reference toxicant tests and constructing
control charts.  This information had to include a narrative explanation of the width of the control
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limits for the laboratory and a statement of corrective action for any toxicity test result that falls
outside the control limits.

(15) Results of the most recent DMRQA study, if the laboratory participated. The laboratory was
required to provide data point(s) for each method performed for the previous year�s DMRQA
study. If the laboratory did not participate, a narrative statement to that effect was required.

(16) A signed statement of accuracy and completeness of submitted prequalification materials.  The
following statement, signed and dated by an authorized representative of the laboratory, was
required:  �I certify that the information provided in this prequalification package is complete and
accurate to the best of my knowledge.�

3.3.2 Prequalification Determination

SCC evaluated prequalification materials and recommended laboratory rejection based on the following
criteria:

(1) Combination of facilities, equipment, staff and lab capacity and capabilities were insufficient to
meet study needs. 

(2) Organism source information was not provided, culture and/or collection information was
severely lacking, or source information was inadequate to assess the health of the organisms
routinely used.

(3) Internal laboratory SOPs for each method were vague and could not be discerned and/or were
generally insufficient to support performance of the methods in accordance with specific
instructions provided by EPA.

(4) Statements regarding the number of effluent tests conducted per year, test acceptability rates,
average control response, and/or State certifications were not provided, did not adequately
demonstrate proficiency in the test method, or did not adequately demonstrate that the laboratory
is representative of laboratories throughout the United States that routinely conduct WET testing
for permittees.

(5) Control charts were not adequately maintained for reference toxicant tests, or data were not
provided (cusum chart for each endpoint and raw data for each data point). Control charts did not
cover 12-24 data points for each species and test method, and an acceptable explanation was not
provided.

(6) Reference toxicant tests were not conducted at the appropriate frequency (monthly for tests that
are routinely conducted for permits) and a satisfactory explanation was not provided. 
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(7) No acceptable explanation or evidence of corrective action was provided for any control chart
value falling outside the control limits.

(8) The laboratory did not provide the most recent DMRQA study results, or an acceptable
explanation for non-passing results was not provided. If the laboratory did not participate in the
DMRQA study, the laboratory did not include an acceptable explanation as to why they did not
participate.

(9) No signed statement of accuracy and completeness of prequalification materials was included.

Laboratories that failed to meet the prequalification criteria due to an incomplete submission were
notified via fax of their deficiency and allowed an opportunity to submit the missing information. 
Laboratories that did not respond to this notification or were unable to provide the missing information
failed to prequalify for the WET Variability Study.  Only eight laboratories failed to prequalify for the
WET Variability Study.  Two of these laboratories failed to prequalify for more than one test method. 

3.4 Prequalification and Selection of Referee Laboratories

Referee laboratories were required to submit the same prequalification materials listed in Section 3.3.1 for
participant laboratories.  In addition, referee laboratories were required to submit three client references
and provide background information on potential effluent and receiving water sample sources.  Referee
laboratory prequalification materials were evaluated based on the rejection criteria listed in Section 3.3.2
and the additional reference and sample source requirements.  The capacity and capabilities of potential
referee laboratories were highly scrutinized to ensure that the laboratory could meet the sample collection,
preparation, distribution, and testing requirements of the study.  All potential referee laboratories that met
prequalification criteria and were determined to possess the capacity and capabilities to meet the needs of
the study were considered for the referee laboratory position.  From this pool of qualified laboratories, the
lowest bidder was selected as the referee laboratory for each bid lot of test methods.  The referee
laboratories selected for each test method are listed in Table 3.2. 

3.5 Selection of Participant Laboratories 

Laboratories that met all prequalification criteria (see Section 3.3) were eligible for participation in the
WET Variability Study.  From the pool of prequalified laboratories, those laboratories with the nine
lowest bids per method were selected for EPA sponsorship and participation in the base study design (see
Figure 3.1).  If a tie for the ninth lowest bid was encountered, selection among equal bid prices from
prequalified laboratories was determined based on business classification, with preferences granted in the
order of small company, minority-owned, woman-owned, or large company.  From the remaining
prequalified laboratories, those that had identified a willing sponsor outside of EPA (non-EPA
sponsorship) were also selected for participation in the WET Variability Study.  From this group of
prequalified, non-EPA sponsored laboratories, a maximum of 11 laboratories (for each WET test method)
were randomly selected for participation in the base study design.  The 9 EPA-sponsored laboratories and
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the 11 randomly chosen non-EPA-sponsored laboratories constituted the 20 laboratories included in the
base study design for each WET test method.  All remaining prequalified laboratories with non-EPA
sponsorship were selected for participation in the extended study design.  Figure 3.1 displays the
complete process of participant laboratory selection.  SCC formally notified all laboratories on September
8, 1999, of their selection, sponsor for each method (EPA or non-EPA), and level of participation (base or
extended design).  

Table 3.2.  Referee laboratories selected for the WET Variability Study.

Referee laboratory Method(s) supported Date awarded

EA Engineering, Science and
Technology, Inc. 

Ceriodaphnia acute and chronic; Fathead acute and
chronic; Selenastrum chronic

03/10/1999

EA Engineering, Science and
Technology, Inc. 

Mysidopsis chronic; Sheepshead acute and chronic 04/01/1999

Ogden Environmental and Energy
Services, Inc.

Silverside acute and chronic 06/08/1999

MEC Analytical, Inc. Holmesimysis acute 06/02/1999

EnviroSystems, Inc. Champia chronic 04/14/1999

The results of laboratory prequalification and selection are displayed in Table 3.3 for each test method. 
Because only one and two laboratories were procured for the Champia chronic and Holmesimysis acute
test methods respectively, interlaboratory testing was canceled for these two methods.  For all other
methods, 7 to 35 laboratories prequalified and were selected for participation.  A total of 55 laboratories
were selected to participate in the WET Variability Study, with many laboratories participating in
multiple methods.  See Appendix C for an alphabetical list of the participant laboratories.

3.6 Participant Laboratory Meeting

EPA invited all laboratories that submitted prequalification materials to attend a participant laboratory
meeting held in Chicago, Illinois, on September 16, 1999.  At the participant laboratory meeting, EPA
and SCC staff presented the study plan for the WET Variability Study and highlighted participant
laboratory tasks and requirements.  Participant laboratories had the opportunity to meet EPA and SCC
staff and to ask questions regarding the WET Variability Study and their responsibilities.  At the meeting,
EPA and SCC staff did not release any information regarding sample contents, sample descriptions, or
sample distribution schemes that would jeopardize the blind aspect of the study.  Following the meeting,
SCC distributed meeting notes to all participant laboratories that were unable to attend.
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Figure 3.1 Participant laboratory selection process.
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4.0  PRELIMINARY TESTING

Referee laboratories contracted to support each test method during the WET Variability Study were
responsible for conducting preliminary testing of each sample type prior to interlaboratory testing. 
Preliminary testing was single-laboratory testing conducted at the referee laboratory to determine the
appropriate composition of samples for use in the interlaboratory testing phase.  A four-part preliminary
testing plan was developed and instituted to provide background information on sample toxicity,
necessary spiking concentrations, and the persistence of sample toxicity.  Based on the results of
preliminary testing, SCC selected appropriate sample sources and spiking levels for use in interlaboratory
testing.  The four parts of the preliminary testing plan consisted of the tests listed in Table 4.1 and
accomplished the following specific objectives.

C Part 1 - Background testing: determine the suitability of effluent and receiving water sample
matrices for use in the WET Variability Study through characterization of physical, chemical, and
toxicological properties

C Part 2 - Range-finding:  determine the appropriate spiking concentrations for the preparation of
spiked effluent, receiving water, and reference toxicant sample types

C Part 3 - Holding time testing: determine the persistence of toxicity in spiked effluent and
receiving water samples

C Part 4 - Final preliminary testing: assess whether test samples provided the desired range of
toxicity following sample preparation, shipping, and handling

The specific requirements for each part of preliminary testing are described in Sections 4.1 to 4.4 below. 
These preliminary testing requirements were modified for the Champia chronic and Holmesimysis acute
test methods after interlaboratory testing of these methods was canceled.  With this cancellation, the
objectives of any uncompleted preliminary tests were adjusted to better direct the use of preliminary test
data toward assessing single-laboratory test precision rather than preparation for interlaboratory testing. 
Preliminary test results for these two methods are reported in Appendix D and summarized in Section 9 in
lieu of interlaboratory test data.  For all other methods, preliminary testing results (reported in Appendix
D) were not used to assess test precision, but were used to support decisions regarding the selection of test
samples for use in interlaboratory testing.

4.1 Part 1 - Background Testing

Part 1 of preliminary testing verified that selected effluent and receiving water sample matrix sources
were acceptable for study use by assessing the physical, chemical, and toxicological characteristics of the
samples.  Referee laboratories were required to submit information on potential effluent and receiving
water sample sources as part of their prequalification materials.  EPA and SCC reviewed these materials,
including historical information from the source, and made a preliminary selection of the effluent and
receiving water sample sources for each test method.  Following this determination, the referee laboratory
initiated Part 1 of preliminary testing.
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Referee laboratories collected preliminary test samples according to Section 8 of the method manuals
(USEPA, 1993; USEPA, 1994a; USEPA, 1994b).  During Part 1 of preliminary testing, referee
laboratories conducted physical and chemical analyses of both the effluent sample and the receiving water
sample, including alkalinity, hardness, pH, temperature, total residual chlorine, total ammonia, dissolved
oxygen, total dissolved solids, total suspended solids, total organic carbon, biological oxygen demand,
and chemical oxygen demand.  For samples that were to be used in marine tests, salinity and copper also
were measured.  A smaller subset of parameters was analyzed for samples collected during Parts 2-4 of
preliminary testing.

Following chemical and physical characterization of the sample matrices, a single background toxicity
test using each of the test species was conducted on a sample from each effluent and receiving water
source.  If historical information (chemical analysis or toxicological analysis) on the effluent and
receiving water matrix source was available, this information was evaluated along with results of
background testing.  Following completion of analysis and historical data gathering, a final determination
of effluent and receiving water sample sources was made.  The selection criteria for effluent and receiving
water sample sources included the following elements.
 
C Accessibility - Selected effluent and receiving water sample sources were readily accessible to

the referee laboratory.  This included logistical accessibility as well as permission from the source
provider to collect, test, and use the sample source in the WET Variability Study

C Historic testing and experience - It was important for referee laboratories to have significant
experience in collecting and testing the selected effluent and receiving water samples.  This
experience and knowledge of historic testing allowed referee laboratories to identify conditions or
characteristics of the source that could potentially pose problems in the WET Variability Study  

C Characterization - Selected effluent and receiving water sample sources were well characterized
by the referee laboratory through historic physical, chemical, and toxicological testing, as well as
Part 1 of preliminary testing

C Consistency - Selected effluent and receiving water sample sources either provided a consistent
level of toxicity or consistently produced no toxicity (in which case the sample could be spiked to
achieve the desired effect level)

4.2 Part 2 - Range-finding

Part 2 of preliminary testing determined the range of spiking concentrations necessary to achieve a
specific level of toxic effect for each sample type.  This determination was critical to insuring that test
concentrations used in interlaboratory testing bracketed the effect concentrations (LC50, IC25, IC50, and
NOEC) evaluated in the WET Variability Study.  During interlaboratory testing, participant laboratories
were instructed to test each sample using a test concentration range of 6.25 - 100%, so it was important
for test samples to produce measurable toxic effects within that test concentration range.  Effluent and
receiving water samples were spiked to produce target effect concentrations (LC50s for acute test
methods and IC25s for chronic test methods) of 25% sample during interlaboratory testing.  The reference
toxicant sample was spiked to produce target effect concentrations of 50% sample during interlaboratory
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testing.  Spiking levels for the Selenastrum chronic test method were targeted to produce an IC50 of 38%
sample during interlaboratory testing. 
  
During Part 2 of preliminary testing, each matrix (effluent for the effluent sample, receiving water for the
receiving water sample, and synthetic dilution water for the reference toxicant sample) was spiked at a
range of concentrations estimated to encompass the desired effect concentrations (LC50s for acute test
methods and IC25s for chronic test methods).  Effluents and receiving water samples were not spiked if
they possessed persistent toxicity and produced effect concentrations near the target effect level. 
Potassium chloride (KCl) was used as the spiking agent for freshwater methods, sheepshead acute and
chronic methods, and the Mysidopsis chronic test method; copper sulfate (CuSO4) was used as the spiking
agent for silverside acute and chronic test methods, Champia chronic, and Holmesimysis acute test
methods.  Preliminary spiking levels for Part 2 testing were determined from referee laboratory reference
toxicant testing databases, literature values, or range-finding tests conducted just prior to Part 2 testing.  

Part 2 preliminary tests on spiked matrices were conducted as definitive tests according to the WET
method manuals and specific requirements of the WET Variability Study plan (see Section 7).  Part 2
testing was conducted for each test method and each sample matrix.  If the results of Part 2 testing were
not conclusive or if they differed greatly from historic reference toxicant testing conducted in the referee
laboratory, Part 2 tests were repeated.  Following Part 2 testing, appropriate spiking concentrations for
interlaboratory testing were estimated.  These spiking levels were estimated as the effect concentration
determined in Part 2 testing divided by 25% (0.25) for effluent and receiving water samples and divided
by 50% (0.5) for the reference toxicant sample.  For example, if Part 2 testing for a given method
determined an IC25 of 100 mg KCl/L in the effluent matrix, the final spiking concentration for the
effluent sample type should be 400 mg KCl/L.  This final spiking concentration was determined by
dividing the Part 2 IC25 value (100 mg/L) by the target effect level of 25% (0.25) sample to obtain 400
mg KCl/L.  When the final sample spiked at 400 mg KCl/L is diluted during interlaboratory testing using
the standard 0.5 dilution factor (i.e., 100%, 50%, 25%, 12.5%, and 6.25% sample), the 25% sample test
concentration should contain 100 mg KCl/L, and the test IC25 should be near the targeted 25% sample
range. 

4.3 Part 3 - Holding Time Testing

Part 3 of preliminary testing determined the persistence of toxicity in the effluent and receiving water
samples.  Excess volume of the spiked effluent and receiving water samples was retained from Part 2
testing and stored in the dark at 4EC.  Following storage for seven days, a second test was conducted
using the stored sample, and results were compared to that of the initial test.  If effluent or receiving water
samples were not spiked, Part 3 testing was conducted on excess unspiked effluent and receiving water
sample collected in Part 1.  For acute and chronic test methods using the same species, Part 3 testing was
conducted using only the acute test method.  The results of holding time testing provided valuable
information on the persistence of sample toxicity.  This information was useful in the timing and
scheduling of referee laboratory sample preparation for interlaboratory testing.  This information also
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supported the assumption that sample toxicity remained constant when testing at a given participant
laboratory was delayed due to problems with sample shipment or organism availability.

4.4 Part 4 - Final Preliminary Testing

Part 4 of preliminary testing validated that the samples and spiking concentrations (if applicable) selected
for the WET Variability Study achieved the desired range of effect following sample preparation,
shipping, and handling.  Spiking concentrations for Part 4 testing were determined from the results of Part
2 testing with necessary adjustments to meet the target effect levels.  Part 4 testing also served as a trial
run for sample collection, preparation, packaging, and shipment in the interlaboratory testing phase.  Each
sample type that was used in final preliminary testing was collected, prepared, packaged, and shipped
exactly as described for interlaboratory testing (see Sections 5 and 6).  Final preliminary testing samples
were shipped by the referee laboratory round-trip back to the referee laboratory (e.g., sent from the
referee laboratory on one day for delivery back to that same facility the next day).  Upon receipt, the
referee laboratory conducted final preliminary tests as described for interlaboratory testing (see Section
7).  Part 4 testing was used to determine if the selected spiking concentrations achieved the targeted effect
levels following sample preparation and shipment.  Spiking levels that produced effect concentrations
within the range of 10-35% for effluent and receiving water samples or 35-60% for reference toxicant
samples were considered appropriate for use in the interlaboratory testing phase.  Based on the results
from Part 4 preliminary testing, SCC selected the sample composition (matrix, spiking agent, and spiking
levels) for use in interlaboratory testing.  Referee laboratories then prepared (see Section 5) and shipped
(see Section 6) samples to participant laboratories for interlaboratory testing (see Section 7).
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5.0  SAMPLE PREPARATION

For each method, four test sample types were prepared in bulk by the referee laboratory, divided, and
distributed to participant laboratories for testing.  The four sample types included a blank sample, a
reference toxicant sample, an effluent sample, and a receiving water sample.  This section describes the
preparation of these test samples for use in interlaboratory testing.  The test sample types and appropriate
spiking concentrations were selected based on preliminary testing conducted by the referee laboratories
(see Section 4 and Appendix D).

5.1 Freshwater Methods

For the freshwater methods, Table 5.1 describes each of the sample types that were prepared and
distributed for interlaboratory testing by the referee laboratory (EA Engineering, Science and
Technology, Inc.).  The blank sample type for all freshwater test methods, with the exception of the
Selenastrum chronic method, consisted of moderately hard synthetic freshwater prepared according to
Section 7 of the WET method manual (USEPA, 1994a).  The blank sample type was prepared by adding
the appropriate amounts of reagents (Section 7, USEPA, 1994a) to deionized water in cleaned and rinsed
5-gallon or 3-gallon (depending on the volume needed for interlaboratory testing) high-density
polypropylene (HDPP) carboys.  Following preparation, the bulk blank sample was thoroughly mixed and
aerated for at least 24 hours (as required in Section 7, USEPA, 1994a) prior to removing aliquots for
packaging and distribution to participant laboratories.  For the Selenastrum chronic test method, the blank
sample was prepared as deionized water. 

The reference toxicant sample type for all freshwater test methods consisted of the blank sample matrix
(moderately hard synthetic freshwater for Ceriodaphnia and fathead test methods and deionized water for
the Selenastrum chronic method) spiked with KCl.  Moderately hard synthetic freshwater was prepared
by adding the appropriate amounts of reagents (Section 7, USEPA, 1994a) to deionized water in cleaned
and rinsed 5-gallon or 3-gallon (depending on the volume needed for interlaboratory testing) HDPP
carboys.  The appropriate amount of reagent grade KCl was then added to the moderately hard synthetic
freshwater (or deionized water for the Selenastrum chronic method) to achieve the spiking concentrations
listed in Table 5.2.  When ampule samples were reconstituted according to instructions provided in the
participant laboratory SOPs (Appendix B), the resulting reconstituted sample yielded the spiking
concentrations listed in Table 5.1. 
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Table 5.2.  Spiking concentrations in reference toxicant ampule samples.

Test methoda Reference
toxicant

Spiked conc.
in prepared

ampule sample
(mg/L)b

Volume of
ampule sample

added to
reconstituted
sample (mL)

Reconstituted
sample
volume

(L)

Resulting
conc. in

reconstituted
sample
(mg/L)b

Ceriodaphnia acute KCl 10,000 100 1 1,000
Ceriodaphnia chronic KCl 8,100 100 3 270

Fathead acute KCl 88,000 100 4 2,200
Fathead chronic KCl 97,600 100 8 1,220

Selenastrum chronic KCl 113,100 200 4 5,655
Mysidopsis chronic KCl 108,000 100 9 1,200
Sheepshead acute KCl 25,280 500 4 3,160

Sheepshead chronic KCl 90,000 500 15 3,000
Silverside acute CuSO4 40.0 100 4 1.0

Silverside chronic CuSO4 210 100 21 1.0
a Interlaboratory testing was not conducted for the Champia chronic and Holmesimysis acute test methods.
b Spiking concentrations are nominal values. 

The effluent sample type for all freshwater test methods consisted of a freshwater municipal effluent
spiked with KCl.  The effluent was collected from a municipal wastewater treatment plant that is designed
to treat 180 mgd, is able to handle peak flows of 400 mgd, and currently treats 140 to 150 mgd.  The
facility employs tertiary treatment for biological nutrient removal including single-stage nitrification/
denitrification, sand filtration, chlorination/dechlorination, and anaerobic digestion.  Effluent was
collected at this site from a small access pipe through which effluent was pumped from the main
discharge outfall.  Sample was collected from this access pipe using a funnel and tubing to fill 5-gallon
HDPP carboys.  Sample was then immediately transported to the referee laboratory at ambient
temperature.  Upon arrival, the referee laboratory stored the sample in the dark at <4°C.  Table 5.3 lists
the volume of effluent collected for each test method.  The effluent sample was then homogenized in 50-
gallon HDPP containers.  If the volume of the sample collected for interlaboratory testing was greater
than 50 gallons for a given test method, the sample was stored and homogenized in multiple 50-gallon
containers connected with piping.  Submersible pumps were used to circulate and homogenize the sample
among individual containers.  Following homogenization, the effluent sample for each test method was
spiked at the appropriate concentration with KCl (Table 5.1).  The appropriate amount of KCl was
initially dissolved in a small volume of effluent and then added to the bulk effluent sample.  When
multiple containers were used, equal amounts of KCl were added to each container. 

The receiving water sample type for all freshwater test methods consisted of a natural river water spiked
with KCl.  The  receiving water was collected from the Gunpowder River near Falls Road, in Baltimore
County, Maryland.  Receiving water was collected by filling 1-gallon HDPP containers under the surface
of the water.  Receiving water sample was then transferred to 5-gallon HDPP containers and immediately
transported to the referee laboratory at ambient temperature.  Upon arrival at the referee laboratory, the
sample was stored at <4°C in the dark.  Table 5.4 lists the volume of receiving water collected for each
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test method. The receiving water sample was then homogenized and spiked as described in the preceding
paragraph for the effluent sample type.  

Bulk samples for all sample types were prepared in cleaned and rinsed containers.  Containers were
cleaned with detergent, hydrochloric acid, acetone, and rinsed with deionized water.  All bulk sample
preparations were mixed thoroughly prior to spiking, following spiking, and prior to removing aliquots
for distribution to participant laboratories.  All bulk samples were stored in the dark at <4°C prior to
shipment to participant laboratories.

Table 5.3.  Effluent sample volumes collected for interlaboratory testing.

Test methoda

Volume required
per sample 

(L)

Number of
participant lab

samples required

Minimum
required volume

(L)b

 Collected
volume

(L)
Ceriodaphnia acute 1 28 28 45

Ceriodaphnia chronic 7 28 196 270
Fathead acute 4 28 112 150

Fathead chronic 17.5 28 490 660
Selenastrum chronic 4 16 64 100
Mysidopsis chronic 21 16 336 450
Sheepshead acute 4 8 32 60

Sheepshead chronic 35 8 280 375
Silverside acute 4 13 52 60

Silverside chronic 49 14 686 1000
a  Interlaboratory testing was not conducted for the Champia chronic and Holmesimysis acute test methods.
b  Minimum required volume = Volume per sample X number of samples.  

Table 5.4.  Receiving water sample volumes collected for interlaboratory testing.

Test methoda

Volume required
per sample 

(L)

Number of
participant lab

samples required

Minimum
required volume

(L)b

 Collected
volume

(L)
Ceriodaphnia acute 1 14 14 19

Ceriodaphnia chronic 7 14 98 135
Fathead acute 4 14 56 90

Fathead chronic 17.5 14 245 345
Selenastrum chronic 4 9 36 60
Mysidopsis chronic 21 9 189 278
Sheepshead acute 4 8 32 75

Sheepshead chronic 35 8 280 389
Silverside acute 4 7 28 36

Silverside chronic 49 8 392 540
a  Interlaboratory testing was not conducted for the Champia chronic and Holmesimysis acute test methods.
b  Minimum required volume = Volume per sample X number of samples.  
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5.2 Marine Methods

For the marine methods, Table 5.5 describes each of the sample types that were prepared and distributed
for interlaboratory testing by the referee laboratory (EA Engineering, Science and Technology, Inc. for
the Mysidopsis chronic and sheepshead acute and chronic test methods; Ogden Environmental and Energy
Services, Inc. for the silverside acute and chronic test methods).

5.2.1 Mysidopsis Chronic and Sheepshead Acute and Chronic Test Methods

The blank sample type for the Mysidopsis chronic, sheepshead acute, and sheepshead chronic test
methods consisted of synthetic seawater prepared at a salinity of 25 ppt.  The blank sample type was
prepared by adding the appropriate amounts of bioassay grade Forty Fathoms® artificial sea salts to
deionized water in cleaned and rinsed 5-gallon or 3-gallon (depending on the volume needed for
interlaboratory testing) HDPP carboys.  Following preparation, the bulk blank sample was thoroughly
mixed to dissolve the added reagents. 

The reference toxicant sample type for the Mysidopsis chronic, sheepshead acute, and sheepshead chronic
test methods consisted of deionized water spiked with KCl.  For these test methods, deionized water
rather than artificial seawater was spiked with KCl to improve the solubility of KCl in the highly
concentrated reference toxicant ampule samples.  The appropriate amount of reagent grade KCl was
added to deionized water in cleaned and rinsed 5-gallon or 3-gallon (depending on the volume needed for
interlaboratory testing) HDPP carboys to achieve the spiking concentrations listed in Table 5.2 for the
reference toxicant  samples.  When ampule samples were reconstituted according to instructions provided
in the participant laboratory SOPs (see Appendix B), the resulting reconstituted sample yielded the
spiking concentrations listed in Table 5.5. 

The effluent sample type for the Mysidopsis chronic, sheepshead acute, and sheepshead chronic test
methods consisted of a municipal effluent spiked with KCl.  The municipal effluent described previously
for freshwater methods (see Section 5.1) also was used for the Mysidopsis chronic, sheepshead acute, and
sheepshead chronic test methods.  The effluent was collected and transported to the referee laboratory as
previously described for the freshwater methods (see Section 5.1).  Table 5.3 lists the volume of effluent
collected for each test method.  The effluent sample was then homogenized in 50-gallon HDPP
containers.  If the volume collected and necessary for interlaboratory testing was greater than 50 gallons
for a given test method, the sample was stored and homogenized in multiple 50-gallon containers
connected with piping.  Submersible pumps were used to circulate and homogenize sample among
individual containers.  Following homogenization, the salinity of the effluent sample was adjusted by the
addition of bioassay grade Forty Fathoms® artificial sea salts.  Salinity of the effluent sample was
adjusted to 23 ppt, 20 ppt, and 21 ppt for the Mysidopsis chronic, sheepshead acute, and sheepshead
chronic test methods, respectively.  Since the addition of the KCl spike increased salinity, the initial
salinity levels were selected to achieve a final salinity of 25 ppt in the effluent sample following spiking
with KCl.  Following salinity adjustment, the effluent sample was spiked at the appropriate concentration
with KCl (Table 5.5).  The appropriate amount of KCl was initially dissolved in a small volume of 
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effluent and then added to the bulk effluent sample.  When multiple containers were used, equal amounts
of KCl were added to each container. 

The receiving water sample type for the Mysidopsis chronic, sheepshead acute, and sheepshead chronic
test methods consisted of a natural seawater spiked with KCl.  Receiving water was collected from
Manasquan Inlet, in Manasquan, Monmouth County, New Jersey.  Seawater was collected within
approximately 1 hour of high tide using a submersible pump, and transferred into 5-gallon HDPP carboys
for transport.  The seawater sample collected for each test method was filtered through a 5-µm filter either
at the time of collection or upon receipt at the referee laboratory.  The receiving water sample was
transported to the referee laboratory at ambient temperature.  Upon arrival, the referee laboratory stored
the sample in the dark at <4°C.  Table 5.4 lists the volume of receiving water collected for each test
method. The receiving water sample was then homogenized and spiked as described in the preceding
paragraph for the effluent sample type.  

Bulk samples for all sample types were prepared in cleaned and rinsed containers.  Containers were
cleaned with detergent, hydrochloric acid, acetone, and rinsed with deionized water.  All bulk sample
preparations were mixed thoroughly prior to spiking, following spiking, and prior to removing aliquots
for distribution to participant laboratories.  All bulk samples were stored in the dark at <4°C prior to
shipment to participant laboratories.

5.2.2 Silverside Acute and Chronic Test Methods

The blank sample type for the silverside acute and chronic test methods consisted of synthetic seawater
prepared at a salinity of 25 ppt.  The blank sample type was prepared by adding the appropriate amounts
of bioassay grade Forty Fathoms® artificial sea salts to deionized water in polycarbonate carboys. 
Following preparation, the bulk blank sample was thoroughly mixed to dissolve the added reagents. 

The reference toxicant sample type for the silverside acute and chronic test methods consisted of the
blank sample matrix (synthetic seawater at 25 ppt salinity) spiked with CuSO4.  The appropriate volume
of a concentrated CuSO4 stock solution was added to synthetic seawater in 10-L polycarbonate containers
to achieve the spiking concentrations listed in Table 5.2 for the reference toxicant ampule sample.  When
ampule samples were reconstituted according to instructions provided in the participant laboratory SOPs,
the resulting reconstituted sample yielded the spiking concentrations listed in Table 5.5. 

The effluent sample type for the silverside acute and chronic test methods consisted of an industrial
effluent spiked with CuSO4.  The effluent was collected from an industrial wastewater treatment facility
that treats wastes from an oil refinery.  Effluent was collected using an automatic sampler set to collect a
single grab sample.  Sample was collected and stored in 5-gallon buckets with 4mm polyethylene liners
and plastic lids for transport to the referee laboratory.  Upon arrival, the referee laboratory stored the
sample in the dark at <4°C.  Table 5.3 lists the volume of effluent collected for each test method.  The
effluent sample was then homogenized in 250-L polycarbonate containers using a mechanical mixer.  The
volume required for the silverside chronic test method necessitated the preparation of separate batches of
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effluent sample prior to shipment of test samples for test initiation, the first renewal shipment, and the
second renewal shipment.  For each batch, it was necessary to mix and hold sample in two 250-L
containers.  The sample was homogenized among the two containers by repeatedly (six times) adding
40% of one container to the other and mixing each time.  For the silverside acute test method, all effluent
sample was mixed and prepared in a single 250-L container.  Following homogenization, the salinity of
the effluent sample was adjusted to 25 ppt by the addition of bioassay grade Forty Fathoms® artificial sea
salts.  The effluent sample was then spiked by adding the appropriate volume of a concentrated CuSO4

stock solution to achieve the spiking concentrations listed in Table 5.5. 

The receiving water sample type for the silverside acute and chronic test methods consisted of a natural
seawater spiked with CuSO4.  Natural seawater was collected from the Scripps Institution of
Oceanography seawater system in La Jolla, CA.  Seawater was pumped from a fixed collection site 320m
offshore of La Jolla, CA, filtered through a sand filter, and trucked to the referee laboratory.  At the
referee laboratory, the seawater was incorporated into the laboratory�s flow-through seawater system that
includes two 2,200-gallon storage tanks, an in-line 20-µm filter, and an in-line heater/chiller unit.  The
salinity of receiving water (initially 34 ppt) was adjusted to 25 ppt with the addition of deionized water. 
The bulk receiving water sample then was homogenized in 250-L polycarbonate containers and spiked by
adding the appropriate volume of a concentrated CuSO4 stock solution to achieve the spiking
concentrations listed in Table 5.5. 

Bulk samples for all sample types were prepared in cleaned and rinsed containers.  Containers were
cleaned with detergent, rinsed with tap water, then deionized water, and rinsed again with sample.  All
bulk sample preparations were mixed thoroughly prior to spiking, following spiking, and prior to
removing aliquots for distribution to participant laboratories.  All bulk samples were stored in the dark at
<4°C prior to shipment to participant laboratories.

5.3 Problems Encountered in Sample Preparation

The reference toxicant sample prepared for the Ceriodaphnia chronic test method produced toxicity in
only some of the participant laboratories (see Section 9.3).  The referee laboratory also did not detect
toxicity in this sample during the interlaboratory testing phase.  It was determined that the reference
toxicant sample prepared for interlaboratory testing was spiked at a level that was only slightly toxic and
very near the minimum detection level (100% sample).  Depending on the sensitivity of test organisms at
individual laboratories, some laboratories identified the sample as toxic, while other laboratories did not. 
The spiking level used for this sample was based on preliminary testing results from three tests that
indicated an IC25 of 138, 132, and 134 mg KCl/L.  The average of these tests (135 mg KCl/L) was
multiplied by two to obtain the target spiking level of 270 mg KCl/L.  It should be noted that one of the
preliminary tests produced an IC25 of 320 mg/L KCl, indicating that 135 mg KCl/L may have been a low
estimate of the IC25 for KCl. 

The reference toxicant sample for the silverside acute test also did not produce a toxic response in
interlaboratory testing.  This was caused by precipitation of the spiked copper in the liquid ampule
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sample.  Precipitation of copper in seawater samples also was observed in preliminary testing for the
Mysidopsis and sheepshead test methods, so the spiking agent for these methods was changed (see
Appendix D, Section D.9).  For the silverside methods, this potential problem was not identified during
preliminary testing so no change in the spiking agent was made prior to interlaboratory testing.  Part 4
preliminary testing of the reference toxicant sample did not reveal copper precipitation and produced an
LC50 of 0.29 mg Cu/L.  The same spiking levels used in Part 4 testing were used for the interlaboratory
sample, yet results for that sample showed precipitation and no toxicity.  The referee laboratory
discovered that in Part 4 preliminary testing, the reference toxicant ampule sample was prepared using
deionized water, but the interlaboratory sample was prepared using synthetic seawater.  To confirm that
this difference in sample matrix resulted in the non-toxic interlaboratory sample, the referee laboratory
prepared two additional reference toxicant samples at the same spiking level used for interlaboratory
testing.  One sample was prepared using deionized water and one was prepared using synthetic seawater. 
Testing results from the sample prepared using deionized water were consistent with Part 4 preliminary
testing results (LC50 of 25.5% sample), and results from the ampule sample prepared using synthetic
seawater were consistent with interlaboratory testing results (LC50 >100% sample).  These additional
tests confirmed that preparation of the reference toxicant ampule sample using synthetic seawater caused
the precipitation of the spiked copper and produced a nontoxic sample for interlaboratory testing.  
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6.0  PACKAGING AND DISTRIBUTION OF TEST SAMPLES

6.1 Sample Distribution Scheme

Laboratories participating in the base study design (see Sections 2.2.3 and 3.5) each received four blind
test samples; laboratories participating in the extended study design each received three blind test
samples.  The sample distribution scheme in Table 6.1 shows the number and type of samples distributed
to each laboratory according to the laboratory�s assigned position in the study.  EPA-sponsored
laboratories were randomly assigned among positions 1-9, non-EPA sponsored laboratories in the base
study design were randomly assigned among positions 10-20, and laboratories participating in the
extended study design were randomly ordered in positions 21- the total number of laboratories.  As noted
in Table 6.1, an alternate sample distribution scheme was used for the sheepshead acute and chronic test
methods.  Since fewer than nine laboratories participated in these methods, the sample distribution
scheme would not have met the data quality objective of obtaining six data sets for each test method and
sample type.  For these test methods, one of each of the sample types was distributed to each of the seven
participant laboratories.  

6.2 Packaging and Shipment of Samples

After bulk test samples were prepared according to Section 5, each bulk test sample was divided into
individual test sample aliquots for shipment to participant laboratories.  Test sample aliquots were divided
into containers appropriate for the individual test sample volumes.  High-density polypropylene sample
containers, of the appropriate size (refer to Tables 6.2 and 6.3) were pre-rinsed, filled with the sample,
and sealed with zero head-space. All blank and reference toxicant samples were prepared and packaged as
ampule samples. Ampule samples were small volume (generally 100 mL) liquid samples that were
reconstituted at participant laboratories to provide the necessary test sample volume. For the Selenastrum
chronic test and the sheepshead acute and chronic tests, larger volumes (200 mL, 500 mL, and 500 mL,
respectively) were used for ampule samples to reduce the concentration of KCl in the reference toxicant
ampule sample and avoid potential solubility problems.  All ampule samples (blank and reference
toxicant sample types) for a given test method were shipped in the same container style and size.  Effluent
and receiving water samples were prepared and packaged as whole volume samples in HDPP cubitainers. 
All whole volume samples for a given test method were shipped in the same container style and size. 
Tables 6.2 and 6.3 show the volumes and numbers of samples prepared for freshwater and marine test
methods, respectively.  

For chronic test methods that required daily renewal, samples were packaged and shipped in three
separate aliquots.  The first aliquot (Initiation) was received by the participant laboratory on test Day 0
and was used for test initiation on Day 0 and test renewal on Day 1.  The second aliquot (Renewal 1) was
received on test Day 2 and used for test renewals on Day 2 and Day 3.  The final aliquot (Renewal 2) was
received on test Day 4 and used for test renewal on Day 4, Day 5, Day 6, and Day 7 if necessary (for the
Ceriodaphnia chronic test method).  For ampule samples, all three separate aliquots were received on test
Day 0, and participant laboratories were instructed to reconstitute the samples following the scheme
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described above (separate aliquots reconstituted on test Days 0, 2, and 4).  For all acute test methods, a
single aliquot of sample was received and used for test initiation and any required renewals. 

Table 6.1.  Sample distribution scheme for the WET Variability Study.a

Participant laboratory
assigned position

Number of samples of each type received
    Blank         Effluent Receiving water Reference toxicant

Base study
design  
EPA-

sponsored

1 1 1 1 1
2 1 2 1 0
3 1 0 1 2
4 1 1 0 2
5 0 2 1 1
6 1 1 0 2
7 0 2 1 1
8 1 1 0 2
9 0 2 1 1

Base study
design

non-EPA
sponsored

10 1 1 1 1
11 1 2 1 0
12 1 0 1 2
13 0 2 0 2
14 0 2 0 2
15 1 2 1 0
16 1 0 1 2
17 0 2 0 2
18 0 2 0 2
19 1 2 1 0
20 1 0 1 2

Extended
study design

non-EPA
sponsored

21 - up
(odd #s)

2 0 0 1

21 - up
(even #s)

1 0 0 2
a This sample distribution scheme was used for interlaboratory testing of all test methods except the sheepshead acute and
chronic test methods.  For these test methods, one of each of the sample types was distributed to each of the seven participant
laboratories.

Samples were cooled to <4EC prior to shipment and then packed in coolers (e.g., 28, 48, 54-qt) containing
wet ice.  Depending on the test method performed by an individual participant laboratory, multiple test
samples were shipped in one cooler if possible to reduce the number of coolers shipped.  Test sample
volumes that exceeded the maximum weight limit for overnight shipping were divided into separate
coolers for shipment.  Duplicate test sample aliquots were shipped in the same cooler whenever possible;
if test sample volume prohibited shipping duplicates in the same cooler, they were shipped under the
same airbill to ensure they were shipped together.  All samples were shipped FedEx Priority Overnight
for delivery on the day of scheduled testing (see Section 2.2.4).  Referee laboratories conducted testing
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simultaneously with participant laboratories on samples prepared identically to those for interlaboratory
testing and shipped round-trip back to the referee laboratory.

6.3 Sample Tracking

Each WET test method received an EPA episode number to designate samples prepared for that test
method.  Each sample aliquot that was prepared and shipped was assigned a unique sample number and
was accompanied by an EPA traffic report form.  Duplicate samples received different sample numbers to
retain the blind sample aspect of the study design.  For chronic test methods that required additional
shipments for sample renewal, the sample number remained the same for each initiation and renewal
shipment with the addition of a letter (A, B, and C) after the sample number to designate the sample for
use as Initiation (A), Renewal 1 (B), or Renewal 2 (C).  The sample number was clearly and permanently
marked on each container and the accompanying EPA traffic report form.  Sample numbers for each test
method are given in Table 6.4.  Following completion of the study, each test sample was assigned a
sample code (in addition to the sample number previously assigned) as an alternate unique identifier.  For
the results section of this report, samples are identified by sample codes to aid in blinding the identity of
individual participant laboratories.

Referee laboratories included an EPA traffic report form with each sample that was shipped to document
the chain-of-custody for that sample.  The traffic report form (see Appendix B) identified the episode
number, sample number, name and address of the referee laboratory, name and address of the participant
laboratory, date shipped, airbill number, tests requested, and pre-shipment sample information (sample
preparation date and initial water chemistry).  A traffic report form specific to each sample was placed in
a waterproof enclosure (e.g., Ziploc® bag) and packed in the cooler with the respective sample.  Each
cooler used in the study was permanently numbered and labeled (with the referee laboratory name and
address) to assist in locating lost coolers and to assist in retrieving coolers from participant laboratories.

For each shipment event, the referee laboratory also completed a sample shipment documentation form. 
The referee laboratory faxed this form to SCC immediately after sample pickup by FedEx.  The sample
shipment form documented the following information for each shipping event:
� Sample number - the unique identifying number for each sample aliquot
� Sample description - identified the sample as either blank, spiked effluent, spiked receiving water, or

reference toxicant
� Participant laboratory name - name of the laboratory to which the sample was shipped  
� Airbill number - the overnight shipping service�s number that identified each individual shipment
� Size of test containers - the volume of the test container in which the sample was shipped
� Cooler number - a unique identifying number for the cooler in which the sample was shipped.  
� Comments - any miscellaneous information related to sample shipment. 
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SCC entered shipment information into a database and used this information on the day of expected
sample arrival to track the delivery of each sample through the FedEx automated shipment tracking
system.  If sample shipment problems were encountered, SCC notified participant laboratories of the
problem and instructed the laboratory how to proceed.  The instructions provided by SCC were specific to
the individual case, but laboratories were generally instructed to initiate testing on the day of sample
arrival if the sample was delivered prior to the close of business.  If the delivery of renewal samples was
delayed, laboratories were instructed to renew the test on time with remaining sample from the previous
shipment.  If sample shipments could not be located or if tracking did not indicate progress of the sample,
the referee laboratory was instructed to resend the sample (prepared from the remaining bulk sample) for
delivery the following day.

Upon receipt of each sample, participant laboratories were responsible for determining that the sample
arrived in satisfactory condition and for documenting receipt of the sample, post-shipment sample water
quality (temperature, pH, dissolved oxygen, and conductivity or salinity), and any problems on the EPA
traffic report form. Laboratories faxed the completed traffic report form to SCC immediately upon sample
receipt and retained a copy for inclusion in the data report.  SCC�s faxed receipt of the completed traffic
report form from the participant laboratory served as the notification that the sample had arrived in good
condition at the participant laboratory. 

For ampule samples, participant laboratories were not required to measure post-shipment sample water
quality.  To avoid possible contamination between the highly concentrated reference toxicant ampule
samples and blank samples, no direct measurements were made on the ampule samples.  Temperature was
measured in a temperature check sample that was included with each cooler containing ampule samples. 
This sample, which was clearly marked as a temperature check, contained tap water in the same volume
and container as ampule samples. 

Table 6.4.  Episode numbers and sample numbers used in the WET Variability Study.
Test method Episode number Sample number range Sample code range

Ceriodaphnia acute 6207 03000 - 03107 9217 - 9324

Ceriodaphnia chronic 6208 04000 - 04128 9325 - 9453

Fathead acute 6205 01000 - 01110 9001 - 9111

Fathead chronic 6206 02000 - 02104 9112 - 9216

Selenastrum  growth 6209 05000 - 05047 9454 - 9501

Mysidopsis chronic 6216 12000 - 12047 9650 - 9697

Sheepshead acute 6214 10000 - 10031 9586 - 9617

Sheepshead chronic 6215 11000 - 11031 9618 - 9649

Silverside acute 6210 06000 - 06041 9502 - 9541

Silverside chronic 6211 07000 - 07043 9542 - 9585
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6.4 Problems Encountered in Sample Distribution

On the first shipment day for the Ceriodaphnia acute test method (11/08/99), the referee laboratory
inadvertently switched the blank and reference toxicant ampule samples.  All participant laboratories that
were intended to receive blank samples received reference toxicant samples, and all laboratories that were
intended to receive reference toxicant samples received blank samples.  This error was not noticed at the
time, and the referee laboratory incorrectly reported sample types on the sample shipment documentation
form faxed to SCC.  Since all samples were received by participant laboratories as blind test samples, this
error had no effect on the participant laboratory testing of samples.  This error did alter the intended
sample distribution scheme (Table 6.1); however, the number of blank and reference toxicant samples
were approximately equal so effects on the study design were minimal.  The error was first identified by
SCC as a result of participant laboratory data reports.  Test results and conductivity measurements on the
two samples indicated that the samples were switched.  Since KCl was used as the reference toxicant,
conductivity measurements were used to properly identify the blank and reference toxicant samples. 
Conductivity of the reconstituted blank sample was approximately 300 Fmhos/cm, and conductivity of
the reconstituted reference toxicant sample was approximately 2900 Fmhos/cm.  The referee laboratory
determined that the error was caused by inadvertently filling ampules intended for blank samples with the
reference toxicant bulk sample and filling ampules intended for reference toxicant samples with the blank
bulk sample.  

Due to weather or other circumstances, sample shipments occasionally failed to arrive at the participant
laboratory on time.  Of the 1438 sample aliquots shipped in the WET Variability Study, 1412 (or 98%)
successfully arrived on the intended delivery date.  Tests that were initiated on samples greater than 36
hours old are identified with a data qualifier flag in the �Results� section of this report (Section 9).  No
participant laboratory tested samples that were greater than 72 hours old. 

Samples also occasionally arrived at participant laboratories at temperatures above 4°C.  Only 7.4% of the
1438 sample aliquots arrived at above the recommended sample shipment temperature.  This also had
little effect on test results in the WET Variability Study since sample characteristics were known and
selected toxicants were not likely to be altered as a result of slight temperature fluctuations.  

On seven occasions, participant laboratories noted that sample labels were smeared by melting ice in the
coolers and were difficult to read.  This problem was addressed by placing the ice in double-lined plastic
bags within the coolers.  On all occasions the sample numbers were identified using the accompanying
traffic report form.  Participant laboratories then re-labeled the sample.
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7.0  INTERLABORATORY TESTING

Interlaboratory testing was conducted to obtain data from multiple laboratories on the same test sample. 
These data were used to evaluate the performance of the WET test methods.  Prior to interlaboratory
testing of each test method, SCC provided participant laboratories with method-specific SOPs
documenting participant laboratory requirements (see Appendix B).  These SOPs described the shipment
and tracking of test samples, provided instructions for any necessary pre-test sample adjustments
(including preparation of reconstituted ampule samples), provided general and method-specific testing
requirements as described in Section 7.1 and 7.2, and described data reporting requirements.  Participant
laboratories were then provided with samples (prepared according to Section 5) for immediate testing. 
Interlaboratory testing was conducted according to the schedule provided in Section 2.2.4 for the
Ceriodaphnia acute and chronic, fathead acute and chronic, Selenastrum chronic, Mysidopsis chronic,
sheepshead acute and chronic, and silverside acute and chronic test methods.  Interlaboratory testing was
canceled for the Champia chronic and Holmesimysis acute test methods (see Section 2.1). 

7.1 General Testing Requirements

Except where indicated in the SOPs provided to participant laboratories, each test was conducted in
accordance with the general guidance and method-specific requirements for effluent testing included in
the WET methods manuals.  Additional general WET test requirements that were listed in participant
laboratory SOPs are provided below:

(1) Tests were required to be conducted by the same laboratory personnel that routinely conduct
WET tests at that laboratory facility and who were identified in the prequalification materials. 
The laboratory was required to contact SCC if these individuals could not be available during any
part of the study.  Personnel conducting the tests were to be identified clearly and consistently in
records. 

(2) To coordinate testing at participant laboratories, testing of each sample with each method was
required to be initiated on the precise day specified in the study schedule.  The study schedule
was distributed to participating laboratories prior to commencement of each study round and in
ample time to prepare for testing.  Laboratories were required to test samples within 36 hours
from the time of sample preparation (determined in the WET Variability Study as the time at
which individual sample aliquots were divided from the bulk test sample for distribution to
participant laboratories).  Laboratories were required to report deviations from the study schedule
to SCC immediately for approval.  

(3) Laboratories were required to conduct tests within the physical and chemical water quality ranges
specified in the study plan, the SOW, specific instructions, and the methods manuals. Method-
specific instructions for any adjustments to the test samples prior to sample use (such as
reconstitution of ampule samples or salinity adjustments) were provided to the testing laboratories
prior to test initiation.  Laboratories were required to refrigerate (at 4EC ± 2EC) test samples
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immediately upon receipt and throughout the period of testing.  Routine or continuous monitoring
of refrigeration temperature was recommended to ensure that these sample holding requirements
were met.

(4) Laboratories were required to measure test conditions (pH, conductivity or salinity, total
alkalinity, total hardness, and dissolved oxygen) in each test according to guidance in the WET
method manuals.

(5) Laboratories were required to use the dilution and control waters specified in Tables 7.1 - 7.12 
for each test method.  Laboratories were required to prepare these dilution waters according to
instructions in Section 7 of the method manuals.  For marine test methods, laboratories were
required to prepare dilution waters that meet the salinity ranges specified in Tables 7.6 - 7.12.

(6) Laboratories were required to conduct all tests as definitive tests with a control and a minimum of
five test concentrations prepared using a dilution factor of 0.5.

(7) Laboratories were required to conduct all tests using the number of replicates and number of test
containers per concentration as specified in Tables 7.1 - 7.12.

(8) For a given test method, laboratories were required to use the same type, size, shape, and material
for all test chambers.  The test chamber material used had to be allowed by the WET method
manuals.

(9) Laboratories were required to randomize test vessels in accordance with the WET method
manuals. In addition, block randomization and use of known parentage were required for the
Ceriodaphnia chronic test method as described in the method manual.  The Agency plans to
amend Method 1002.0 (Ceriodaphnia chronic test method) to require that test organisms be
allocated among test replicates so that offspring of each female are evenly distributed among test
replicates (�blocking by known parentage�).

(10)  While the method manual requires the termination of the Ceriodaphnia chronic test after the
production of three broods in 60% of the controls, laboratories were required to conduct the
Ceriodaphnia chronic test for eight days.  Laboratories were required to record the survival,
number of young per day, and number of broods at the end of Day 6, 7, and 8 (specifically, at 144
hours, at 168 hours, and at 192 hours, respectively, from test initiation).  This was done to assess
the effect of the three brood test acceptance criterion on test results.  No test was allowed to be
terminated prior to Day 8 for any reason, including a failure to meet test acceptance criteria. 
Laboratories were required to include the additional measurements on Days 6, 7, and 8 as raw
data in the final data report.  However, laboratories were required to analyze data from the
Ceriodaphnia chronic test using the three brood approach as specified in the method manual.  
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(11) Laboratories were required to conduct the Selenastrum chronic test simultaneously with and
without EDTA for each sample.  For laboratories participating in the base study design (refer to
Sections 2.2.3 and 3.5), four samples were tested with and without EDTA for a total of eight
analyses. 

(12) Laboratories were required to observe mortality and remove dead organisms in each test daily,
except for the Selenastrum chronic and Champia chronic test methods.  For the Ceriodaphnia
chronic test method, laboratories were required to count young daily and determine the number of
broods at each count.

(13)  Laboratories were required to contact SCC immediately if test results indicated extreme toxicity
(i.e., control mortalities, or complete mortality in all concentrations).  Laboratories were then
required to investigate possible causes, first by checking for transcription and calculation
mistakes, and then by investigating possible contamination in dilution waters, organism cultures,
equipment, or other procedural steps. 

(14) If any initiated test failed to be completed for any reason, the laboratory was required to contact
SCC immediately for problem resolution and scheduling of additional testing.  In this case,
laboratories were required to report the incomplete test data and fully document the reason for not
completing the test. 

(15) Laboratories were required to report all data obtained during the course of testing, including the
response of organisms in control treatments.

(16) Laboratories were required to perform all QA/QC tests listed in Section 4 of the WET method
manuals. Laboratories that purchased organisms were required to supply QA/QC from the test
organism supplier and follow WET method manuals for the appropriate QA/QC for purchasing
organisms.

(17) Laboratories were required to perform a reference toxicant QC test for each test method in the
month that interlaboratory testing occurred.  Results of this test had to be submitted with the final
data package.

(18) Laboratories were required to submit hard copies of all data from laboratory bench sheets and
statistical analyses, including but not limited to all bench sheets, raw data, sample tracking forms,
and chemical analysis data.  Laboratories also were required to submit data electronically
according to the electronic template (Microsoft Excel® spreadsheet) that was provided by SCC
prior to test initiation.

(19) Laboratories were required to analyze data in accordance with the statistical programs specified in
the WET method manuals.  Statistical methods and programs used had to be reported along with
sample calculations.
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(20) Laboratories were required to report a LC50 for each acute test.  A NOEC and LC50 for survival,
and a NOEC and IC25 for growth/reproduction were required as appropriate for each short-term
chronic test as described in the method manuals and Table 2.3 of this report.  Laboratories were
required to report individual toxicity results and were not allowed to average or perform other
data manipulations unless required by the WET method manual.

7.2 Method-Specific Requirements

EPA acknowledges that the promulgated WET methods distinguish between requirements (indicated by
the compulsory terms �must� and �shall�) and recommendations and guidance (indicated by discretionary
terms �should� and �may�). The latter terms indicate that the analyst has flexibility to optimize successful
test completion. Additionally, the WET method manuals allow variations of the methods that are typically
fixed in the permit; therefore, for the purposes of this study, a set of test condition variables were defined
by EPA (for example, dilution water, salinity, and acute test duration).  

The summary of test conditions for the 12 WET methods evaluated in the WET Variability Study are
provided in Tables 7.1 - 7.12.  These tables were extracted from the summary test condition tables in the
WET method manuals and modified to fit the scope of this study.  Items shown in bold italic in these
tables represent conditions standardized for the purposes of this study where WET method manuals
provide a range.  These test conditions were reiterated in participant laboratory SOPs (Appendix B).
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8.0  DATA REPORTING AND EVALUATION 

8.1 Report Submission

Within 30 days following the completion of interlaboratory testing for a given method, each laboratory was
required to submit a data report detailing the conduct and results of WET testing completed on each sample. 
Table 8.1 lists the report due dates and number of reports received for each test method.  Reports were received
for all samples from all participating laboratories with the exception of one participant laboratory (laboratory ID
#3) for the Ceriodaphnia chronic method.  Participant laboratory #3 received samples for the Ceriodaphnia
chronic method and initiated testing.  During testing of the final two of three samples received, an overnight
power failure caused the malfunction of water baths containing test chambers.  The malfunctioning water baths
over-heated test chambers, killing all test organisms (including controls) and terminating the test prematurely.
The laboratory was unable to retest within reasonable sample holding times, so all further testing of this method
was canceled at this laboratory.  The laboratory was non-EPA-sponsored, and the sponsor declined to reimburse
the laboratory for testing costs since all tests were not completed.  In turn, the laboratory declined to submit a
data report for this test method.  As a result, interlaboratory data for the Ceriodaphnia chronic method include
results from one referee laboratory and 34 of the 35 participant laboratories.  

According to the Participant Laboratory Statement of Work and SOP (see Appendix B), each data report was
required to consist of:  
� Narrative summary of testing - The narrative summary was intended to quickly and clearly identify

the laboratory, test method, samples tested, summarized test results, any problems associated with the
samples or conduct of the tests, any modifications from approved procedures, and any laboratory
comment on the performance of the method.

� Hardcopy results - This deliverable consisted of the items outlined in Table 8.2, all raw data
(biological and chemical), all laboratory benchsheets, all pertinent sample information including copies
of all completed EPA traffic report forms, and all pertinent quality assurance information including
results of the monthly QA/QC reference toxicant tests.

� Electronic results - Laboratories also were required to submit selected raw and summarized data
electronically using method-specific Microsoft Excel® spreadsheet templates that were provided to
participant laboratories by SCC.  Electronic data included general information, sample collection/receipt
information, test condition information, raw biological data, raw water quality data, and summarized
test results.  Electronic data submission facilitated automated review and statistical analysis of study
results.
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Table 8.1.  Report due dates.

Due date Test method Number of reports receiveda

11/12/99 Fathead chronic 28

12/02/99 Silverside chronic 11

12/03/99 Ceriodaphnia chronic 35

12/08/99 Fathead acute 30

12/13/99 Ceriodaphnia acute 29

12/13/99 Silverside acute 10

04/06/00 Mysidopsis chronic 12

04/17/00 Sheepshead acute 8

05/03/00 Selenastrum chronic 12

05/04/00 Sheepshead chronic 8
a The number of laboratory reports received includes participant and referee laboratories.  One referee laboratory report was received for
each method.

Table 8.2.  Data reporting elements.
Section 1 - Summary Page

1.1 Laboratory name
1.2 Laboratory address and phone number
1.3 Name and signature of laboratory QA Officer, certifying that data have been internally reviewed and that

personnel meticulously followed the methods, and the procedures are deemed to be compliant with the
methods and acceptable for reporting purposes

1.4 Laboratory contact responsible for study
1.5 Analyst(s) who performed WET tests (full name)
1.6 Toxicity tests performed
1.7 Detailed explanations of any difficulties encountered and any approved modifications to the techniques

specified in the SOW, specific instructions, or the methods manuals
1.8 Number of successful tests completed

Section 2 - Sample Information
2.1 Number of samples received and EPA sample number assigned to each sample
2.2 Dates of sample receipt
2.3 Sample temperature when received at laboratory
2.4 Physical and chemical data of sample contents (as required in appropriate method)
2.5 Dilution water

2.5.1 Source and time frame water is used or how maintained
2.5.2 Collection or preparation date(s), where applicable
2.5.3 Pretreatment information
2.5.4 Physical and chemical characteristics (pH, hardness, conductivity, salinity, etc.)

2.6 Sample storage information
2.7 Sample preparation for testing information
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Table 8.2.  Data reporting elements. (continued)

Section 3 - Test Conditions
3.1 Toxicity test method used (title, number, source)
3.2 Endpoint(s) of test(s)
3.3 Deviations from reference method(s), if any, and reason(s)
3.4 Date and time test(s) started, date and time samples were prepared and solutions transferred for renewals
3.5 Date and time test(s) terminated 
3.6 Type and volume of test chambers
3.7 Volume of solution used per chamber
3.8 Number of organisms per test chamber
3.9 Number of replicate test chambers per treatment
3.10 Feeding frequency and amount and type of food (be specific with sources, concentrations of foods (i.e., algae

concentration, YCT solids level, preparation dates)
3.11 Acclimation of test organisms (temperature mean and range and, where applicable, salinity mean and range)
3.12 Test temperature (mean and range)
3.13 Test salinity, where applicable (mean and range)
3.14 Specify if aeration was needed
3.15 Specify if organisms were dried immediately for weighing or preserved prior to drying
3.16 Specify how food was prepared and sources of food.  Include test results that validate the quality of batch

food preparations (i.e., Ceriodaphnia dubia tests on YCT preparation)
3.17 Describe how routine chemistries on new solutions were made (in actual test chamber or in beakers after

dispensing)
3.18 Describe how randomization was conducted, especially blocking and known parentage; report how brood

distinctions were made and male (if any) identification was made

Section 4 - Test Organisms
4.1 Scientific name of test species, verification of species documented
4.2 Age (life stage) of test species (be specific for all species); age at time of test initiation (for example, for C.

dubia be sure to clarify the window of age of the neonates as well as the overall age of the animals)
4.3 Mean length and weight (where applicable)
4.4 Source and QA/QC test conditions
4.5 Holding Conditions
4.6 Diseases and treatment (where applicable)
4.7 Taxonomic key used for species identification

Section 5 - Quality Assurance
5.1 Reference toxicant used routinely; source; date received; lot number
5.2 Date and time of most recent reference toxicant test; test results and current control (cusum) chart including

20 most recent data points
5.3 Dilution water used in reference toxicant tests (with characteristics provided)
5.4 Physical and chemical methods used
5.5 Reference toxicant results (NOEC, IC25, or LC50 where applicable, LOEC or EC50)

Section 6 - Results
6.1 Copies of all bench sheets. Be sure to count and note broods for reproduction test with Ceriodaphnia
6.2 Raw toxicity data in tabular form, including daily records of affected organisms in each replicate at each

concentration (including controls) and plots of toxicity data
6.3 Table of results (LC50, IC25, NOEC for each endpoint) and confidence limits (where applicable)
6.4 Statistical methods and software used to calculate results
6.5 Summary table of physical and chemical data



59

8.2 Data Review

8.2.1 Data Package Receipt and Gross Completeness Check

Data reports from all laboratories were submitted to SCC for review and verification of test results.  Upon
receipt, SCC personnel date-stamped data packages and performed an initial review to ensure that all required
information was provided.  Most laboratories reported results using their standard reporting formats rather than
the suggested format in Table 8.2.  This was acceptable provided that all pertinent information was included.  If
necessary information was not provided in the data report, SCC personnel contacted the laboratory and asked
them to supply the additional information.

8.2.2 Data Accuracy and Quality Check

Following initial review of data packages for completeness, SCC personnel performed a detailed review of data
reports to ensure that data were accurate and generated in accordance with the required procedures.  The
following review steps were completed for each data report:

� Cross reference of raw data - Raw data on submitted electronic benchsheets were compared to
hardcopy laboratory benchsheets to ensure that no transcription or data entry errors occurred.  Every
entry of biological raw data (including individual replicate values of daily survival, daily reproduction,
and weight) was cross-referenced against hardcopy benchsheets to ensure accuracy.  Sample collection,
test condition, and water quality raw data entered on electronic benchsheets were spot-checked against
hardcopy benchsheets.  If errors were found during the spot-check, more intensive review was initiated. 
All data fields that triggered automated data qualifier flags in the electronic benchsheet were also
individually compared to hardcopy benchsheets to ensure accuracy.  When errors or inconsistencies
were identified, the electronic benchsheet was corrected to match the hardcopy laboratory benchsheets.

� Narrative summary and hardcopy report review - SCC reviewed the narrative summary and
hardcopy report to ensure that tests were conducted in accordance with the WET method manuals, the
WET Variability Study plan, and guidance provided in method-specific SOPs.  If any deviations from
the required or recommended procedures were identified, SCC data reviewers verified that those
deviations were captured by automated or manual data qualifier flags in the electronic benchsheet. 

� Data qualifier flags - The electronic benchsheets for each method were programmed to automatically
identify and flag deviations in test conditions, sample holding times, sample temperatures, test
acceptability criteria, or test water quality.  For all flags that were automatically identified, SCC
evaluated the electronic benchsheet and hardcopy report to ensure that the flag was warranted. 
Additional parameters, test conditions, and comments that were unable to be programmed for automated
review were checked and flagged manually if necessary.  Table 8.3 lists and describes the categories of
data qualifier flags used in the WET Variability Study.

Tests that were flagged for a failure to meet test acceptability criteria (flags a1, a2, a3, a4, a6, and a7) were
considered invalid and were not included in the analysis of method performance (see Section 9.1.1). 
The large number of other flags (b1 - g12) described in Table 8.3 and identified for particular tests in
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Section 9, emphasizes the extensive nature of test review rather than deficiencies in test conduct or
quality control.  While the presence of these flags may indicate a deviation from optimal test conditions,
their presence alone was not used to invalidate and exclude test data from the analysis of method
performance.  Rather, these flags were used to identify potential causes for aberrant test results and to
support inclusion or exclusion of data in outlier analyses (see Section 9.1.4). 

� Reference toxicant test review - Laboratories were required to conduct a reference toxicant test within
the month of testing for the WET Variability Study and provide the test results and current control chart
with the data report.  SCC data review staff verified that a reference toxicant test was conducted during
the required time frame and reviewed the laboratory�s control chart to ensure that the current test result
fell within the control chart limits (2 standard deviations for point estimates and 1 concentration interval
for hypothesis testing results).  If the reference toxicant test fell outside of the control chart limits or was
not conducted during the required time frame, a data qualifier flag for reference toxicant testing was
associated (in the results database) with all test results from this laboratory for the given method.

Table 8.3.  Test data qualifier flags.

Flag code Flag Description

Test acceptability

a1 Survival of control organisms failed to meet the minimum test acceptability criteria for the method.

a2
Growth of control organisms (measured as the mean weight of surviving control organisms) failed to meet the
minimum test acceptability criteria for the method.

a3
Reproduction of control organisms in the Ceriodaphnia chronic test failed to meet the minimum test acceptability
criteria requiring that 60% of surviving control organisms have 3 broods prior to test termination at 8 days.

a4
Mean reproduction of surviving control organisms in the Ceriodaphnia chronic test failed to meet the minimum test
acceptability criteria of 15 neonates.

a5
Fecundity endpoints were not generated because less than 50% of control females in the Mysidopsis chronic test
produced eggs.

a6
Mean algal growth of control organisms in the Selenastrum chronic test did not meet the minimum test acceptability
criteria requiring a mean cell density of 1x106 cells/mL with EDTA or 2x105 cells/mL without EDTA.

a7
Algal growth variability between control replicates in the Selenastrum chronic test did not meet the minimum test
acceptability criteria requiring less than 20% variability (measured as % CV).

Sample Receipt

b1 Sample temperature was >4°C upon arrival at the participant lab.

b2 Sample was >36 hr old at the time of test initiation.

b3 Sample was >72 hr old at the time of test initiation.

b4 Sample was aerated upon receipt due to over saturation of dissolved oxygen.

b5
Sample was inadvertently delivered to and opened by a laboratory not involved in the study.  The sample was quickly
rerouted to the correct laboratory and tests were initiated on time.
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Table 8.3.  Test data qualifier flags (continued) 

Flag code Flag Description

Dilution Water

c1 Dilution water used for the test was different from that required in the study.

c2 Alkalinity of dilution water was >10% outside of recommended ranges for moderately hard synthetic water.

c3 Hardness of dilution water was >10% outside of recommended ranges for moderately hard synthetic water.

c4 pH of dilution water was >10% outside of recommended ranges for moderately hard synthetic water.

c5 Salinity of dilution water was outside of the range required in the study.

Water Quality

d1 Temperature of one or more test concentrations was outside of range required in the study.

d2 Dissolved oxygen (DO) was less than 4 mg/L in one or more test concentrations.

d3 Aeration was not provided in test when DO was <4 mg/L.

d4 pH was <6 or >9 in one or more test concentrations.

d5 Salinity of one or more test concentrations was outside of the range required in the study.

d6 Salinity was adjusted during the test to compensate for evaporation due to test aeration.

d7 Total ammonia was >5 mg/L in one or more test concentrations.

Test Conditions

e1
Number of organisms per test container differed from the required number of organisms due to accidental loss of one
or more test organisms.

e2 Test chamber size was different from that required in the study.

e3 Test solution volume in test containers was outside of the range required in the study.

e4 Test renewals were conducted more than 2 hours outside of the required time for test renewal.

e5 Feeding schedule used during the test differed from feeding schedule recommended in the method manuals.

e6 Test termination was conducted more than 2 hours prior to proper test termination time.

e7
Dilution series used for testing was 12.5, 25, 50, 75, and 100% instead of the standard dilution series required in the
study (6.25, 12.5, 25, 50, and 100%).

e8 Lighting cycle was interrupted for 2 hours during power outage.

e9 Continuous shaking rate of 100 cpm was not used.

e10 Initial cell density average was more than 10% outside of required 10,000 cell/mL inoculation level.

e11 Initial cell density variability among replicates was greater than a CV of 10%.

Organisms

f1 Age of organism was outside of range required in the study.

f2 Organism culture contaminated with rotifers.

f3 Organism culture crashed just prior to testing.

f4 Males were identified in the test.

f5 Organisms were cultured at 20°C and directly transferred to test temperature of 25°C.
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Flag code Flag Description
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Quality control

g1
Reference toxicant test conducted during the month of study testing was outside of the 2 standard deviation control
chart limits or the test was not conducted.

g2
Percent minimum significant difference (PMSD) was greater than the recommended criteria for this method
(USEPA, 2000d).

g3 ASTM h statistic for this test was greater than the recommended criteria, indicating that this test may be an outlier.

g4 ASTM k statistic for this test was greater than the recommended criteria, indicating that this test may be an outlier.

g5

Interrupted concentration - response relationship was observed (i.e., a test concentration was determined to be
significantly different from the control, while one or more higher test concentrations were not significantly different
from the control).

g6 One or multiple test replicates were lost due to laboratory error.

g7
Two cell count methods were used.  Test failed test acceptability criteria for growth using coulter counter method, but
passed test acceptability criteria for growth using Hemacytometer method.

g8 Test was repeated due to laboratory error.  Initial test was incorrectly terminated at 48 hours.

g9 Test was repeated due to laboratory error.  Initial test was incorrectly renewed with the wrong sample. 

g10 Two sets of controls were conducted for this test, and one did not meet test acceptability criteria for reproduction.

g11 Cell density was measured using turbidity technique instead of cell counts.

g12 Referee laboratory test repeated.  Initial test failed test acceptability criteria for survival.

8.2.3 Effect Concentration Recalculation and Verification

To confirm that test results were calculated correctly and according to WET method manual requirements for
statistical data analysis, all test results were recalculated by SCC using reviewed raw data from the electronic
benchsheets.  SCC conducted statistical analysis of WET test data using ToxCalc version 5.0 (Tidepool
Scientific, 1996).  Biological test data were electronically copied from electronic benchsheets directly into the
ToxCalc software to avoid additional data transcription or data entry errors.  Statistical methods for analysis
were selected according to the WET method manuals using the EPA flowchart option in the ToxCalc software. 
Test results for the endpoints listed in Table 2.3 were calculated for the respective test methods.  Any error
messages that were produced by the software were noted and evaluated to ensure that the software defaulted to
the correct alternate statistical method.  

As part of the effect concentration recalculation and verification process, SCC reviewed the concentration-
response curve generated for each sample and endpoint.  SCC reported test results for each sample in
accordance with EPA�s guidance on the evaluation of concentration-response relationships (USEPA, 2000a). 
When SCC observed unexpected concentration-response patterns, EPA�s guidance (USEPA, 2000a) was
followed for determining whether the derived effect concentration was reliable and should be reported, the
effect concentration was anomalous and should be explained, or the test was inconclusive and the sample should
be retested.  When EPA�s concentration-response relationship guidance recommended retesting of a sample,
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SCC reported the result for this sample as inconclusive.  Table 8.4 lists the samples that produced unexpected
concentration-response curves and were affected by the concentration-response guidance.  

After test results were recalculated by SCC, these results were compared to results as reported by the participant
laboratory.  If recalculated and laboratory-reported results differed, the summarized test data and statistical
analyses used for calculation were reviewed to isolate the source of the deviation. Following recalculation and
review, test results were incorporated into a results database for the WET Variability Study.  

Table 8.4.  Sample results affected by EPA guidance on concentration-response relationships (USEPA,
2000a).

Method Sample
code

Concentration
-response
pattern

observeda

Effect on reported test result

Ceriodaphnia
chronic

9328 4
Reproduction NOEC and IC25 were reported as inconclusive since test
percent minimum significant difference (PMSD) was greater than
recommended criterion

9332 4
Calculated IC25 was determined to be anomalous due to ICp smoothing;
IC25 was adjusted to >100% since mean response in the 100% treatment
was within 25% of control mean

9333 5
6.25% treatment was determined to be anomalous and reproduction
NOEC was reported as highest concentration not significantly different
from control

9341 5
6.25% and 12.5% treatments were determined to be anomalous and
reproduction NOEC was reported as highest concentration not
significantly different from control

9343 6 Reproduction NOEC was reported as concentration below the LOEC

9379 5 6.25% treatment was determined to be anomalous and survival NOEC was
reported as highest concentration not significantly different from control

9380 6 Survival NOEC was reported as inconclusive since test PMSD was greater
than recommended criterion

9392 6 Reproduction NOEC was reported as concentration below the LOEC

9408 4
Calculated IC25 was determined to be anomalous due to ICp smoothing;
IC25 was adjusted to >100% since mean response in the 100% treatment
was within 25% of control mean

9415 5 Survival NOEC was reported as inconclusive since test PMSD was greater
than recommended criterion

Fathead
chronic

9122 5 6.25% treatment was determined to be anomalous and growth NOEC was
reported as highest concentration not significantly different from control

9129 6 Growth NOEC was reported as concentration below the LOEC

9145 5 25% treatment was determined to be anomalous and survival NOEC was
reported as highest concentration not significantly different from control

9161 6 Growth NOEC was reported as concentration below the LOEC

9168 5 6.25% treatment was determined to be anomalous and growth NOEC was
reported as highest concentration not significantly different from control

9193 6 Growth NOEC was reported as concentration below the LOEC
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Table 8.4.  Sample results affected by EPA guidance on concentration-response relationships (USEPA,
2000a). (continued)

Method Sample
code

Concentration
-response
pattern

observeda

Effect on reported test result

Fathead
chronic

(continued)

9194 6 Growth NOEC was reported as concentration below the LOEC

9209 5 Growth NOEC was reported as inconclusive since test PMSD was greater
than recommended criterion

9212 6 Survival and growth NOECs were reported as concentration below the
LOEC

Selenastrum
chronic

9454 
(w/o EDTA) 4 Growth NOEC, IC25, and IC50 were reported as inconclusive since test

PMSD was greater than recommended criterion

9455 
(w/ EDTA) 4

Growth NOEC, IC25, and IC50 were reported as inconclusive since
control response was marginal and below laboratory�s normal range of
control performance

9455 
(w/o EDTA 4

Calculated IC25 was determined to be anomalous due to ICp smoothing;
IC25 was adjusted to >100% since mean response in the 100% treatment
was within 25% of control mean

9468 
(w/ EDTA) 5 50% treatment was determined to be anomalous and growth NOEC was

reported as highest concentration not significantly different from control
9468 

(w/o EDTA) 5 Growth NOEC was reported as inconclusive since test PMSD was greater
than recommended criterion

9473 
(w/o EDTA) 5 Growth NOEC was reported as inconclusive since test PMSD was greater

than recommended criterion

Mysidopsis
chronic

9682 5
12.5% treatment was determined to be anomalous and fecundity NOEC
was reported as highest concentration not significantly different from
control

9694 5
12.5% treatment was determined to be anomalous and fecundity NOEC
was reported as highest concentration not significantly different from
control

9696 5 12.5% treatment was determined to be anomalous and growth NOEC was
reported as highest concentration not significantly different from control

Silverside
chronic

9545 4 Growth NOEC and IC25 were reported as inconclusive since test PMSD
was greater than recommended criterion

9556 5 12.5% treatment was determined to be anomalous and growth NOEC was
reported as highest concentration not significantly different from control

a Concentration-response patterns are numbered as identified in Chapter 4 of USEPA, 2000a.
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9.0  RESULTS

9.1 Analysis of Results

SCC personnel entered recalculated and verified test results for each sample tested into a results database along
with associated data qualifier flags, sample information, and summary test information (e.g., control mean,
control CV, test minimum significant difference, etc.).  Information in the results database was used to evaluate
the test completion rate, false positive rate, and precision for each test method.  All calculated test results
presented in this section were rounded to three significant figures for consistency.  A formal analysis of
measurement error for each data type was not conducted; however, three significant figures is believed to be
consistent with most WET test measurements (e.g., test concentrations, weights, counts).  Summary statistics
presented in this section (e.g., mean, standard deviation, CV) were calculated from test results prior to rounding
(so summary statistics of rounded results may differ slightly).  

9.1.1 Valid Tests

Only valid tests were used in the determination of false positive rates and precision.  A valid test was defined as
a test that met the required test acceptability criteria for the method as stated in the WET method manuals. 
Tests that deviated from specified test conditions were identified with data qualifier flags (see Section 8.2.2) but
were not excluded as invalid tests.  The WET method manuals state that tests that deviate from specified test
conditions may be conditionally acceptable depending on the degree of the departure and the objectives of the
test.  Based on the study objectives of assessing the performance of WET test methods, these tests were included
in the analysis of false positive rates and precision unless the combined results of test review (see Section 8.2)
and outlier analysis (see Section 9.1.4) indicated that the test condition deviations significantly affected test
results. 

When EPA guidance on the evaluation of concentration-response relationships (USEPA, 2000a) recommended
retesting of a sample, the test result in question was identified as inconclusive and was not included in the
analysis of false positive rates and precision for the methods.  Also, test results from referee laboratories were
excluded from determinations of successful test completion rates, false positive rates, and precision for the
methods.  While referee laboratory testing was conducted similarly to and simultaneously with participant
laboratory testing, the identity of samples was not blinded to the referee laboratory.  Appendix F summarizes
study results when referee laboratory data are included in the analysis of successful test completion rates, false
positive rates, and precision.

9.1.2 Successful Test Completion Rate

The successful test completion rate was calculated independently for each test method as the percentage of
initiated and properly terminated tests that met the test acceptability criteria as specified in the WET method
manuals.  Participant laboratories that failed to complete tests due to reasons unrelated to the test methods
themselves (i.e., laboratory error) were not included in the test completion rate calculations or statistical
analyses.  This occurred for only four samples (9586, 9587, 9589, and 9618).  In three cases a 96-hour test was
incorrectly terminated at 48 hours, and in one case the test was renewed using the wrong sample.  In each case,
the referee laboratory sent a new sample aliquot from the original bulk sample preparation for retesting at the
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participant laboratory.  Results from the repeated tests are presented in this report and were used in the
determination of successful test completion rates, false positive rates, and precision.   

9.1.3 False Positive Rate

The false positive rate was calculated independently for each test method and for each endpoint and effect
concentration reported (LC50, survival NOEC, IC25 for growth, IC25 for reproduction, NOEC for growth, and
NOEC for reproduction).  The false positive rate was determined as the rate at which test results indicated
toxicity (i.e., a calculated effect concentration <100% sample) in blank samples, and was calculated as:

Number of valid tests indicating toxicity in blank samples
Total number of valid tests conducted on blank samples

100%×

9.1.4 Precision

Precision estimates were generated independently for each test method, point estimate, and sample type tested
(except for the blank sample type).  For sample types that were tested using within-laboratory replication,
estimates were provided for within-laboratory precision (based on the within-laboratory variance component),
between-laboratory precision (based on the between-laboratory variance component), and total precision (based
on the total variance).  For sample types that were not tested using within-laboratory replication, a single
precision estimate was generated based on the total variance.

When test results were calculated as outside of the test concentration range (i.e., >100% or <6.25%), these
censored values were set to the limits of the test concentration range for the purposes of calculating summary
statistics and estimating precision.  Censored values of >100% were set to 100%, and censored values of 
<6.25% were set to 6.25%.  Censored IC25 values of >12.5%, >25%, and >50% also were possible for the
Mysidopsis chronic fecundity endpoint.  These censored values were set to 12.5%, 25%, and 50%, respectively. 
A large proportion of censored values (e.g., >100% or <6.25%) within a data set, was evidence that the sample
type failed to produce toxicity that could be definitively measured within the test concentration range.  Because
the study was designed to characterize the precision WET methods within their measurement range, precision
estimates were not calculated for sample types that failed to produce toxicity that could be definitively measured
within the test concentration range.  As a result, precision estimates were not calculated for the blank sample
type for all test methods, the reference toxicant sample type for the Ceriodaphnia chronic and silverside acute
test methods (see Section 5.3), and all sample types for the Mysidopsis chronic fecundity endpoint. 

Only participant laboratory results from valid tests (see Section 9.1.1) were included in the calculation of
precision estimates; invalid tests were excluded.  SCC conducted an outlier analysis of valid test results to
determine if any additional test results should be excluded from the analysis of precision.  SCC used the
calculation of ASTM�s h and k statistics (ASTM, 1997) to evaluate data consistency and identify potential
outliers.  ASTM h statistics were used to examine the consistency of test results from laboratory to laboratory. 
ASTM k statistics were used to examine the consistency of within-laboratory precision from laboratory to
laboratory.  For each test method, ASTM h statistics were calculated for each laboratory and each sample type
(except the blank sample type) using the equation below. 
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where, = a laboratory�s average test result for a given sample type (if the laboratory only tested onex
sample of a given sample type, that individual result was used)

= the average of individual laboratory averages x ( )x p
p

1
∑

p = number of laboratories testing a given sample type

For each test method, ASTM k statistics were calculated for each laboratory and each sample type (except the
blank sample type) using the equation below.  The k statistic was not calculable for laboratories that did not test
replicate samples of the same sample type.

k
s

s p
p

=

∑ 2
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where, ( ) ( )s x x n
n

= − −∑ 2

1
1

p = number of laboratories testing a given sample type
x = an individual test result

= a laboratory�s average test result for a given sample typex
n = number of test results for a given sample type from a single laboratory

For each test method and sample type (excluding the blank sample type), SCC compared the h and k statistics
calculated for each laboratory to critical values of h and k statistics at the recommended 0.5% significance level
(see ASTM, 1997 for table of critical values).  Test results from laboratories with a calculated h statistic above
the critical value were significantly different (at the 0.5% significance level) from results reported by other
laboratories for the same sample type.  These inconsistent test results were flagged (see Table 8.3) and identified
as potential outliers.  Laboratories with a calculated k statistic above the critical value experienced greater
within-laboratory variability than other laboratories testing the same sample type.  These inconsistent test results
also were flagged (see Table 8.3) for further investigation.  

Since estimates of coefficients of variation can be biased by extreme values and by small data sets, it was
important to closely investigate individual data points before discarding them as outliers.  An individual test
result was only discarded as an outlier if the laboratory was identified by ASTM h statistics as an outlier and a
reasonable cause for producing the aberrant result could be determined.  The data qualifier flags associated with
each test result were useful in this determination.  In general, a very conservative approach to excluding outliers
was taken.  Only 15 tests in the entire study of 698 tests were identified by ASTM h statistics as potential
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outliers.  Two of these tests were also flagged for extreme ASTM k statistics.  Of the 15 tests identified as
potential outliers, only 8 were excluded from precision estimates based on the determination of a cause for
inconsistent results.  Table 9.1 shows the test results that were identified as potential outliers and provides a
rationale for the inclusion or exclusion of these data points from precision estimates.  

Precision was estimated by the coefficient of variation (CV) for point estimates.  For NOEC values, precision
was simply described by the range and distribution of NOEC values and the percentage of values falling within
one concentration of the median (as described in the WET method manuals for evaluating routine reference
toxicant test results using NOECs).  The CV for point estimates was calculated as:

CV
S
X

= ×
2

100%

where,  S2 = variance (S = the standard deviation)

= mean of valid test results for a given method, endpoint, and sample typeX

For test methods and sample types that included within-laboratory replication (i.e., multiple tests on the same
sample type from a given laboratory), the variance identified in the above equation was obtained by maximum
likelihood estimation using the PROC MIXED procedure in SAS version 8 (SAS Institute, 2000).  This
procedure estimated the within-laboratory, between-laboratory, and total variance components.  Each of these
variance components were individually used to calculate within-laboratory, between-laboratory, and total CVs. 
The total CVs express the total interlaboratory variability of the results, including both within-laboratory and
between-laboratory components of variability.

For test methods and sample types that did not include within-laboratory replication, the variance identified in
the above equation was obtained by the following equation using the PROC MEANS procedure in SAS version
8 (SAS Institute, 2000).

S
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i

n
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1

1
1

=
−

−
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where, n = number of valid test results for a given method, endpoint, and sample type
Xi = individual result i (i ranging from 1 to n)
S2 =  variance of the n test results (S = the standard deviation)

= mean of the n test resultsX
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Table 9.1.  Test results identified as potential outliers by ASTM h statistics.

Test method Lab
ID

Sample
code Test endpoint Included/e

xcluded Rationale

Ceriodaphnia
chronic

42 9347 survival and
reproduction excluded

These duplicate samples were flagged for both h
and k statistics, indicating that the laboratory�s
mean test result was significantly different from
other laboratories and that within-lab variability
was also significantly higher for this laboratory;
this high within-lab variability could explain the
inconsistent mean test result from this laboratory 

42 9348 survival and
reproduction excluded

Fathead acute

62 9033 survival included
No data qualifier flags

62 9034 survival included

205 9065 survival included
Only data qualifier flag was for test chamber size

205 9066 survival included

Fathead
chronic

205 9177 growth included No data qualifier flags

125 9162 growth excluded

Dilution water quality was highly variable for this
laboratory.  For these two tests, dilution water
hardness at test initiation was 111 mg/L,
compared to the expected hardness range of 80-
100 mg/L for moderately hard reconstituted
water.  For the remaining two fathead chronic
tests conducted in this laboratory, dilution water
alkalinity at test initiation was 45 mg/L, compared
to the expected alkalinity range of 60-70 mg/L. 

125 9163 growth excluded

Selenastrum
chronic

39
9468 
(w/

EDTA)
growth excluded

Cell growth was marginal and failed test
acceptability criteria when measured using coulter
counter; other flags included sample temperature,
test temperature, test pH, continuous shaking rate,
and interrupted concentration-response
relationship 

125
9476 
(w/o

EDTA)
growth excluded

Reference toxicant test was not conducted
concurrently with tests or within the month of
testing

Sheepshead
acute

425 9617 survival included

Data qualifier flags were observed for salinity of
30 ppt on test day 4 and for test termination at
93.7 hours (rather than 96); however, the data
point was included due to the small size of the
data set for this method (this result represented
14% of the data set)

101 9600 survival included No data qualifier flags

Silverside
chronic

421 9582 survival and
growth excluded

Reference toxicant test conducted concurrently
with samples was outside of control chart limits

421 9583 survival and
growth excluded
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9.2 Ceriodaphnia Acute Test Method Results

A total of 28 participant laboratories conducted the Ceriodaphnia acute test method in the WET Variability
Study.  These laboratories tested a total of 34 blank samples, 30 reference toxicant samples, 27 effluent samples,
and 13 receiving water samples.  For each sample tested, a 48-hour LC50 was generated as a test result.  Results
of Ceriodaphnia acute testing are shown in Tables 9.2 - 9.5 for each sample type.  

The sample distribution scheme used for the Ceriodaphnia acute test method was inadvertently altered from the
original study design (see Section 6.4) due to an error in sample distribution.  On the first week of testing, all
laboratories that were intended to receive blank samples were shipped reference toxicant samples, and all
laboratories that were intended to receive reference toxicant samples were shipped blank samples.  This error
was not identified prior to the second week of testing, so shipments during the second week were conducted as
planned.  This caused some laboratories to receive three blank samples and no reference toxicant samples and
other laboratories to receive three reference toxicant samples and no blank samples.  This sample distribution
error should not affect the evaluation of the Ceriodaphnia acute test method.

9.2.1 Successful Test Completion Rate

A total of 104 Ceriodaphnia acute tests were initiated by 28 participant laboratories.  All 104 tests were
completed; however, tests conducted on five samples (9232, 9222, 9233, 9234, and 9231) were invalid due to
failure to meet test acceptability criteria for survival.  The resulting successful test completion rate calculated in
the WET Variability Study for the Ceriodaphnia acute test method was 95.2%.  Four of the five invalid tests
were conducted in a single laboratory (Lab 29).  This laboratory failed to properly culture test organisms at the
test temperature of 25°C.  The laboratory transferred organisms cultured at 20°C to the test temperature of 25°C,
causing significant mortality in all test treatments and failure of test acceptability criteria. 
 
9.2.2 False Positive Rate

A total of 33 valid tests were completed on blank samples by 14 participant laboratories (Table 9.2).  The LC50
calculated for all 33 blank samples was >100%, indicating no toxicity and no false positives.  The resulting false
positive rate calculated in the WET Variability Study for the Ceriodaphnia acute test method was 0.00%.

9.2.3 Precision

Precision of the Ceriodaphnia acute test method was estimated by calculating the CV of LC50 values obtained
for the reference toxicant, effluent, and receiving water samples.  Within-laboratory, between-laboratory, and
total CVs were calculated for the reference toxicant and effluent samples.  Only a total CV was calculated for
the receiving water samples since no within-laboratory replication was provided for this sample type.  All valid
participant laboratory test data for the reference toxicant, effluent, and receiving water samples were used in
estimating precision.  No test results were identified by ASTM h statistics as possible outliers.

Table 9.6 summarizes the precision of point estimates from the Ceriodaphnia acute test method.  Within-
laboratory CVs ranged from 9.68% to 14.6%, between-laboratory CVs ranged from 15.2% to 32.8%, and total
CVs ranged from 21.1% to 34.2%.  Total CVs were lower for reference toxicant samples (21.1%) than for
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effluent (34.2%) or receiving water (31.8%) samples.  As expected, the majority of variability was due to the
between-laboratory component, with within-laboratory CVs averaging 12.1% and between-laboratory CVs
averaging 24.0%.  Averaging the CVs based on total variance for the three sample types, a total CV of 29.0%
was obtained for the Ceriodaphnia acute test method in the WET Variability Study.
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Table 9.2.  Results for Ceriodaphnia acute test method performed on blank samples.
Survival Information

LabID Sample code Test date
LC50

(% sample)
Control mean

(%)
Control CV 

(%)
Flagsa

29 9232 11/09/99 Invalidb 5.00 41.8 a1, e2, f5

6 9221 11/09/99 >100 100 0.00
18 9224 11/09/99 >100 100 0.00 d1, e2

18 9225 11/11/99 >100 100 0.00 d1, e2

18 9226 11/11/99 >100 100 0.00 d1, e2

33 9235 11/09/99 >100 100 0.00
33 9236 11/09/99 >100 100 0.00
33 9237 11/11/99 >100 100 0.00
46 9243 11/09/99 >100 100 0.00 c4, d4

46 9244 11/09/99 >100 100 0.00 c4, d4

46 9245 11/11/99 >100 100 0.00 c4

62 9250 11/09/99 >100 100 0.00
62 9251 11/09/99 >100 100 0.00
69 9254 11/09/99 >100 100 0.00
69 9255 11/09/99 >100 100 0.00
70 9258 11/09/99 >100 100 0.00 c2

70 9259 11/09/99 >100 90.0 11.2 c2

70 9260 11/11/99 >100 90.0 11.2 c2

73 9262 11/09/99 >100 100 0.00
73 9263 11/09/99 >100 100 0.00
73 9264 11/11/99 >100 100 0.00
105 9270 11/09/99 >100 100 0.00 g5

157 9283 11/09/99 >100 100 0.00
157 9284 11/09/99 >100 100 0.00
157 9285 11/11/99 >100 100 0.00 b1

251 9295 11/09/99 >100 100 0.00
251 9296 11/09/99 >100 100 0.00
311 9299 11/09/99 >100 100 0.00
311 9300 11/09/99 >100 100 0.00
417 9315 11/09/99 >100 100 0.00
417 9316 11/11/99 >100 100 0.00
452 9322 11/09/99 >100 100 0.00
452 9323 11/11/99 >100 95.0 9.26
452 9324 11/11/99 >100 95.0 9.26

Summary
Statistics

N 33
Min >100
Max >100

Median >100
Mean >100

False positives 0
False positive rate 0.00%

a Data qualifier flags are described in Table 8.3.
b Results from invalid tests were excluded from summary statistics.
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Table 9.3.  Results for Ceriodaphnia acute test method performed on reference toxicant samples.
Survival Information

LabID Sample code Test date
LC50

(% sample)
Control mean

(%)
Control CV 

(%)
Flagsa

Referee 9307 11/09/99 40.6b 100 0.00
Referee 9310 11/11/99 34.4b 100 0.00

3 9217 11/09/99 31.9 100 0.00 b4

3 9218 11/09/99 27.6 100 0.00
3 9219 11/11/99 18.3 100 0.00 e1

25 9227 11/09/99 34.4 100 0.00 e3

25 9229 11/11/99 33.0 100 0.00 e3

25 9230 11/11/99 33.0 100 0.00 e3

42 9239 11/09/99 37.9 100 0.00
42 9241 11/11/99 35.4 100 0.00 b1

42 9242 11/11/99 50.0 100 0.00 b1

60 9246 11/09/99 17.1 100 0.00 c1, e3

101 9265 11/09/99 21.7 100 0.00 e2, e3

101 9267 11/11/99 25.9 100 0.00 e2, e3

101 9268 11/11/99 27.7 100 0.00 e2, e3

113 9273 11/09/99 35.4 100 0.00
113 9274 11/09/99 32.0 100 0.00
113 9275 11/11/99 35.4 90.0 18.7
125 9276 11/09/99 26.2 100 0.00
125 9279 11/11/99 24.8 100 0.00
141 9280 11/09/99 31.2 100 0.00 c2

141 9281 11/11/99 32.7 100 0.00 c2

141 9282 11/11/99 35.4 100 0.00 c2

205 9287 11/09/99 39.2 100 0.00 c1, c2, d1

238 9291 11/09/99 30.8 100 0.00 e2, e6

406 9303 11/09/99 31.8 100 0.00 c1

416 9311 11/09/99 34.2 100 0.00 c2, c3

416 9312 11/11/99 24.1 100 0.00 c2, c3

416 9313 11/11/99 26.8 100 0.00 c2, c3

425 9318 11/09/99 35.4 100 0.00 c1

425 9320 11/11/99 30.0 100 0.00 c1

425 9321 11/11/99 28.9 100 0.00 c1, g5

Summary
Statistics

N 30
Min 17.1
Max 50.0

Median 31.8
Mean 30.9

Within-lab
STD 4.52
CV% 14.6%

Between-lab
STD 4.70
CV% 15.2%

Total
STD 6.52
CV% 21.1%

a Data qualifier flags are described in Table 8.3.
b Results from the referee laboratory were excluded from summary statistics.
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Table 9.4.  Results for Ceriodaphnia acute test method performed on effluent samples.
Survival Information

LabID Sample code Test date
LC50

(% sample)
Control mean

(%)
Control CV 

(%)
Flagsa

Referee 9309 11/11/99 24.6b 100 0.00
6 9222 11/11/99 Invalidc 40.0 59.5 a1

29 9233 11/11/99 Invalidc 0.00 0.00 a1, d1, e2, f5

29 9234 11/11/99 Invalidc 0.00 0.00 a1, d1, e2, f5

6 9223 11/11/99 9.99 100 0.00
33 9238 11/11/99 13.0 100 0.00
60 9248 11/11/99 13.2 95.0 9.26 c1, e3

60 9249 11/11/99 10.3 95.0 9.26 c1, e3

62 9252 11/11/99 28.2 90.0 18.7
62 9253 11/11/99 26.8 100 0.00
69 9256 11/11/99 27.7 100 0.00
69 9257 11/11/99 33.0 100 0.00
70 9261 11/11/99 21.2 90.0 11.2 c2

105 9271 11/11/99 23.6 100 0.00
105 9272 11/11/99 23.1 100 0.00
125 9278 11/11/99 20.3 100 0.00
157 9286 11/11/99 35.4 100 0.00 b1

205 9289 11/11/99 36.6 100 0.00 b1, b4, c1, c2, d1

205 9290 11/11/99 30.8 100 0.00 b1, b4, c1, c2, d1

238 9293 11/11/99 16.9 100 0.00 e2

238 9294 11/11/99 16.5 100 0.00 e2

251 9297 11/11/99 17.1 100 0.00
251 9298 11/11/99 19.5 100 0.00
311 9301 11/11/99 24.1 100 0.00
311 9302 11/11/99 21.8 100 0.00
406 9305 11/11/99 27.7 100 0.00 b1, c1, c2

406 9306 11/11/99 27.0 100 0.00 c1, c2

417 9317 11/11/99 15.0 100 0.00

Summary
Statistics

N 24
Min 9.99
Max 36.6

Median 22.4
Mean 22.5

Within-lab
STD 2.17
CV% 9.68%

Between-lab
STD 7.36
CV% 32.8%

Total
STD 7.68
CV% 34.2%

a Data qualifier flags are described in Table 8.3.
b Results from the referee laboratory were excluded from summary statistics.
c Results from invalid tests were excluded from summary statistics.
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Table 9.5.  Results for Ceriodaphnia acute test method performed on receiving water samples.
Survival Information

LabID Sample code Test date
LC50

(% sample)
Control mean

(%)
Control CV

(%)
Flagsa

Referee 9308 11/9/99 30.8b 100 0.00 d1

29 9231 11/9/99 Invalidc 5.00 41.8 a1, e2, f5

6 9220 11/9/99 20.8 100 0.00
25 9228 11/9/99 34.2 100 0.00 e3

42 9240 11/9/99 26.8 100 0.00
60 9247 11/9/99 16.5 100 0.00 c1, e3

101 9266 11/9/99 21.5 100 0.00 e2, e3

105 9269 11/9/99 11.1 100 0.00
125 9277 11/9/99 33.2 90.0 11.2
205 9288 11/9/99 34.2 100 0.00 b1, b4, c1, c2, d1

238 9292 11/9/99 23.3 100 0.00 e2, e6

406 9304 11/9/99 19.9 100 0.00 c1

417 9314 11/9/99 20.4 100 0.00
425 9319 11/9/99 17.7 100 0.00 c1

Summary
Statistics

N 12
Min 11.1
Max 34.2

Median 21.2
Mean 23.3
STD 7.40
CV% 31.8%

a Data qualifier flags are described in Table 8.3.
b Results from the referee laboratory were excluded from summary statistics.
c Results from invalid tests were excluded from summary statistics.

Table 9.6.  Precision of point estimates from the Ceriodaphnia acute test method.

Sample type
CV (%)

Within-laba Between-laba Total

Reference toxicant 14.6 15.2 21.1

Effluent 9.68 32.8 34.2

Receiving water - - 31.8

Average 12.1 24.0 29.0
a Within and between-laboratory components of variability were not calculated for the receiving water sample type since no within-
laboratory replication was provided for this sample type.
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9.3 Ceriodaphnia Chronic Test Method Results

A total of 35 participant laboratories conducted the Ceriodaphnia chronic test method in the WET Variability
Study.  One of the participant laboratories did not submit a data report (see Section 8.1), so summarized results
are based on 34 participant laboratories.  These laboratories tested a total of 34 blank samples, 48 reference
toxicant samples, 27 effluent samples, and 13 receiving water samples.  For each sample tested, a survival
NOEC, a reproduction NOEC, a survival LC50, and a reproduction IC25 were generated as test results.  While
all Ceriodaphnia chronic tests performed in the WET Variability Study were conducted for eight days, results
presented in this section were determined using the current WET method manual criterion for test termination. 
This criterion states that tests should be terminated when 60% of the surviving control females have produced
their third brood, or at the end of 8 days, whichever occurs first.  As described in the WET method manual,
reproduction was measured as the total number of young produced per original female at the time of appropriate
test termination.  Organisms positively identified as males were excluded from the reproduction analysis.  Also,
test concentrations above the survival NOEC were excluded from hypothesis testing conducted on the
reproduction endpoint.  Results of Ceriodaphnia chronic testing are shown in Tables 9.7 - 9.10 for each sample
type.  

Precision estimates were not calculated for the reference toxicant sample type because this sample type failed to
produce toxicity that could be definitively measured within the test concentration range.  For the reference
toxicant sample, 97.3% of LC50s were >100% sample; 72.2% of IC25s were >100% sample.  This was caused
by a reference toxicant sample that was only moderately toxic.  The spiking concentration of KCl for this
sample was selected to achieve an IC25 of approximately 50% sample based on preliminary testing.  Despite
preliminary testing efforts, the spiking level selected was insufficient to produce this targeted level of effect (see
Section 5.3).

9.3.1 Successful Test Completion Rate

A total of 122 Ceriodaphnia chronic tests were initiated by 34 participant laboratories.  All 122 tests were
completed; however, tests conducted on 22 samples were invalid due to failure to meet test acceptability criteria
for survival or reproduction.  The resulting successful test completion rate calculated in the WET Variability
Study for the Ceriodaphnia chronic test method was 82.0%.  In addition, the reproduction results for sample
9328 and the survival NOEC results for samples 9415 and 9380 were reported as inconclusive based on an
evaluation of the concentration-response relationship (see Table 8.4).  If these tests are considered unsuccessful
in addition to invalid tests (since the test would be repeated in a regulatory context if the test endpoint required
in the permit produced an inconclusive result), the successful test completion rate becomes 79.5%.

Of the 34 participant laboratories, 24 produced valid results for all samples tested.  The 22 invalid tests were
concentrated in the remaining 10 laboratories.  Of these 10 laboratories, 8 laboratories performed invalid tests
on 50% or more of the samples tested.  Two laboratories performed invalid tests on all samples tested.  This
attributed to the relatively low successful test completion rate achieved for the Ceriodaphnia chronic test
method in the WET Variability Study. 
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9.3.2 False Positive Rate

A total of 27 valid tests were conducted on blank samples by 22 participant laboratories (Table 9.7).  No false
positives were observed for the survival endpoint.  The survival NOEC was 100% for all 27 blank samples, and
the LC50 was >100% for all 27 blank samples.  One false positive was observed for sublethal endpoints. The
reproduction NOEC for sample 9450 was 25%, and the reproduction IC25 for this sample was 15.9%.  The
resulting false positive rate calculated in the WET Variability Study for the Ceriodaphnia chronic test method
was 3.70% for the reproduction endpoint.  The one false positive that was observed for this method originated
from a laboratory that failed all other Ceriodaphnia chronic tests conducted. 

In addition to the false positive reported above, a participant laboratory reported a reproduction IC25 of less
than 100% for sample 9332, indicating a false positive result.  Based on EPA guidance for evaluating
concentration-response relationships (USEPA, 2000a), this value was determined to be an anomalous result of
the ICp (percentage inhibition concentration) smoothing procedure, and the IC25 was corrected to >100%
(Table 8.4).  A participant laboratory also reported a survival NOEC and reproduction NOEC of less than 100%
for sample 9379, indicating a false positive result.  This sample exhibited an interrupted concentration-response
curve, and based on EPA guidance for evaluating concentration-response relationships, the survival NOEC and
growth NOEC were recalculated and reported as 100% (Table 8.4).  Sample 9341 also produced an interrupted
concentration-response curve, but the reproduction NOEC was similarly recalculated and reported as 100%
(Table 8.4).

9.3.3 Precision

Precision of the Ceriodaphnia chronic test method was estimated by calculating the CV of LC50 and IC25
values obtained for the effluent and receiving water samples.  CVs were not calculated for the reference toxicant
sample type because this sample type failed to produce toxicity that could be definitively measured within the
test concentration range (see Sections 5.3 and 9.1.4).  For the effluent sample type, within-laboratory, between-
laboratory, and total CVs were calculated.  Only a total CV was calculated for the receiving water samples since
no within-laboratory replication was provided for this sample type.  Survival and reproduction results from
samples 9347 and 9348 were excluded from the analysis of precision.  These test samples were identified by
ASTM h statistics as possible outliers, and review of data qualifier flags revealed a possible cause (Table 9.1). 

Table 9.11 summarizes the precision of point estimates from the Ceriodaphnia chronic test method.  Within-
laboratory and between-laboratory CVs for LC50 values were 7.09% and 21.8%, respectively.  Total CVs
ranged from 20.0% for the receiving water sample type to 23.0% for the effluent sample type.  Averaging the
CVs based on total variance for these two sample types, a total CV of 21.5% was obtained for the Ceriodaphnia
chronic survival endpoint.

CVs for IC25 values were higher than those for LC50 values.  Within-laboratory CVs for the IC25 were 17.4%,
between-laboratory CVs were 27.6%, and total CVs ranged from 32.6% to 37.4%.  Averaging the CVs for the
IC25 based on total variance for the two sample types, a total CV of 35.0% was obtained for the Ceriodaphnia
chronic reproduction endpoint.
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The precision of NOEC values was determined by evaluating the range and distribution of NOEC values and the
percentage of values falling within and beyond one concentration from the median.  Table 9.12 describes the
precision of NOEC values for the Ceriodaphnia chronic method.  For the survival endpoint, NOEC values
spanned two concentrations for the receiving water sample types and three concentrations for the reference
toxicant and effluent sample types.  The percentage of values within one concentration of the median was
97.2%, 91.3%, and 100% for the reference toxicant, effluent, and receiving water sample types, respectively.  

Reproduction NOEC values were less precise for the reference toxicant sample type, spanning five
concentrations, but were comparable for the effluent and receiving water sample types, spanning three and two
concentrations, respectively.  The percentage of values within one concentration of the median was 83.3%,
100%, and 100% for the reference toxicant, effluent, and receiving water sample types, respectively.  Of the
eight results (for samples 9342, 9343, 9360, 9392, 9397, 9415, 9361, and 9362) that were beyond one
concentration from the median, three (samples 9343, 9392, and 9415) were the result of interrupted
concentration-response curves.  Three results that were beyond one concentration from the median were from
very statistically sensitive tests, with percent minimum significant differences (PMSDs) below EPA�s
recommended lower bound of 11% (USEPA, 2000d).  The PMSDs for these three samples (9360, 9361, and
9362) were 8.7%, 8.1%, and 9.2%, respectively.
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9.4 Fathead Acute Test Method Results

A total of 29 participant laboratories conducted the fathead acute test method in the WET Variability Study. 
These laboratories tested a total of 27 blank samples, 38 reference toxicant samples, 29 effluent samples, and 13
receiving water samples.  For each sample tested, a 96-hour LC50 was generated as a test result.  Results of
fathead acute testing are shown in Tables 9.13 - 9.16 for each sample type.  

9.4.1 Successful Test Completion Rate

A total of 107 fathead acute tests were initiated by 29 participant laboratories.  All 107 tests were completed and
met test acceptability criteria.  The resulting successful test completion rate calculated in the WET Variability
Study for the fathead acute test method was 100%.  Two tests conducted by the referee laboratory were invalid
due to control survival of 65%.  These two tests were initiated on the same day, so poor health of organisms
used for testing on that day is a likely cause. 

9.4.2 False Positive Rate

A total of 27 blank samples were analyzed by 22 participant laboratories (Table 9.13).  The LC50 calculated for
all 27 blank samples was >100%, indicating no toxicity and no false positives.  The resulting false positive rate
calculated in the WET Variability Study for the fathead acute test method was 0.00%. 

9.4.3 Precision

Precision of the fathead acute test method was estimated by calculating the CV of LC50 values obtained for the
reference toxicant, effluent, and receiving water samples.  Within-laboratory, between-laboratory, and total CVs
were calculated for the reference toxicant and effluent samples.  Only a total CV was calculated for the
receiving water samples since no within-laboratory replication was provided for this sample type.  All
participant laboratory test data for the reference toxicant, effluent, and receiving water samples were used in
estimating precision.  While results on four test samples were identified by ASTM h statistics as possible
outliers, these results were not excluded from the analysis of precision since a reasonable cause for the outliers
could not be identified (Table 9.1).  

Table 9.17 summarizes the precision of point estimates from the fathead acute test method.  CVs were
consistent among sample types, with within-laboratory CVs ranging from 7.62% to 10.3%, between-laboratory
CVs ranging from 19.2% to 19.7%, and total CVs ranging from 17.2% to 21.8%.  As expected, the majority of
variability was due to the between-laboratory component, with within-laboratory CVs averaging 8.96% and
between-laboratory CVs averaging 19.4%.  Averaging the CVs based on total variance for the three sample
types, a total CV of 20.0% was obtained for the fathead acute test method in the WET Variability Study.
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Table 9.13.  Results for fathead acute test method performed on blank samples.
Survival Information

LabID Sample code Test date
LC50

(% sample)
Control mean

(%)
Control CV

(%)
Flagsa

Referee 9093 10/21/99 >100b 95.0 8.66
3 9002 11/04/99 >100 90.0 17.1
3 9003 11/04/99 >100 100 0.00
6 9004 10/21/99 >100 100 0.00

27 9012 10/21/99 >100 95.0 8.66 e4

33 9018 11/04/99 >100 100 0.00
42 9024 10/21/99 >100 100 0.00 b5

42 9025 10/21/99 >100 95.0 8.66 b5

46 9029 11/04/99 >100 100 0.00 c4, d4

60 9030 10/22/99 >100 90.0 0.00 b2, c1, d7, e2, e3

60 9031 10/22/99 >100 100 0.00 b2, c1, d7, e2, e3

70 9037 10/21/99 >100 100 0.00
73 9041 10/21/99 >100 100 0.00

101 9044 10/21/99 >100 100 0.00
146 9056 10/21/99 >100 100 0.00 d1, e4

157 9061 11/04/99 >100 100 0.00
157 9062 11/04/99 >100 100 0.00
205 9063 10/21/99 >100 100 0.00 b1, e2

231 9069 11/04/99 >100 100 0.00 e2, e3

238 9073 11/04/99 >100 100 0.00 d1, e2

244 9077 11/04/99 >100 100 0.00
251 9081 11/04/99 >100 100 0.00
311 9082 10/21/99 >100 100 0.00 d1, e4

313 9085 10/21/99 >100 100 0.00
406 9089 10/21/99 >100 95.0 8.66 c1

416 9097 10/21/99 >100 100 0.00
452 9109 10/21/99 >100 100 0.00
452 9110 10/21/99 >100 100 0.00

Summary
Statistics

N 27
Min >100
Max >100

Median >100
Mean >100

False positives 0
False positive rate 0.00%

a Data qualifier flags are described in Table 8.3.
b Results from the referee laboratory were excluded from summary statistics.
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Table 9.14.  Results for fathead acute test method performed on reference toxicant samples.
Survival Information

LabID Sample code Test date
LC50

(% sample)
Control mean

(%)
Control CV

(%)
Flagsa

Referee 9096 11/04/99 Invalidb 65.0 7.92 a1

3 9001 10/21/99 41.8 95.0 8.66
6 9006 11/04/99 43.6 100 0.00
6 9007 11/04/99 46.7 100 0.00

25 9008 10/21/99 35.4 100 0.00 g1

25 9009 10/21/99 40.1 100 0.00 g1

33 9017 10/21/99 32.3 100 0.00
41 9020 10/21/99 26.8 100 0.00 e2

41 9021 10/21/99 24.1 100 0.00 e2

42 9026 11/04/99 31.9 100 0.00
46 9027 10/21/99 23.4 95.0 8.66 c4, d4

46 9028 10/21/99 29.6 95.0 8.66 c4, d4

60 9032 11/04/99 33.9 100 0.00 c1, d2, d3, e2, e3

62 9033 10/21/99 63.9 100 0.00 g3

62 9034 10/21/99 55.5 100 0.00 g3

73 9042 11/04/99 35.4 100 0.00
73 9043 11/04/99 34.2 100 0.00

101 9046 11/04/99 55.4 100 0.00
101 9047 11/04/99 53.6 100 0.00
105 9049 10/21/99 36.7 95.0 8.66 e2

141 9052 10/21/99 34.0 95.0 8.66
141 9053 10/21/99 37.9 95.0 8.66
146 9059 11/04/99 32.7 100 0.00 d1, e4

157 9060 10/21/99 33.0 100 0.00
231 9067 10/21/99 34.2 100 0.00 e2, e3

231 9068 10/21/99 38.2 100 0.00 e2, e3

238 9071 10/21/99 39.2 100 0.00 d1, e2

238 9072 10/21/99 46.7 100 0.00 d1, e2

244 9075 10/21/99 33.7 100 0.00
244 9076 10/21/99 34.3 100 0.00
251 9079 10/21/99 34.2 100 0.00
251 9080 10/21/99 34.6 100 0.00
311 9083 11/04/99 39.2 100 0.00 d1

311 9084 11/04/99 42.0 100 0.00 d1

313 9087 11/04/99 45.6 95.0 8.66
313 9088 11/04/99 46.8 95.0 8.66
417 9102 10/21/99 42.1 100 0.00 e2, e4
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Table 9.14.  Results for fathead acute test method performed on reference toxicant samples. (continued)

Survival Information

LabID Sample code Test date
LC50

(% sample)
Control mean

(%)
Control CV

(%)
Flagsa

425 9106 10/21/99 43.5 100 0.00
452 9111 11/04/99 30.9 100 0.00 e1

Summary
Statistics

N 38
Min 23.4
Max 63.9

Median 36.0
Mean 38.6

Within-lab
STD 2.94
CV% 7.62%

Between-lab
STD 7.60
CV% 19.7%

Total
STD 8.15
CV% 21.1%

a Data qualifier flags are described in Table 8.3.
b Results from the referee laboratory were excluded from summary statistics.
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Table 9.15.  Results for fathead acute test method performed on effluent samples.
Survival Information

LabID Sample code Test date
LC50

(% sample)
Control mean

(%)
Control CV 

(%)
Flagsa

Referee 9095 11/4/99 Invalidb 65.0 24.0 a1, d1

25 9010 11/4/99 21.8 100 0.00 g1

25 9011 11/4/99 22.5 100 0.00 g1

27 9014 11/4/99 18.9 100 0.00
27 9015 11/4/99 19.8 100 0.00
33 9019 11/4/99 19.6 100 0.00
41 9022 11/4/99 16.2 95.0 8.66 e2

41 9023 11/4/99 18.3 100 0.00 b1, e2

62 9035 11/4/99 27.7 100 0.00 e4

62 9036 11/4/99 23.3 100 0.00 e4

70 9039 11/4/99 21.8 100 0.00 e1

70 9040 11/4/99 21.0 100 0.00
105 9050 11/4/99 23.9 100 0.00 d2, e2

105 9051 11/4/99 15.8 100 0.00 d2, e2

141 9054 11/4/99 17.5 95.0 8.66
141 9055 11/4/99 15.7 95.0 8.66
146 9058 11/4/99 18.2 100 0.00 d1, e4

205 9065 11/4/99 37.7 100 0.00 e2, g3

205 9066 11/4/99 32.7 100 0.00 e2, g3

231 9070 11/4/99 18.9 100 0.00 e2, e3

238 9074 11/4/99 19.6 100 0.00 d1, e2

244 9078 11/4/99 19.6 100 0.00
406 9091 11/4/99 27.7 100 0.00 c1, e4

406 9092 11/4/99 26.2 100 0.00 c1, e4

416 9099 11/4/99 22.3 95.0 8.66
416 9100 11/4/99 23.1 100 0.00
417 9103 11/4/99 18.2 100 0.00 e2, e4

417 9104 11/4/99 18.3 100 0.00 e2, e4

425 9107 11/4/99 19.7 95.0 8.66 d1

425 9108 11/4/99 19.1 90.0 17.1 d1

Summary
Statistics

N 29
Min 15.7
Max 37.7

Median 19.7
Mean 21.6

Within-lab
STD 2.22
CV% 10.3%

Between-lab
STD 4.14
CV% 19.2%

Total
STD 4.70
CV% 21.8%

a Data qualifier flags are described in Table 8.3.
b Results from the referee laboratory were excluded from summary statistics.
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Table 9.16.  Results for fathead acute test method performed on receiving water samples.
Survival Information

LabID Sample code Test date
LC50

(% sample)
Control mean

(%)
Control CV

(%)
Flagsa

Referee 9094 10/21/99 19.6b 95.0 8.66
6 9005 10/21/99 17.7 100 0.00

27 9013 10/21/99 17.7 100 0.00 e4

33 9016 10/21/99 16.6 100 0.00
70 9038 10/21/99 18.9 100 0.00

101 9045 10/21/99 26.2 95.0 8.66
105 9048 10/21/99 16.9 95.0 8.66 e2

146 9057 10/21/99 20.3 100 0.00 d1, e4

205 9064 10/21/99 16.2 100 0.00 b1, e2

313 9086 10/21/99 23.9 100 0.00
406 9090 10/21/99 19.1 100 0.00 c1

416 9098 10/21/99 16.9 100 0.00
417 9101 10/21/99 21.6 100 0.00 e2, e4

425 9105 10/21/99 25.0 100 0.00

Summary
Statistics

N 13
Min 16.2
Max 26.2

Median 18.9
Mean 19.8
STD 3.41
CV% 17.2%

a Data qualifier flags are described in Table 8.3.
b Results from the referee laboratory were excluded from summary statistics.

Table 9.17.  Precision of point estimates from the fathead acute test method.

Sample type
CV (%)

Within-lab a Between-lab a Total

Reference toxicant 7.62 19.7 21.1

Effluent 10.3 19.2 21.8

Receiving water - - 17.2

Average 8.96 19.4 20.0
a Within- and between-laboratory components of variability were not calculated for the receiving water sample type since no within-
laboratory replication was provided for this sample type.   
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9.5 Fathead Chronic Test Method Results

A total of 27 participant laboratories conducted the fathead chronic test method in the WET Variability Study. 
These laboratories tested a total of 24 blank samples, 37 reference toxicant samples, 27 effluent samples, and 13
receiving water samples.  For each sample tested, a 7-day survival NOEC, a 7-day growth NOEC, a 7-day
survival LC50, and a 7-day growth IC25 were generated as test results.  As described in the WET method
manual, growth was measured as the total weight per replicate divided by the number of original organisms in
that replicate.  This definition provides a combined growth and survival endpoint that is more accurately termed
biomass.  Also, test concentrations above the survival NOEC were excluded from hypothesis testing conducted
on the growth endpoint.  Results of fathead chronic testing are shown in Tables 9.18 - 9.21 for each sample
type.  

9.5.1 Successful Test Completion Rate

A total of 101 fathead chronic tests were initiated by 27 participant laboratories.  All 101 tests were completed;
however, tests conducted on samples 9199 and 9118 were invalid due to failure to meet test acceptability
criteria for growth and survival, respectively.  The resulting successful test completion rate calculated in the
WET Variability Study for the fathead chronic test method was 98.0%.  In addition, the growth NOEC result for
sample 9209 was reported as inconclusive based on an evaluation of the concentration-response relationship
(Table 8.4).  If this test is considered unsuccessful (since the test would be repeated in a regulatory context if the
test endpoint required in the permit produced an inconclusive result), the successful test completion rate
becomes 97.0%.

9.5.2 False Positive Rate

A total of 24 blank samples were analyzed by 20 participant laboratories (Table 9.18).  No false positives were
observed for the survival endpoint.  The survival NOEC was 100% for all 24 blank samples, and the LC50 was
>100% for all 24 blank samples.  One false positive was observed for sublethal endpoints. The growth NOEC
for sample 9158 was 50%, and the growth IC25 for this sample was 93.6%.  The resulting false positive rate
calculated in the WET Variability Study for the fathead chronic test method was 4.35% for the growth NOEC
and 4.17% for the growth IC25.  The one false positive that was observed was due to poor survival in a single
replicate of the 100% test concentration treatment.  For this sample, the survival in the 100% test concentration
was 90%, 100%, 90%, and 50% for the 4 replicates, respectively.  Disregarding replicate 4, the survival for this
treatment would be identical to the control survival (95%).  

In addition to the false positive reported above, participant laboratories reported a NOEC of less than 100% for
two additional samples (9145 and 9209), indicating false positive results.  These samples exhibited an
interrupted concentration-response curve.  Based on EPA guidance for evaluating concentration-response
relationships, the growth and survival NOEC for sample 9145 was recalculated and reported as 100%, and the
growth NOEC for sample 9209 was reported as inconclusive (Table 8.4). 
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9.5.3 Precision

Precision of the fathead chronic test method was estimated by calculating the CV of LC50 and IC25 values
obtained for the reference toxicant, effluent, and receiving water samples.  Within-laboratory, between-
laboratory, and total CVs were calculated for the reference toxicant and effluent samples.  Only a total CV was
calculated for the receiving water samples since no within-laboratory replication was provided for this sample
type.  Results from two samples (9162 and 9163) were excluded from the analysis of precision.  These test
samples were identified by ASTM h statistics as possible outliers, and review of data qualifier flags revealed a
possible cause (Table 9.1).  One additional sample (9177) was identified as a possible outlier but was not
excluded from the analysis of precision since a reasonable cause was not identified.  

Table 9.22 summarizes the precision of point estimates from the fathead chronic test method.  CVs for LC50
values were consistent among sample types, with within-laboratory CVs ranging from 6.59% to 9.16%,
between-laboratory CVs ranging from 10.6% to 12.0%, and total CVs ranging from 12.5% to 15.1%.  As
expected, the majority of variability was due to the between-laboratory component, with within-laboratory CVs
averaging 7.87% and between-laboratory CVs averaging 11.3%.  Averaging the CVs for the LC50 based on
total variance for the three sample types, a total CV of 13.4% was obtained for the fathead chronic survival
endpoint.

CVs for IC25 values were higher than those for LC50 values.  Within-laboratory CVs for the IC25 ranged from
10.0% to 19.1%, between-laboratory CVs ranged from 12.9% to 17.2%, and total CVs ranged from 19.8% to
23.1%.  Within-laboratory CVs (averaging 14.6%) were only slightly lower than between-laboratory CVs
(averaging 15.0%).  Averaging the CVs for the IC25 based on total variance for the three sample types, a total
CV of 20.9% was obtained for the fathead chronic growth endpoint.

The precision of NOEC values was determined simply by evaluating the range and distribution of NOEC values
and the percentage of values falling within and beyond one concentration from the median.  Table 9.23
describes the precision of NOEC values for the fathead chronic method.  For the survival endpoint, NOEC
values spanned four concentrations for the reference toxicant sample type and two concentrations for the
effluent and receiving water sample types.  The percentage of values within one concentration of the median
was 97.2%, 100%, and 100% for the reference toxicant, effluent, and receiving water sample types,
respectively.  

Growth NOEC values were less precise, spanning five concentrations for the reference toxicant sample type and
four concentrations for the effluent and receiving water sample types.  The percentage of values within one
concentration of the median was 86.1%, 91.7%, and 76.9% for the reference toxicant, effluent, and receiving
water sample types, respectively.  Of the 10 results (for samples 9150, 9177, 9193, 9194, 9212, 9129, 9166,
9161, 9176, and 9180) that were beyond 1 concentration from the median, 5 results (samples 9193, 9194, 9212,
9129, and 9161) were the consequence of interrupted concentration-response curves.  For each of these samples,
test concentrations higher than the reported NOEC were not significantly different from the control, but the
NOEC was reported as the concentration below the LOEC based on EPA�s concentration-response guidance
(Table 8.4).  Three results that were beyond one concentration from the median were from very statistically
sensitive tests, with PMSDs near or below EPA�s recommended lower bound of 9.4% (USEPA, 2000d).  The
PMSDs for these three samples (9150, 9166, and 9180) were 9.2%, 9.7%, and 10.3%, respectively. The
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remaining two samples (9176 and 9177) that were beyond one concentration from the median were from the
same laboratory (205) and were conducted on the same day, indicating that test organisms or specific test
procedures in this laboratory may have produced conditions that caused greater sensitivity. 
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9.6 Selenastrum Chronic Test Method Results

A total of 11 participant laboratories conducted the Selenastrum chronic test method in the WET Variability
Study.  These laboratories tested a total of 8 blank samples, 13 reference toxicant samples, 15 effluent samples,
and 8 receiving water samples.  Each of these samples was tested with and without the addition of EDTA to the
sample and dilution water.  For each test conducted, a 96-hour growth NOEC, a 96-hour growth IC25, and a 96-
hour growth IC50 were generated as test results.  The growth endpoint was measured as cell density (cells per
mL).  Test acceptability criteria were assessed independently for tests conducted with EDTA (minimum control
cell density of 1x106 cells/mL) and without EDTA (minimum control cell density of 2x105 cells/mL).  The test
acceptability criteria for control variability was determined by calculating the CV of growth in control replicates
(control CV must be less than 20% to meet test acceptability criteria).  Results of Selenastrum chronic testing
are shown in Tables 9.24 - 9.31 for each sample type tested with and without the addition of EDTA.  

9.6.1 Successful Test Completion Rate

A total of 44 Selenastrum chronic tests were initiated with the addition of EDTA, and 44 tests were initiated
without the addition of EDTA.  All 88 tests were completed; however, 16 tests conducted with EDTA and 15
tests conducted without EDTA were invalid due to failure to meet test acceptability criteria for control growth
or control variability.  The resulting successful test completion rate calculated in the WET Variability Study for
the Selenastrum chronic test method was 63.6% with EDTA and 65.9% without EDTA.  In addition, growth
endpoints for samples 9473 without EDTA, 9455 with EDTA, 9454 without EDTA, and 9468 without EDTA
were reported as inconclusive based on an evaluation of the concentration-response relationship (Table 8.4).  If
these tests are considered unsuccessful (since the tests would be repeated in a regulatory context if the test
endpoint required in the permit produced an inconclusive result), the successful test completion rate becomes
61.4% with EDTA and 59.1% without EDTA.

Two distinct patterns of test failures were observed for laboratories conducting the Selenastrum chronic test
method.  The first pattern involved the failure of both tests (with and without EDTA) conducted on a given
sample and a given day.  This pattern was observed in laboratories 39, 299, 33, and 459.  All but 2 of the 18 test
failures from these laboratories were observed to occur for tests conducted with and without EDTA on a given
sample.  For instance, laboratory 39 failed tests with and without EDTA on samples 9466 and 9467, but passed
tests with and without EDTA on samples 9468 and 9469.  The second pattern of test failures involved the
failure of all tests conducted with a given nutrient type (with or without EDTA).  Laboratories 33, 406, and 209
exhibited this pattern.  Laboratories 33 and 406 failed all tests (8 of 8) with EDTA and passed all but 1 (7 of 8)
test without EDTA.  Laboratory 209 failed all tests (4 of 4) without EDTA and passed all tests with EDTA. 
This pattern was further explained by the culturing methods and general testing procedures used in each
laboratory.  Laboratories 33 and 406, which failed all tests with EDTA, normally cultured organisms and
conducted tests without the addition of EDTA.  Laboratory 209, which failed all tests without EDTA, normally
cultured organisms and conducted tests with EDTA.   

9.6.2 False Positive Rate

A total of five valid tests were conducted on blank samples with the addition of EDTA (Table 9.24).  No false
positives were observed for the growth NOEC, IC25, or IC50.  The growth NOEC was 100% for all 5 blank
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samples tested with EDTA, and the IC25 and IC50 values were >100% for all 5 blank samples tested with
EDTA.  The resulting false positive rate calculated in the WET Variability Study for the Selenastrum chronic
test method conducted with the addition of EDTA was 0.00%.

A total of six valid tests were conducted on blank samples without the addition of EDTA (Table 9.25).  For the
growth NOEC, one false positive was observed and one test result was determined as inconclusive due to
evaluation of the concentration-response relationship (Table 8.4).  The growth NOEC for sample 9457 tested
without EDTA was reported as 6.25%.  Two false positives were observed for the IC25.  The IC25 for samples
9457 and 9473 were reported as 11.7% and 24.6%, respectively.  No false positives were observed for the IC50. 
The resulting false positive rate calculated in the WET Variability Study for the Selenastrum chronic test
method conducted without the addition of EDTA was 20.0%, 33.3%, and 0.00% for the growth NOEC, IC25,
and IC50, respectively. 

9.6.3 Precision

Precision of the Selenastrum chronic test method was estimated by calculating the CV of IC25 and IC50 values
obtained for the reference toxicant, effluent, and receiving water samples.  Within-laboratory, between-
laboratory, and total CVs were calculated for the reference toxicant and effluent samples.  Only a total CV was
calculated for the receiving water samples since no within-laboratory replication was provided for this sample
type.  Results from two samples (9468 w/ EDTA and 9476 w/o EDTA) were excluded from the analysis of
precision.  These test samples were identified by ASTM h statistics as possible outliers, and review of data
qualifier flags revealed a possible cause (Table 9.1). 

Table 9.32 summarizes the precision of point estimates from the Selenastrum chronic test method conducted
with EDTA.  CVs for IC25 values ranged from 10.9% to 39.5% for the within-laboratory variability
component, 8.48% to 20.8% for the between-laboratory variability component, and 23.5% to 40.4% for the total
variability component.  Uncharacteristically, within-laboratory CVs (averaging 25.2%) were higher than
between-laboratory CVs (averaging 14.6%).  This is likely due to the unusually large within-laboratory CV for
the effluent sample type.  Averaging the CVs based on total variance for the three sample types, a total CV of
34.3% was obtained for the IC25 in the Selenastrum chronic test method conducted with EDTA.  IC50 values
were slightly more precise than IC25 values.  For the IC50, CVs averaged 5.82%, 13.2%, and 32.2% for the
within-laboratory, between-laboratory, and total variability components, respectively.

Table 9.33 summarizes the precision of point estimates from the Selenastrum chronic test method conducted
without EDTA.  The Selenastrum test method was less precise when conducted without the addition of EDTA. 
CVs for IC25 values ranged from 21.0% to 25.6% for the within-laboratory variability component, 60.3% to
83.6% for the between-laboratory variability component, and 24.1% to 87.5% for the total variability
component.  Within-laboratory CVs averaged 23.3%, and between-laboratory CVs averaged 72.0%.  Averaging
the CVs based on total variance for the three sample types, a total CV of 58.5% was obtained for the IC25 in the
Selenastrum chronic test method conducted without EDTA.  IC50 values were again slightly more precise than
IC25 values.  For the IC50, CVs averaged 14.5%, 43.9%, and 58.5% for the within-laboratory, between-
laboratory, and total variability components, respectively.
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The precision of NOEC values was determined by evaluating the range and distribution of NOEC values and
the percentage of values falling within and beyond one concentration from the median.  Table 9.34 describes the
precision of NOEC values for the Selenastrum chronic method.  For tests conducted with EDTA, NOEC values
spanned three concentrations for the effluent sample type and four concentrations for the reference toxicant and
receiving water sample types.  The percentage of values within one concentration of the median was 85.7%,
100%, and 85.7% for the reference toxicant, effluent, and receiving water sample types, respectively.  

For tests conducted without EDTA, NOEC values spanned six concentrations for the reference toxicant sample
type, four concentrations for the effluent sample type, and two concentrations for the receiving water sample
type.  The percentage of values within one concentration of the median was 40%, 50%, and 100% for the
reference toxicant, effluent, and receiving water sample types, respectively.  
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9.7 Mysidopsis Chronic Test Method Results

A total of 11 participant laboratories conducted the Mysidopsis chronic test method in the WET Variability
Study.  These laboratories tested a total of 8 blank samples, 13 reference toxicant samples, 15 effluent samples,
and 8 receiving water samples.  For each sample tested, a 7-day survival NOEC, a 7-day growth NOEC, a 7-day
fecundity NOEC, a 7-day LC50, a 7-day growth IC25, and a 7-day fecundity IC25 were generated as test
results.  As described in the WET method manual, growth was measured as the total weight per replicate
divided by the number of original organisms in that replicate.  This definition provides a combined growth and
survival endpoint that is more accurately termed biomass.  The fecundity endpoint was measured as the
percentage of females with eggs.  Replicates without identified females were excluded from the analysis of
fecundity.  Results for the fecundity endpoint were not calculated if less than 50% of control females produced
eggs.  Also, test concentrations above the survival NOEC were excluded from hypothesis testing conducted on
growth and fecundity endpoints.  Results of Mysidopsis chronic testing are shown in Tables 9.35 - 9.38 for each
sample type.  

9.7.1 Successful Test Completion Rate

A total of 44 Mysidopsis chronic tests were initiated by 11 participant laboratories.  All 44 tests were
completed; however, the test conducted on sample 9690 was invalid due to failure to meet test acceptability
criteria for survival.  The resulting successful test completion rate calculated in the WET Variability Study for
the Mysidopsis chronic test method was 97.7%.  One test in the referee laboratory was also invalid due to failure
to meet test acceptability criteria for survival.  Of the 44 Mysidopsis chronic tests initiated, laboratories were
able to report results for the fecundity endpoint in only 22 (or 50% of) tests.  The remaining 22 tests did not
meet the minimum control fecundity necessary to report fecundity results.  The fecundity endpoint is an
optional endpoint in the Mysidopsis chronic test, so failure to generate fecundity data does not invalidate a test.

9.7.2 False Positive Rate

A total of seven valid tests were conducted by seven participant laboratories on blank samples (Table 9.35).  No
false positives were observed for survival, growth, or fecundity endpoints.  The survival NOEC was 100% for
all 7 blank samples, and the LC50 was >100% for all 7 blank samples.  The NOEC for growth was 100% for all
7 blank samples, and the IC25 was >100% for all 7 blank samples.  The fecundity endpoint was only calculable
for four samples.  The NOEC for fecundity was 100% for all 4 samples, and the IC25 for fecundity was >100%
for all 4 samples.  The resulting false positive rate calculated in the WET Variability Study for the Mysidopsis
chronic test method was 0.00%.  

A false positive growth NOEC result was reported by the participant laboratory for sample 9658.  Upon SCC
recalculation and verification, the growth NOEC was properly reported as 100%.  SCC test review discovered
that the participant laboratory had calculated growth based on the weight per surviving Mysidopsis rather than
per original Mysidopsis.  Also, sample 9696 produced an interrupted concentration-response curve; however,
based on EPA guidance for evaluating concentration-response relationships (USEPA, 2000a), the NOEC for
this sample should be reported as 100%.



118

9.7.3 Precision

Precision of the Mysidopsis chronic test method was estimated by calculating the CV of LC50 and growth IC25
values obtained for the reference toxicant, effluent, and receiving water samples.  Precision estimates were not
calculated for fecundity IC25 values because results for this endpoint could not be consistently and definitively
measured within the test concentration range (as evidenced by a large proportion of censored data (e.g.,
>12.5%, >25%, or >50%) for this endpoint).  Within-laboratory, between-laboratory, and total CVs were
calculated for the reference toxicant and effluent samples.  Only a total CV was calculated for the receiving
water samples since no within-laboratory replication was provided for this sample type.  All participant
laboratory test data for the reference toxicant, effluent, and receiving water samples were used in estimating
precision.  No test results were identified by ASTM h statistics as possible outliers.

Table 9.39 summarizes the precision of point estimates from the Mysidopsis chronic test method.  CVs for
LC50 values were consistent among sample types; within-laboratory CVs ranged from 6.09% to 7.06%,
between-laboratory CVs ranged from 24.6% to 30.0%, and total CVs ranged from 25.6% to 37.4%.  As
expected, the majority of variability was due to the between-laboratory component, with within-laboratory CVs
averaging 6.57% and between-laboratory CVs averaging 27.3%.  Averaging the CVs for the LC50 based on
total variance for the three sample types, a total CV of 31.2% was obtained for the Mysidopsis chronic survival
endpoint.

CVs for growth IC25 values were higher than those for LC50 values.  Within-laboratory CVs for the growth
IC25 ranged from 5.26% to 8.69%, between-laboratory CVs ranged from 36.6% to 40.0%, and total CVs
ranged from 37.0% to 45.9%.  Within-laboratory CVs (averaging 6.98%) were much lower than between-
laboratory CVs (averaging 38.3%).  Averaging the CVs for the IC25 based on total variance for the three
sample types, a total CV of 41.3% was obtained for the Mysidopsis chronic growth endpoint.

The precision of NOEC values was determined by evaluating the range and distribution of NOEC values and
the percentage of values falling within and beyond one concentration from the median.  Table 9.40 describes the
precision of NOEC values for the Mysidopsis chronic test method.  For the survival endpoint, NOEC values
spanned three concentrations for all three sample types, and 100% of NOEC values were within one
concentration of the median.  Growth endpoints performed similarly, with the exception of the reference
toxicant sample.  Growth NOEC values spanned four concentrations for the reference toxicant sample type, and
7.69% were beyond one concentration from the median.  The data set for the fecundity endpoint was much
smaller than that for the survival and growth endpoints, since only 50% of tests achieved the necessary
fecundity in controls (egg production in 50% of control females).  In this reduced data set, fecundity NOEC
values spanned three concentrations for each sample type and 75.0%, 87.5%, and 66.7% of values were within
one concentration of the median for the reference toxicant, effluent, and receiving water sample types,
respectively. 
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9.8 Sheepshead Acute Test Method Results

A total of seven participant laboratories conducted the sheepshead acute test method in the WET Variability
Study.  These laboratories tested a total of seven blank samples, seven reference toxicant samples, seven
effluent samples, and seven receiving water samples.  For each sample tested, a 96-hour LC50 was generated as
a test result.  Results of sheepshead acute testing are shown in Tables 9.41 - 9.44 for each sample type.  

9.8.1 Successful Test Completion Rate

A total of 28 samples were tested at 7 participant laboratories.  All 28 tests were completed and met test
acceptability criteria.  The resulting successful test completion rate calculated in the WET Variability Study for
the sheepshead acute test method was 100%.  Testing on two samples (9586 and 9589) was repeated due to
laboratory error.  The laboratory terminated the initial tests after 48 hours rather than the required 96 hours. 
Due to this error, the laboratory retested samples the following week at their expense.  Because this error was
not a result of the test method or test method performance, it was not included in the calculation of the
successful test completion rate.

9.8.2 False Positive Rate

A total of seven blank samples were analyzed by seven participant laboratories (Table 9.41).  The LC50
calculated for all 7 blank samples was >100%, indicating no toxicity and no false positives.  The resulting false
positive rate calculated in the WET Variability Study for the sheepshead acute test method was 0.00%.  

9.8.3 Precision

Precision of the sheepshead acute test method was estimated by calculating the CV of LC50 values obtained for
the reference toxicant, effluent, and receiving water samples.  Since no within-laboratory replication was
provided for this method, CVs were calculated based on total variability and no estimates for precision were
available for within-laboratory and between-laboratory components of variability.  All participant laboratory
test data for the reference toxicant, effluent, and receiving water samples were used in estimating precision. 
While results on two test samples (9617 and 9600) were identified by ASTM h statistics as possible outliers,
these results were not excluded from the analysis of precision due to the small size of the data set.  Exclusion of
either result would translate to exclusion of 14% of the respective data set.  

Table 9.45 summarizes the precision of point estimates from the sheepshead acute test method.  CVs based on
total variance ranged from 19.4% to 32.5% with an average CV of 26.0% obtained for the sheepshead acute test
method in the WET Variability Study.
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Table 9.41.  Results for sheepshead acute test method performed on blank samples.
Survival Information

LabID Sample Code Test date
LC50

(% sample)
Control mean

(%)
Control CV

(%)
Flagsa

Referee 9606 03/07/00 >100b 100 0.00 d5

22 9586 03/17/00 >100 100 0.00
d5, e2, e3, e4, e5,

g8

29 9590 03/07/00 >100 95.0 8.66 d1, e2

73 9594 03/07/00 >100 100 0.00
101 9598 03/07/00 >100 100 0.00
238 9602 03/07/00 >100 100 0.00 e2, e3

420 9610 03/07/00 >100 100 0.00 e2

425 9614 03/07/00 >100 100 0.00 d5, e6

Summary
Statistics

N 7
Min >100
Max >100

Median >100
Mean >100

False positives 0
False positive rate 0.00%

a Data qualifier flags are described in Table 8.3.
b Results from the referee laboratory were excluded from summary statistics.

Table 9.42.  Results for sheepshead acute test method performed on reference toxicant samples.
Survival Information

LabID Sample Code Test date
LC50

(% sample)
Control mean

(%)
Control CV

(%)
Flagsa

Referee 9609 03/14/00 40.6b 100 0.00 d1, d2, d5

22 9589 03/17/00 37.6 100 0.00
d5, e2, e3, e4, e5,

g8

29 9593 03/14/00 46.7 100 0.00 d2, d3, d5, e2

73 9597 03/14/00 37.2 100 0.00
101 9601 03/14/00 35.4 100 0.00
238 9605 03/14/00 35.4 100 0.00 e2, e3, e4

420 9613 03/14/00 39.2 100 0.00 e2

425 9617 03/14/00 66.0 100 0.00 d5, e6, g3

Summary
Statistics

N 7
Min 35.4
Max 66.0

Median 37.6
Mean 42.5
STD 11.1
CV% 26.0%

a Data qualifier flags are described in Table 8.3.
b Results from the referee laboratory were excluded from summary statistics.
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Table 9.43.  Results for sheepshead acute test method performed on effluent samples.
Survival Information

LabID Sample Code Test date
LC50

(% sample)
Control mean

(%)
Control CV

(%)
Flagsa

Referee 9608 03/14/00 35.4b 100 0.00 d2, d5

22 9588 03/14/00 33.4 100 0.00 d5, e2, e3, e4, e5

29 9592 03/14/00 35.4 100 0.00 d2, e2

73 9596 03/14/00 35.4 100 0.00
101 9600 03/14/00 18.3 100 0.00 g3

238 9604 03/14/00 35.4 100 0.00 e2, e3, e4, e6

420 9612 03/14/00 35.4 100 0.00 e2

425 9616 03/14/00 34.2 100 0.00 d5, e6

Summary
Statistics

N 7
Min 18.3
Max 35.4

Median 35.4
Mean 32.5
STD 6.29
CV% 19.4%

a Data qualifier flags are described in Table 8.3.
b Results from the referee laboratory were excluded from summary statistics.

Table 9.44.  Results for sheepshead acute test method performed on receiving water samples.
Survival Information

LabID Sample Code Test date
LC50

(% sample)
Control mean

(%)
Control CV

(%)
Flagsa

Referee 9607 03/07/00 25.9b 100 0.00 d2, d5

22 9587 03/17/00 20.3 100 0.00
d5, e2, e3, e4, e5,

g8

29 9591 03/07/00 17.7 100 0.00 d1, d2, e2

73 9595 03/07/00 35.4 100 0.00
101 9599 03/07/00 15.5 100 0.00
238 9603 03/07/00 22.5 100 0.00 e2, e3

420 9611 03/07/00 35.4 100 0.00 e2

425 9615 03/07/00 27.7 100 0.00 d5, e6

Summary
Statistics

N 7
Min 15.5
Max 35.4

Median 22.5
Mean 24.9
STD 8.10
CV% 32.5%

a Data qualifier flags are described in Table 8.3.
b Results from the referee laboratory were excluded from summary statistics.
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Table 9.45.  Precision of point estimates from the sheepshead acute test method.

Sample type
CV (%)

Within-laba Between-laba Total

Reference toxicant - - 26.0

Effluent - - 19.4

Receiving water - - 32.5

Average - - 26.0
a Within and between-laboratory components of variability were not calculated for this method since no within-laboratory replication
was provided.   

9.9 Sheepshead Chronic Test Method Results

A total of seven participant laboratories conducted the sheepshead chronic test method in the WET Variability
Study.  These laboratories tested a total of seven blank samples, seven reference toxicant samples, seven
effluent samples, and seven receiving water samples.  For each sample tested, a 7-day survival NOEC, a 7-day
growth NOEC, a 7-day LC50, and a 7-day growth IC25 were generated as test results.  As described in the
WET method manual, growth was measured as the total weight per replicate divided by the number of original
organisms in that replicate.  This definition provides a combined growth and survival endpoint that is more
accurately termed biomass.  Also, test concentrations above the survival NOEC were excluded from hypothesis
testing conducted on the growth endpoint.  Results of sheepshead chronic testing are shown in Tables 9.46 -
9.49 for each sample type.  

9.9.1 Successful Test Completion Rate

A total of 28 samples were tested at 7 participant laboratories.  All 28 tests were completed and met test
acceptability criteria.  The resulting successful test completion rate calculated in the WET Variability Study for
the sheepshead chronic test method was 100%.  Testing on sample 9618 was repeated due to laboratory error. 
The laboratory inadvertently renewed the test on Day 6 with the wrong sample.  Due to this error, the laboratory
retested the sample the following week at their expense.  Because this error was not a result of the test method
or test method performance, it was not included in the calculation of the successful test completion rate.

9.9.2 False Positive Rate

A total of seven blank samples were analyzed by seven participant laboratories (Table 9.46).  No false positives
were observed for survival or growth endpoints.  The survival NOEC was 100% for all 7 blank samples, and the
LC50 was >100% for all 7 blank samples.  The NOEC for growth was 100% for all 7 blank samples, and the
IC25 was >100% for all 7 blank samples.  The resulting false positive rate calculated in the WET Variability
Study for the sheepshead chronic test method was 0.00%.
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9.9.3 Precision

Precision of the sheepshead chronic test method was estimated by calculating the CV of LC50 and IC25 values
obtained for the reference toxicant, effluent, and receiving water samples.  Since no within-laboratory
replication was provided for this method, CVs were calculated based on total variability and no estimates for
precision were available for within-laboratory and between-laboratory components of variability.  All
participant laboratory test data for the reference toxicant, effluent, and receiving water samples were used in
estimating precision.  No test results were identified by ASTM h statistics as possible outliers.

Table 9.50 summarizes the precision of point estimates from the sheepshead chronic test method.  CVs for
LC50 values were extremely low for effluent (2.33%) and receiving water (1.63%) sample types and higher for
the reference toxicant sample type (22.2%).  This trend was also observed for CVs of IC25 values, which were
18.4%, 6.12%, and 7.15% for the reference toxicant, effluent, and receiving water sample types, respectively. 
The higher variability associated with the reference toxicant sample could be due to the added step of
reconstituting the reference toxicant ampule sample in each laboratory, or it could be an anomaly associated
with the small data set for this method.  Averaging the CVs based on total variance for the three sample types,
total CVs of 8.73% for the LC50 and 10.5% for the IC25 were obtained for the sheepshead chronic test method
in the WET Variability Study.

The precision of NOEC values was determined by evaluating the range and distribution of NOEC values and
the percentage of values falling within and beyond one concentration from the median. Table 9.51 describes the
precision of NOEC values for the sheepshead chronic method.  For survival and growth endpoints, NOEC
values spanned only two concentrations or did not vary at all between laboratories.  All NOEC values (100%)
were within one concentration of the median. 
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9.10 Silverside Acute Test Method Results

A total of nine participant laboratories conducted the silverside acute test method in the WET Variability Study. 
These laboratories tested a total of 6 blank samples, 12 reference toxicant samples, 12 effluent samples, and 6
receiving water samples.  For each sample tested, a 96-hour LC50 was generated as a test result.  Results of
silverside acute testing are shown in Tables 9.52 - 9.55 for each sample type.  

Precision estimates for the silverside acute test were not calculated for the reference toxicant sample type
because this sample type failed to produce toxicity that could be definitively measured within the test
concentration range.  All LC50s for the reference toxicant sample were >100% sample.  This was caused by
precipitation of the spiked copper in the liquid ampule sample (see Section 5.3). 

9.10.1 Successful Test Completion Rate

A total of 36 silverside acute tests were initiated by 9 participant laboratories.  Of the 36 tests initiated, 2 tests
(samples 9507 and 9506) failed to meet test acceptability criteria for control survival.  The resulting successful
test completion rate calculated in the WET Variability Study for the silverside acute test method was 94.4%. 
The two invalid tests were initiated in the same laboratory (33) on the same day and were likely due to poor
health of test organisms supplied on that day.  In addition, the referee laboratory failed to meet the test
acceptability criteria for control survival in three tests (samples 9531, 9532, and 9533).  The referee laboratory
successfully repeated these tests, and results from the repeated tests are shown in Tables 9.52 - 9.54.

9.10.2 False Positive Rate

A total of six blank samples were analyzed by six participant laboratories (Table 9.52).  The LC50 calculated
for all 6 blank samples was >100%, indicating no toxicity and no false positives.  The resulting false positive
rate calculated in the WET Variability Study for the silverside acute test method was 0.00%.  

9.10.3 Precision

Precision of the silverside acute test method was estimated by calculating the CV of LC50 values obtained for
the effluent and receiving water samples.  Precision estimates were not calculated for the reference toxicant
sample type because this sample type failed to produce toxicity that could be definitively measured within the
test concentration range (see Sections 5.3 and 9.1.4).  Within-laboratory, between-laboratory, and total CVs
were calculated for the effluent samples.  Only a total CV was calculated for the receiving water samples since
no within-laboratory replication was provided for this sample type.  All participant laboratory test data for the
effluent and receiving water samples were used in estimating precision.  No results were identified by ASTM h
statistics as possible outliers. 

Table 9.56 summarizes the precision of point estimates from the silverside acute test method.  As expected, the
majority of variability was due to the between-laboratory component, with a within-laboratory CV of 9.91%
and a between-laboratory CV of 49.7%.  Total CVs were much higher for the effluent sample type (50.7%) than
the receiving water sample type (26.3%).  Averaging the CVs based on total variance for the two sample types,
a total CV of 38.5% was obtained for the silverside acute test method in the WET Variability Study.
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Table 9.52.  Results for silverside acute test method performed on blank samples.
Survival Information

LabID Sample code Test date
LC50

(% sample)
Control mean

(%)
Control CV

(%)
Flagsa

Referee 9532 12/03/99 >100b 100 0.00
b2, b3, e2, e4, g1,

g12

29 9504 11/09/99 >100 100 0.00 e1, e2

36 9512 11/09/99 >100 100 0.00 d2, d6, e4

209 9518 11/02/99 >100 100 0.00
244 9528 11/09/99 >100 100 0.00 e4

425 9536 11/09/99 >100 95.0 8.66 d1, e6

459 9538 11/03/99 >100 100 0.00 b2, d2

Summary
Statistics

N 6
Min >100
Max >100

Median >100
Mean >100

False positives 0
False positive rate 0.00%

a Data qualifier flags are described in Table 8.3.
b Results from the referee laboratory were excluded from summary statistics.
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Table 9.53.  Results for silverside acute test method performed on reference toxicant samples.
Survival Information

LabID Sample code Test date
LC50

(% sample)
Control mean

(%)
Control CV

(%)
Flagsa

Referee 9531 12/03/99 >100b 100 0.00
b2, b3, e2, e4, g1,

g12

33 9507 11/02/99 Invalidc 55.0 8.52 a1

29 9502 11/02/99 >100 100 0.00 b1, e2

29 9503 11/02/99 >100 100 0.00 b1, e2

36 9510 11/02/99 >100 95.0 8.66 c5, d2, d5, d6

36 9511 11/02/99 >100 95.0 8.66 d2, d5, d6

125 9515 11/02/99 >100 100 0.00
209 9520 11/09/99 >100 95.0 8.66
209 9521 11/09/99 >100 90.0 0.00
221 9523 11/02/99 >100 95.0 8.66
244 9526 11/02/99 >100 95.0 8.66 e1, e4

244 9527 11/02/99 >100 95.0 8.66 e4

425 9535 11/02/99 >100 100 0.00

Summary
Statistics

N 11
Min >100
Max >100

Median >100
Mean >100

a Data qualifier flags are described in Table 8.3.
b Results from the referee laboratory were excluded from summary statistics.
c Results from invalid tests were excluded from summary statistics.



137

Table 9.54.  Results for silverside acute test method performed on effluent samples.
Survival Information

LabID Sample code Test date
LC50

(% sample)
Control mean

(%)
Control CV

(%)
Flagsa

Referee 9533 12/03/99 28.6b 90.0 0.00
b2, b3, e2, e4, g1,

g12

29 9505 11/09/99 42.0 100 0.00 d2, e2

33 9508 11/09/99 20.4 90.0 0.00
33 9509 11/09/99 17.9 90.0 17.1
36 9513 11/09/99 40.8 90.0 0.00 d2, d7, e4

125 9516 11/09/99 23.9 100 0.00
125 9517 11/09/99 18.3 100 0.00
221 9524 11/09/99 68.2 90.0 0.00 d1, e4

221 9525 11/09/99 60.3 95.0 8.66 d1, e4

244 9529 11/09/99 84.7 100 0.00 e4

425 9537 11/09/99 37.7 100 0.00
459 9540 11/09/99 38.2 100 0.00 d2

459 9541 11/09/99 33.0 100 0.00 d2

Summary
Statistics

N 12
Min 17.9
Max 84.7

Median 38.0
Mean 40.4

Within-lab
STD 4.01
CV% 9.91%

Between-lab
STD 20.1
CV% 49.7%

Total
STD 20.5
CV% 50.7%

a Data qualifier flags are described in Table 8.3.
b Results from the referee laboratory were excluded from summary statistics.
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Table 9.55.  Results for silverside acute test method performed on receiving water samples.
Survival Information

LabID Sample code Test date
LC50

(% sample)
Control mean

(%)
Control CV

(%)
Flagsa

Referee 9530 11/02/99 47.3b 95.0 8.66 e2, g1

33 9506 11/02/99 Invalidc 65.0 24.0 a1

125 9514 11/02/99 21.5 100 0.00
209 9519 11/02/99 28.7 100 0.00
221 9522 11/02/99 44.3 90.0 17.1 d1

425 9534 11/02/99 35.4 100 0.00 d5

459 9539 11/03/99 39.0 100 0.435 b2, d2, e1

Summary
Statistics

N 5
Min 21.5
Max 44.3

Median 35.4
Mean 33.8
STD 8.90
CV% 26.3%

a Data qualifier flags are described in Table 8.3.
b Results from the referee laboratory were excluded from summary statistics.
c Results from invalid tests were excluded from summary statistics.

Table 9.56.  Precision of point estimates from the silverside acute test method.

Sample type
CV (%)

Within-laba Between-laba Total

Reference toxicantb - - -

Effluent 9.91 49.7 50.7

Receiving water - - 26.3

Average 9.91 49.7 38.5
a Within- and between-laboratory components of variability were not calculated for the receiving water sample type since no within-
laboratory replication was provided for this sample type. 
b Precision estimates were not calculated for the reference toxicant sample type because this sample type failed to produce toxicity that
could be definitively measured within the test concentration range (see Section 5.3 and 9.1.4).
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9.11 Silverside Chronic Test Method Results

A total of 10 participant laboratories conducted the silverside chronic test method in the WET Variability Study. 
These laboratories tested a total of 7 blank samples, 13 reference toxicant samples, 13 effluent samples, and 7
receiving water samples.  For each sample tested, a 7-day survival NOEC, a 7-day growth NOEC, a 7-day
LC50, and a 7-day growth IC25 were generated as test results.  As described in the WET method manual,
growth was measured as the total weight per replicate divided by the number of original organisms in that
replicate.  This definition provides a combined growth and survival endpoint that is more accurately termed
biomass.  Also, test concentrations above the survival NOEC were excluded from hypothesis testing conducted
on the growth endpoint.  Results of silverside chronic testing are shown in Tables 9.57 - 9.60 for each sample
type.  

9.11.1 Successful Test Completion Rate

A total of 40 samples were tested at 10 participant laboratories.  All 40 tests were completed and met test
acceptability criteria.  The resulting successful test completion rate calculated in the WET Variability Study for
the silverside chronic test method was 100%.  The growth endpoint results for sample 9545 were reported as
inconclusive based on an evaluation of the concentration-response relationship (Table 8.4).  If this test is
considered unsuccessful (since the test would be repeated in a regulatory context if the test endpoint required in
the permit produced an inconclusive result), the successful test completion rate becomes 97.5%.

9.11.2 False Positive Rate

A total of seven blank samples were analyzed by seven participant laboratories (Table 9.57).  No false positives
were observed for survival or growth endpoints.  The survival NOEC was 100% for all 7 blank samples, and the
LC50 was >100% for all 7 blank samples.  The growth NOEC was 100% for all 7 blank samples, and the IC25
was >100% for all 7 blank samples.  The resulting false positive rate calculated in the WET Variability Study
for the silverside chronic test method was 0.00%.  

A participant laboratory reported a growth NOEC of less than 100% for sample 9556, indicating a false
positive.  This sample exhibited an interrupted concentration-response curve, with only the 12.5% treatment
producing a significant difference from the control.  Based on EPA guidance for evaluating concentration-
response relationships, the growth NOEC for sample 9556 was recalculated and reported as 100% (Table 8.4).

9.11.3 Precision

Precision of the silverside chronic test method was estimated by calculating the CV of LC50 and IC25 values
obtained for the reference toxicant, effluent, and receiving water samples.  Within-laboratory, between-
laboratory, and total CVs were calculated for the reference toxicant and effluent samples.  Only a total CV was
calculated for the receiving water samples since no within-laboratory replication was provided for this sample
type.  Results from two samples (9582 and 9583) were excluded from the analysis of precision.  Samples 9582
and 9583 were identified by ASTM h statistics as possible outliers, and review of data qualifier flags revealed a
possible cause (Table 9.1).  
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Table 9.61 summarizes the precision of point estimates from the silverside chronic test method.  For LC50
values, within-laboratory CVs ranged from 9.17% to 12.2%, between-laboratory CVs ranged from 32.2% to
46.8%, and total CVs ranged from 33.5% to 48.4%.  CVs were generally higher for the effluent sample (48.4%)
than for reference toxicant (33.5%) or receiving water (40.0%) samples.  As expected, the majority of
variability was due to the between-laboratory component, with within-laboratory CVs averaging 10.7% and
between-laboratory CVs averaging 39.5%.  Averaging the CVs for the LC50 based on total variance for the
three sample types, a total CV of 40.6% was obtained for the silverside chronic survival endpoint.

CVs for IC25 values were slightly higher than those for LC50 values.  Within-laboratory CVs for the IC25
ranged from 7.24% to 22.0%, between-laboratory CVs ranged from 29.1% to 55.5%, and total CVs ranged from
36.4% to 56.0%.  As expected, the majority of variability was due to the between-laboratory component, with
within-laboratory CVs averaging 14.6% and between-laboratory CVs averaging 42.3%.  Averaging the CVs for
the IC25 based on total variance for the three sample types, a total CV of 43.8% was obtained for the silverside
chronic growth endpoint.

The precision of NOEC values was determined by evaluating the range and distribution of NOEC values and
the percentage of values falling within and beyond one concentration from the median.  Table 9.62 describes the
precision of NOEC values for the silverside chronic method.  For the survival endpoint, NOEC values spanned
four concentrations for the reference toxicant sample type, five concentrations for the effluent sample type, and
three concentrations for the receiving water sample type.  The percentage of values within one concentration of
the median was 90.9%, 84.6%, and 85.7% for the reference toxicant, effluent, and receiving water sample types,
respectively.  Growth NOEC values spanned four concentrations for the reference toxicant and effluent sample
types and spanned three concentrations for the receiving water sample type.  The percentage of values within
one concentration of the median was 90.9%, 91.7%, and 85.7% for the reference toxicant, effluent, and
receiving water sample types, respectively.  Of the four results (for samples 9561, 9545, 9564, and 9562) that
were beyond one concentration from the median, two (samples 9564 and 9562) were from the same laboratory
(125).   During tests on both samples, the pH in control replicates and lower test concentrations exceeded 9.0. 
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9.12 Champia Chronic Preliminary Testing Results

No interlaboratory test data were obtained for the Champia chronic test method (see Section 2.1); however,
preliminary testing conducted by the referee laboratory (EnviroSystems, Inc.) provided limited single-
laboratory data on the precision of the method.  The results of preliminary testing are detailed in Appendix D
and summarized here.

In total, 17 Champia chronic tests were conducted by the referee laboratory during preliminary testing.  Three
tests were conducted on reference toxicant samples (filtered, sterilized natural seawater spiked with CuSO4),
four tests were conducted on spiked receiving water samples (unfiltered and unsterilized natural seawater spiked
with CuSO4), seven tests were conducted on unspiked effluent samples (municipal wastewater treatment plant
effluent), and three tests were conducted on unspiked receiving water samples (unfiltered and unsterilized
natural seawater).  For the three reference toxicant tests conducted between 7/27/99 and 5/16/00, the IC25
averaged 0.228 µg Cu/L with a CV of 27.6%.  For the four tests conducted on spiked receiving water, a CV of
49.7% was achieved.  For the unspiked effluent and unspiked receiving water sample types, method precision
could only be assessed in the testing of duplicate samples.  Results from effluent and receiving water samples
collected on different dates would reflect effluent and receiving water variability as well as method variability. 
Testing of duplicate effluent samples collected on 5/9/00 yielded a CV of 50.0%.  Testing of duplicate receiving
water samples collected on 5/23/00 could not be adequately compared due to an inconclusive test result from
one of the duplicate samples (see Appendix D). 

9.13 Holmesimysis Acute Preliminary Testing Results

No interlaboratory test data were obtained for the Holmesimysis acute test method (see Section 2.1); however,
preliminary testing conducted by the referee laboratory (MEC Analytical, Inc.) provided limited single-
laboratory data for this method.  The results of preliminary testing are detailed in Appendix D and summarized
here.

In total, five Holmesimysis acute tests were conducted by the referee laboratory during preliminary testing.  Of
these five tests, three exhibited control survival of 80% and failed to meet test acceptability criteria.  It is
believed that poor control survival in these tests was due to the use of a synthetic seawater rather than a natural
seawater for organism holding and test dilution.  The two remaining tests met test acceptability criteria for
control survival, but test organisms were field-collected and their ages could not be confirmed as meeting the
required test conditions (1-5 days; 24-h range in age).  Additional tests were not conducted by the referee
laboratory due to difficulties in obtaining field-collected gravid females (used to produce juveniles for test use)
during the winter and spring months of the WET Variability Study (see Appendix D).

9.14 Results Summary

This section summarizes the results of interlaboratory testing conducted during the WET Variability Study.  In
this study, EPA assessed the performance of the WET test methods by calculating successful test completion
rates, false positive rates, and precision (i.e., CVs for point estimates and ranges for NOEC values) for each test
method evaluated in interlaboratory testing. 
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9.14.1 Successful Test Completion Rate

The successful test completion rate for each WET test method was calculated as the percentage of initiated and
properly terminated tests that met the test acceptability criteria as specified in the WET method manuals (see
Section 9.1.2).  Table 9.63 summarizes the successful test completion rates achieved in the WET Variability
Study.  Successful test completion rates were 100% for 4 of the 10 test methods, indicating that no invalid tests
were conducted for those methods.  The successful test completion rate was above 94% for 8 of the 10 methods. 
Only the Ceriodaphnia chronic and Selenastrum chronic test methods achieved successful test completion rates
below 90%.  

Table 9.63.  Successful test completion rates for test methods evaluated in the WET Variability Study.

Test method N No. of invalid tests
Successful test

completion rate
(%)

Ceriodaphnia acute 104 5 95.2

Ceriodaphnia chronic 122 22 82.0

Fathead acute 107 0 100

Fathead chronic 101 2 98.0

Selenastrum  chronic (with EDTA) 44 16 63.6

Selenastrum  chronic (without EDTA) 44 15 65.9

Mysidopsis chronic 44 1 97.7

Sheepshead acute 28 0 100

Sheepshead chronic 28 0 100

Silverside acute 36 2 94.4

Silverside chronic 40 0 100

The successful test completion rate for the Ceriodaphnia chronic test method (82.0%) was suppressed by poor
performance in a subset of laboratories (see Section 9.3.1).  Only 10 of the 34 participant laboratories performed
invalid tests, but 8 of these laboratories performed invalid tests on 50% or more of the samples tested.  The low
rate of successful test completion in these 8 laboratories may have been influenced by the study�s strict testing
schedule, which required each test to be conducted on a given day and all tests to be conducted within a 15-day
time period (see Section 2.2.5 and Table 2.4).  When invalid tests conducted in a given laboratory were due to
marginal or poor health of the test organism cultures, then it was logical that the laboratory would fail a high
percentage of tests during this study because culture health was unlikely to fully recover within 15 days.  

Successful test completion rates for the Selenastrum chronic test method were 63.6% and 65.9% for tests
conducted with and without EDTA, respectively.  The lower successful test completion rates for this method
appeared to be partially attributable to laboratory inexperience in using both the with and without EDTA
techniques (see Section 9.6.1).  Two laboratories that cultured organisms without EDTA and generally



148

conducted tests without EDTA showed poor successful test completion (failing eight of eight tests) when EDTA
was used.  These laboratories failed all tests (8) conducted with EDTA and passed all but one test (7) without
EDTA.  Another laboratory that cultured organisms with EDTA and generally conducted tests with EDTA
showed poor successful test completion (failing four of four tests) when the without EDTA procedure was used. 
This laboratory failed all tests (4 of 4) without EDTA and passed all tests (4 of 4) with EDTA.

9.14.2 False Positive Rate

False positive rates were calculated as the percentage of valid tests showing toxicity in blank samples (see
Section 9.1.3).  Table 9.64 summarizes the false positive rates observed for test methods evaluated in the WET
Variability Study.  For the survival endpoint, false positive rates were 0.00% for all test methods evaluated. 
False positive rates for the reproduction endpoint were 3.70% for the Ceriodaphnia chronic test method and
0.00% for the Mysidopsis chronic test method.  

Table 9.64.  False positive rates for test methods evaluated in the WET Variability Study.

Test method N

False positive rate (%)

Survival endpoint Growth endpoint Reproduction endpoint

NOEC LC50 NOEC IC25 NOEC IC25

Ceriodaphnia acute 33 - 0.00 - - - -

Ceriodaphnia chronic 27 0.00 0.00 - - 3.70 3.70

Fathead acute 27 - 0.00 - - - -

Fathead chronic 24 0.00 0.00 4.35a 4.17 - -

Selenastrum  chronic 
(with EDTA)

5 - - 0.00 0.00 - -

Selenastrum  chronic 
(without EDTA)

6 - - 20.0b 33.3 - -

Mysidopsis chronic 7 0.00 0.00 0.00 0.00 0.00c 0.00c

Sheepshead acute 7 - 0.00 - - - -

Sheepshead chronic 7 0.00 0.00 0.00 0.00 - -

Silverside acute 6 - 0.00 - - - -

Silverside chronic 7 0.00 0.00 0.00 0.00 - -
a N for the growth NOEC was 23.
b N for the growth NOEC was 5.
c N for the fecundity endpoint was 4.

For the growth endpoint, false positive rates were 0.00% for all test methods except the fathead chronic test
method and the Selenastrum chronic test method conducted without EDTA.  For the fathead chronic test
method, false positive rates were 4.17% for the growth IC25 and 4.35% for the growth NOEC.  For the
Selenastrum chronic test method conducted without EDTA, false positive rates were 33.3% for the growth IC25
and 20.0% for the growth NOEC.  These relatively high false positive rates for the Selenastrum chronic test
method may be due in part to a small sample size.  The false positive rate of 33.3% reflects only 2 false
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positives out of 6 valid test results, and the 20.0% false positive rate reflects only 1 false positive out of 5 valid
tests.  When the growth IC50 was calculated for the same 6 tests, no false positives were observed.  Also, no
false positives were observed for the Selenastrum chronic test performed with the addition of EDTA.  

In summary, false positives were observed for only 3 of the 10 test methods (Ceriodaphnia chronic, fathead
chronic, and Selenastrum chronic performed without EDTA), and the rate of false positives was below the
theoretical false positive rate of 5% (based on the recommended 0.05 alpha level for hypothesis testing) for all
test methods except for the Selenastrum chronic test method performed without EDTA.

9.14.3 Precision

The precision of test methods evaluated in the WET Variability Study was estimated by calculating a CV for
point estimates (i.e., LC50s and IC25s).  For test methods that included within-laboratory replication of sample
types, CVs were calculated based on within-laboratory, between-laboratory, and total variance (see Section
9.1.4).  These CVs were calculated independently for each sample type and averaged to obtain final estimates of
within-laboratory, between-laboratory, and total variability.  Table 9.65 shows the CVs calculated for each test
method based on within-laboratory, between-laboratory, and total variability.  As expected, the within-
laboratory variability observed for most test methods was much lower than between-laboratory variability. 
Within-laboratory CVs ranged from 6.57% to 12.1% for LC50 values and from 6.98% to 25.2% for IC25
values.  Within-laboratory variability was highest for the Selenastrum chronic test method, with CVs of 25.2%
and 23.3% for growth IC25 results from tests conducted with and without EDTA, respectively.  The within-
laboratory variability for this method was much lower when calculated for the growth IC50 values.  CVs for the
Selenastrum growth IC50 were 5.82% with EDTA and 14.5% without EDTA.  Within-laboratory CVs
calculated in the WET Variability Study represent the variability of results between replicate samples tested
simultaneously in a given laboratory.  Therefore, these within-laboratory CVs are expected to be lower than
previously reported within-laboratory CVs based on reference toxicants tested over time in a given laboratory
(as in USEPA, 2000d).

Between-laboratory variability was higher than within-laboratory variability for all test methods with the
exception of the Selenastrum chronic test method performed with EDTA.  Between-laboratory variability
observed in the WET Variability Study ranged from 11.3% to 49.7% for LC50 values and from 14.6% to 72.0%
for IC25 values.  Similarly to within-laboratory CVs, the growth IC50 for the Selenastrum chronic test method
was less variable than the growth IC25.  The between-laboratory CV for the growth IC50 was 13.2% (versus
14.6% for the IC25) when the Selenastrum chronic test was conducted with EDTA and 43.9% (versus 72.0%
for the IC25) when the Selenastrum chronic test was conducted without EDTA.  

The CVs calculated based on total variance were used to summarize the precision of test methods evaluated in
the WET Variability Study.  These precision estimates are averaged across sample types and incorporate both
within-laboratory and between-laboratory components of method variability.  Summarized precision estimates
based on total variance are presented in Table 9.66.  CVs for acute WET test methods ranged from 20.0% to
38.5%.  CVs for chronic WET test methods ranged from 8.73% to 40.6% for LC50 values and from 10.5% to
58.5% for IC25 values.  These CVs are well within the range of CVs previously reported for WET test methods. 
USEPA (1988) reported multilaboratory precision (CVs) of 22-167% (with a weighted mean of 50%) for acute
WET methods testing reference toxicants.  USEPA (1991) reported interlaboratory precision (CVs) of  acute
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methods as 34.6% to 50.1% for the sheepshead acute method and 22.3% to 59.5% for the Mysidopsis acute
method.  Interlaboratory precision (CVs) of chronic methods was previously reported as 20.5% to 41.1% for the
Ceriodaphnia chronic test method, 31% for the fathead chronic method, and 44.2% for the sheepshead chronic
method (USEPA, 1991).  EPA intends to further comment on the results of the WET Variability Study and the
significance of these results in subsequent rulemaking. 

Table 9.65.  Within-laboratory, between-laboratory, and total variability observed for test methods
evaluated in the WET Variability Study.

Test method

CV (%)a

LC50 IC25

Within-
laboratory

Between-
laboratory

Totalb Within-
laboratory

Between-
laboratory

Totalb

Ceriodaphnia acute 12.1 24.0 29.0 - - -

Ceriodaphnia chronic 7.09 21.8 21.5 17.4 27.6 35.0

Fathead acute 8.96 19.4 20.0 - - -

Fathead chronic 7.87 11.3 13.4 14.6 15.0 20.9

Selenastrum  chronic 
(with EDTA)

- - - 25.2 14.6 34.3

Selenastrum  chronic 
(without EDTA)

- - - 23.3 72.0 58.5

Mysidopsis chronicc 6.57 27.3 31.2 6.98 38.3 41.3

Sheepshead acuted - - 26.0 - - -

Sheepshead chronicd - - 8.73 - - 10.5

Silverside acute 9.91 49.7 38.5 - - -

Silverside chronic 10.7 39.5 40.6 14.6 42.3 43.8
a Within-laboratory, between-laboratory, and total CVs presented are averaged across sample types.  No within-laboratory replication
was provided for the receiving water sample type, so CVs based on within and between-laboratory variance are averaged across only the
reference toxicant and effluent sample types; CVs based on total variance are averaged across the reference toxicant, effluent, and
receiving water sample types.  See Sections 9.2 - 9.11 for precision estimates calculated independently for each sample type and
variance component.
b CVs based on total variance may not necessarily be greater than CVs based on within and between-laboratory variance because the
CVs presented are averaged across sample types. 
c For the Mysidopsis chronic test method, CVs for the IC25 represent results for the growth endpoint.
d Within and between-laboratory components of variability were not estimated for the sheepshead acute and chronic test methods
because no within-laboratory replication was provided for these methods.
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Table 9.66.  Summarized precision estimates (CVs) for test methods evaluated in the WET Variability
Study.

Test method

CV (%)a

LC50 IC25

Ceriodaphnia acute 29.0 -

Ceriodaphnia chronic 21.5 35.0

Fathead acute 20.0 -

Fathead chronic 13.4 20.9

Selenastrum  chronic (with EDTA) - 34.3

Selenastrum  chronic (without EDTA) - 58.5

Mysidopsis chronicb 31.2 41.3

Sheepshead acute 26.0 -

Sheepshead chronic 8.73 10.5

Silverside acute 38.5 -

Silverside chronic 40.6 43.8
a CVs presented are based on total variance and averaged across sample types.
b For the Mysidopsis chronic test method, CVs for the IC25 represent results for the growth endpoint.
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Test of Significant Toxicity (TST)Test of Significant Toxicity (TST)
Proposed Statistical Approach Proposed Statistical Approach 

forfor Analyzing Toxicity Test DataAnalyzing Toxicity Test Data
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Run the Tests

Analyze Data 
and Make a 
Decision

Record the Biological 
Response (Data)

1
2

3
4

Take the Sample

TSTTST

Growth

5
Reasonable Potential 
Determination 

6 Permit 
Requirement(s) 
Decision
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TST is TST is NOTNOT a Change to the WET a Change to the WET 
Test MethodsTest Methods

Labs still conduct the same Labs still conduct the same 
approved test methods:approved test methods:
••Same organismsSame organisms
••Same foodSame food
••Same testing proceduresSame testing procedures
••Same test acceptability criteriaSame test acceptability criteria

33



What is the question we want to What is the question we want to 
answer using WET testing?answer using WET testing? 

Is the effluent or sample toxic? Is the effluent or sample toxic? 
WET is WET is notnot an experimental research program an experimental research program ––

WET is a regulatory program.WET is a regulatory program.

Statistics should give you a yes or no answer.  Statistics should give you a yes or no answer.  

TST is designed to give a yes or no answer TST is designed to give a yes or no answer 
using rigorous, peerusing rigorous, peer--reviewed statistics.reviewed statistics.
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Data Analysis Using TST is More Data Analysis Using TST is More 
Straightforward, Streamlined, Straightforward, Streamlined, 
and Simpler to Use than Current and Simpler to Use than Current 
Approaches Approaches 
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EPA Chronic NOEC AnalysisEPA Chronic NOEC Analysis



Percent Minimum Significant Percent Minimum Significant 
Difference (PMSD)Difference (PMSD)

77

Calculate 
PMSD

Exceeds 
Upper 
Bound

Within 
Bounds

Less than 
Lower 
Bound

Adjust NOEC;
Consider ONLY 
Effect Greater 
Than Lower 

Bound

Report 
Calculated 

NOEC

NOEC < IWC 
(Toxicity 

Detected)

NOEC > IWC 
(No Toxicity 
Detected)

Test not 
accepted &

Repeat Test w/ 
New Sample



EPA Chronic IC25 AnalysisEPA Chronic IC25 Analysis
Linear interpolation method recommendedLinear interpolation method recommended
Not appropriate for nonNot appropriate for non--linear responseslinear responses
Point estimate may not be correct Point estimate may not be correct 
depending on withindepending on within--test variabilitytest variability
Confidence intervals may not be Confidence intervals may not be 
calculated due to inappropriate datacalculated due to inappropriate data
Wide disagreement on the correct Wide disagreement on the correct 
model(s) to use for point estimatesmodel(s) to use for point estimates

88
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EPA Acute LC50 AnalysisEPA Acute LC50 Analysis
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TST Analysis FlowchartTST Analysis Flowchart
Conduct WET test

Apply arcsine square root 
transformation for percent data 

(e.g., survival) 

Calculate t value using TST Welch’s 
t-test

Calculated t value > critical t value?

YES NO

Sample is NOT 
Toxic

Sample is 
Toxic



The tThe t--Test approach is Test approach is 
nothing new in WET analysisnothing new in WET analysis

1111

EPA recognized the t-test approach in its 
promulgated methods:

APPENDIX H of Chronic Manuals: “SINGLE 
CONCENTRATION TOXICITY TEST - COMPARISON OF 
CONTROL WITH 100% EFFLUENT OR RECEIVING WATER
To statistically compare a control with one concentration, such as 
100% effluent or the instream waste concentration, a t-test is the 
recommended analysis. “

Welch’s t-test is a generalized form of the t-test that 
is robust when there are unequal variances or 
unequal sample sizes.  Welch’s t-test has been 
around since 1947.



TST FormulaTST Formula
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Labs can control  nLabs can control  ntt and  nand  ncc
Number of Control and Treatment ReplicatesNumber of Control and Treatment Replicates
Doing more than the minimum required can helpDoing more than the minimum required can help

And SAnd Stt
22 and  Sand  Scc

22

Control and Treatment VarianceControl and Treatment Variance
Good lab QA/QC helpsGood lab QA/QC helps



Only need a two concentration Only need a two concentration 
test design using TST: test design using TST: 
Control and the IWCControl and the IWC

About 50% less costly than multi-
concentration tests used with NOEC or 
point estimate approaches
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Fathead minnow chronic testFathead minnow chronic test 
Current approachCurrent approach 

240 fish total240 fish total
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Control
1

2
IWC

4
5



Fathead minnow chronic testFathead minnow chronic test 
TST approachTST approach 

80 fish total80 fish total
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Control IWC



Fish Chronic Test Design Fish Chronic Test Design 
with greater test powerwith greater test power 

2 more reps for the IWC and control2 more reps for the IWC and control 
120 fish total120 fish total

1616

Control IWC



TST Addresses Error to the 
Permittee as well as Errors to 

the Environment 

Result is better decision- 
making for WET

18



TST rewards high quality TST rewards high quality 
WET dataWET data

7.6 % effect in the 
effluent.
TST passes test 
(declared non toxic) 
Effect is biologically 
insignificant.
Current approach 
fails test (declared 
toxic).

Red Abalone Larval Development Test



TST does not reward poor quality TST does not reward poor quality 
data if toxicity is unacceptabledata if toxicity is unacceptable

Ceriodaphnia reproduction test



Answers to Technical Answers to Technical 
Comments Regarding TSTComments Regarding TST

2020



Claim: False Positive Rate of TST is Claim: False Positive Rate of TST is 
> 5% (14.8%) based on EPA 1999 > 5% (14.8%) based on EPA 1999 
““BlankBlank”” StudyStudy

Need to distinguish Need to distinguish statisticsstatistics
fromfrom test performancetest performance

StatisticalStatistical error is error is NOTNOT the the 
same thing as same thing as measurementmeasurement 

errorerror
2121
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EPA Inter-lab Blank Results
USEPA Non-Toxic "Blank" Samples

Ceriodaphnia dubia Reproduction Results
Seven-Day Termination (not 3-Brood)
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One test exhibited an 80% One test exhibited an 80% 
effect of the effect of the ““BlankBlank”” samplesample

2323

Mean control reproduction = 19.4 
Mean sample reproduction = 4.1 

NOEC = 12.5%

Either the lab received a really 
toxic sample, or there was some 
type of measurement error 

No statistics will help this No statistics will help this 
situationsituation



A second test failed EPAA second test failed EPA’’s s 
test acceptability criteriatest acceptability criteria

Test is invalid Test is invalid –– Lab QA/QC issueLab QA/QC issue
Also indicated by extremely high Also indicated by extremely high 
control CV (variability)control CV (variability)
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EPA InterEPA Inter--lab Blank Results:lab Blank Results: 
Control VariabilityControl Variability
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USEPA Non-Toxic "Blank" Samples - 7-Day Termination
Ceriodaphnia dubia Reproduction Results with Effects >10%
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What about the remaining 2 What about the remaining 2 
tests declared toxic using tests declared toxic using 
TST?TST?
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EPA InterEPA Inter--lab Blank Results:lab Blank Results: 
Sample CVSample CV
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USEPA Non-Toxic "Blank" Samples - 7-Day Termination
Ceriodaphnia dubia Reproduction Results with Effects >10%
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the test drive or nationally; 
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Conclusions regarding Conclusions regarding 
alleged false positive rate of alleged false positive rate of 
TSTTST
Claim is incorrect and overblown; 2 of the 4 Claim is incorrect and overblown; 2 of the 4 
tests that would be declared toxic using TST tests that would be declared toxic using TST 
were either invalid or demonstrated high were either invalid or demonstrated high 
toxicity toxicity This is This is NotNot a statistical issuea statistical issue
The remaining 2 tests also had QA/QC issues The remaining 2 tests also had QA/QC issues 
and are suspect.  and are suspect.  
Even so, 2 out of 27 blank tests = 7.4%, Even so, 2 out of 27 blank tests = 7.4%, 
well within the population error rate of 5% well within the population error rate of 5% 
given such a small sample size (27 tests)given such a small sample size (27 tests)
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Error rates refer to population Error rates refer to population 
statistics, statistics, notnot single testssingle tests

2929

“It may also be worthwhile to remind the readers that we 
erroneously tend to use these error rates (P-value) as some sort 
of statistical evidence obtained FROM A GIVEN TEST RESULT 
as applicable to THAT PARTICULAR TEST ALSO. The value of 
these error rates is only in the sense of "long run frequency" of 
repeated sampling (or WET testing in the present context) as 
envisaged by Neyman and Pearson in their classic paper on 
Testing of Hypothesis (also termed as Acceptance sampling).”

- From an anonymous reviewer for paper submitted to Integrated 
Environmental  Assessment and Management  



TST Test DriveTST Test Drive
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Purpose of Test DrivePurpose of Test Drive

Address concerns raised at the Address concerns raised at the 
November 2010 Board workshopNovember 2010 Board workshop

Determine whether TST would result in Determine whether TST would result in 
a significant change in WET data a significant change in WET data 
interpretation as compared to current interpretation as compared to current 
approach (NOEC)approach (NOEC)

3131



Who was involved in the Test Who was involved in the Test 
Drive?Drive?

18 dischargers in California18 dischargers in California
More than 8 laboratoriesMore than 8 laboratories
Several small, underprivileged Several small, underprivileged 
communitiescommunities

3232



What was evaluated in the What was evaluated in the 
Test Drive?Test Drive?

All of the WET methods commonly All of the WET methods commonly 
used in Californiaused in California
Total of 775 valid WET tests Total of 775 valid WET tests 
Results compared using TST versus Results compared using TST versus 
the NOEC approach for each testthe NOEC approach for each test
Effects of test performance on results Effects of test performance on results 
using TST and NOECusing TST and NOEC
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Test Drive ResultsTest Drive Results
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California labs tracked well California labs tracked well 
with the national findings with the national findings 
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TST and NOEC Results TST and NOEC Results 
Agreed for most testsAgreed for most tests

3636

WET Method Type

Percent of Tests Declared 
Non-Toxic 

Percent of Tests Declared 
Toxic 

TST NOEC TST NOEC

Chronic Marine 89.4 83.6 10.6 16.4

Chronic Freshwater 80.1 82.3 19.9 17.7

Acute Marine 100 100 0 0

Acute Freshwater 96.8 98.9 3.2 1.1

All Methods 88.6 (687) 87.2 (676) 11.4 (88) 12.8 (99)



TST Declared Fewer Samples as TST Declared Fewer Samples as 
Toxic That Were Below the RMDsToxic That Were Below the RMDs 

<< 25% Effect (chronic); 25% Effect (chronic); << 20% Effect (acute)20% Effect (acute)
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TST Declared More Samples As Toxic TST Declared More Samples As Toxic 
When the Mean Effect at the IWC was When the Mean Effect at the IWC was 
>> 25% (Chronic) or 25% (Chronic) or >> 20% (Acute)20% (Acute)
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For the few tests where results were For the few tests where results were 
uncertain due to high withinuncertain due to high within--test test 
variability, a few additional replicates variability, a few additional replicates 
would often make the difference would often make the difference 
using TSTusing TST

3939



Examples from chronic tests Examples from chronic tests 
observed in the Test Driveobserved in the Test Drive

4040

Test Percent Effect # Additional 
Reps Needed to 
Declare Test Not 
Toxic

Red Abalone 15.4% 1

Urchin fertilization 15.9% 2

Topsmelt 19.1% 2

Ceriodaphnia 20.6% 7

Fathead minnow 17.4 % 1



Additional Observations from Additional Observations from 
the Test Drivethe Test Drive
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Effluents that demonstrate biologically Effluents that demonstrate biologically 
trivial effects are rarely declared toxic trivial effects are rarely declared toxic 

using TST, consistent with EPAusing TST, consistent with EPA’’s s 
evaluationevaluation

4242

Tests having < 10% effect at the IWC



Summary of Test DriveSummary of Test Drive
Test results using both TST and the current NOEC Test results using both TST and the current NOEC 
approach approach were very similarwere very similar
Samples having biologically Samples having biologically trivial effects trivial effects were were 
declared nondeclared non--toxic more often using TST toxic more often using TST than the than the 
current approachcurrent approach
Samples exhibiting Samples exhibiting significant toxicity effects significant toxicity effects at the at the 
IWC were IWC were declared toxic more often using TST declared toxic more often using TST than than 
the current approachthe current approach
For samples exhibiting effects in the For samples exhibiting effects in the ““gray areagray area””, , 
addition of a few extra replicates to these tests addition of a few extra replicates to these tests 
would likely result in the sample being declared would likely result in the sample being declared 
nonnon--toxic toxic 
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October 24, 2014 

 
Response to Comments 

 
 

Joint Outfall System 
Whittier Narrows Water Reclamation Plant 

Tentative NPDES Permit 
 
 
This Table describes all significant comments received from interested persons with regard to the above-mentioned tentative permit.  Each 
comment has a corresponding response and action taken. 
 
 

Commenter # Comment Response Action 
Taken 

 
Comments received from Joint Outfall System on October 10, 2014 

 
Joint Outfall 
System 
(JOS) 
 
 

1 “Restrict” 40 CFR 136 data evaluation procedures. 
 
Conditions of the permit must not limit or restrict 40 Code 
of Federal Regulations (CFR) Part 136 required and 
recommended data evaluation procedures. This includes 
a need to include language that will specifically allow the 
Permittee to conduct multi-concentration tests and 
conduct 40 CFR Part 136 required dose response 
relationship evaluations on bioassay data prior to 
application of the two concentration TST statistical 
hypothesis test. 
 

The permit specifies the statistical analysis of the Test of 
Significant Toxicity (TST) to determine toxicity compliance.  The 
TST analysis compares solely the control to the permitted 
instream waste concentration (IWC), in this case, 100% effluent.  
This approach does not analyze any other effluent 
concentrations.  The Permittee can always conduct additional 
replicates for the control and IWC and conduct additional 
concentrations.  However, the analysis will only be evaluated 
with the control and 100% concentration.  If the Permittee 
chooses to conduct additional effluent concentrations, this data 
will not be used for compliance.  Point of clarification, the 
concentration-response relationship (termed by Permittee - 
dose response relationship) is solely a test review step for when 
the statistical approach uses either a No Observable Effect 
Concentration (NOEC)/ Lowest Observed Effect Concentration 
(LOEC) or a point estimate (EC25).  This permit is not requiring 
either of these independent approaches.   
 
40 CFR Part 136 provides approved test methods that must be 
used by dischargers to perform measurements of waste 
constituents for purposes of reporting under NPDES permits, 
and provides the procedures by which alternate test methods 

None 
necessary. 
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may be approved by USEPA.  These regulations do not limit the 
discretion of the permitting authority to select the most 
appropriate test method where more than one method is 
approved. 
 
40 CFR Part 136 lists the Short-term Methods for Estimating the 
Chronic Toxicity of Effluents and Receiving Waters to 
Freshwater Organisms (October 2002) (EPA-821-R-02-013)2 
(hereafter, Short-term Methods, October 2002) as an approved 
method for whole effluent toxicity testing for freshwater 
discharges.  This method requires a multi-concentration test for 
WET effluent testing, and recommends evaluation of the test 
results using NOEC-LOEC hypothesis testing or point estimate 
approach (EC or LC).  The method clarifies that the “statistical 
methods recommended in this manual are not the only possible 
methods of statistical analysis … there are other reasonable 
and defensible methods of statistical analysis for this kind of 
toxicity data.”  (Short-term Methods, October 2002, 9.4.1.2.).  
The method also states: “2.2.1 The selection of the test type will 
depend on the NPDES permit requirements, the objectives of 
the test, and the available resources, the requirements of the 
test organisms, and effluent characteristics such as fluctuations 
in effluent toxicity” (Short-term Methods, October 2002, 2.2.1). 
 
If the Los Angeles Regional Water Board had included in the 
tentative permit the NOEC-LOEC test type, then the review of 
the concentration-response relationship would have been 
necessary to assist in the interpretation of the calculated test 
results. Note that NOEC-LOEC method uses the concentration-
response relationship to assist and ensure the proper 
interpretation of the NOEC-LOEC or EC25 test results.  
Contrary to the Permittee’s comment, it is not used prior to the 
statistical analysis. It is conducted to assist in the interpretation 
of the more complex, NOEC-LOEC or EC25 test results. 
 
On March 17, 2014, USEPA Region 9 approved the use of a 
two-concentration test (a control compared to the IWC)  and 
found that use of the two-concentration test evaluated using the 
TST is an acceptable equivalent, under the Alternative Test 
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Procedure (ATP) process, to the multi-concentration test 
evaluated using NOEC-LOEC hypothesis testing recommended 
in 40 CFR section 136.3.  The TST was developed by EPA to 
address the concerns expressed by both the Permittees and the 
Regulators regarding the NOEC-LOEC hypothesis approach 
limitations and to reduce the tendency to challenge test results.   
 
The conditions of the permit support the test quality assurance 
procedures included in the Short-term Method, October 2002.  
The permit includes the required test acceptability criteria (TAC) 
for each test species and biological endpoint (survival and 
sublethal).  The permitting authority has exercised its discretion 
to specify in the permit the two-concentration test design when 
using the TST as approved by the Alternative Test Procedure 
process. Consequently, the concentration-response 
relationships subsection in the Test Review section (10.2) of the 
test method, Short-term Method, October 2002, is not applicable 
for this approach. 
 

JOS 2 Test variability & dose-response curves. 
 
While variability in WET tests cannot be eliminated 
entirely, the 40 CFR Part 136 promulgated 
methods and various United States Environmental 
Protection Agency (USEPA) guidance document 
procedures were intentionally developed and 
incorporated to address this variability and quantify 
data and result reliability. Conducting multiple 
concentration WET tests and evaluating the dose-
response relationship is one of the more critical and 
significant method-defined procedures for 
addressing this variability and validating data. 

 

See response to Comment 1.   
 
Utilizing the concentration-response relationship to evaluate the 
data from multiple concentration WET tests is valuable when the 
objective of the test is to determine statistical endpoints using 
point estimation or hypothesis testing with NOEC-LOEC.  Since 
the objective of the TST test is to determine if the permitted 
IWC, in this case 100% effluent sample, is toxic or not, 
reviewing the test data of other concentrations is not relevant. 
Unlike point estimation or NOEC-LOEC hypothesis testing, the 
reliability of the results from a two-concentration test analyzed 
using TST will not vary based on the concentration-response 
relationship. 
 
The two concentration test data is validated by reviewing the 
test acceptability criteria and quality assurance/ quality control 
(QA/QC) measures, such as:  

 Performing and evaluating reference toxicant tests; 
 Evaluating various test condition components, such as 

water quality measurements (temperature, pH, DO, light 

None 
necessary. 
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intensity, etc) to ensure that they are within the typically 
accepted range; 

 Examining effluent sampling and handling, and 
 Plotting control charts to track the lab’s control 

performance and reference toxicant performance over 
time.  

 
JOS 3 Dose-response for receiving water toxicity samples. 

 
Anomalies in this expected or assumed dose-
response curve reduces confidence in the test’s 
ability to accurately estimate “toxicity” or, more 
specifically, the test’s ability to estimate effects 
associated with pollutants or toxicants.  In fact, the 
USEPA determined that application of a relatively 
simple dose-response evaluation procedure 
reduced the false positive rate among non-toxic 
blank samples from over 14% to less than 5%1. 
Although more challenging to quantify, evaluation 
of the dose-response relationship is also expected 
to significantly reduce the false negative error rate 
as well (see example below). San Jose Creek 
Receiving Water 12/20/11. 
 
It is for these reasons that the 40 CFR Part 136 
promulgated chronic toxicity testing protocols 
concluded that test review, including evaluation of 
the dose-response relationship, is necessary for 
ensuring that all test results are reported 
accurately2. In addition to being necessary for 
accurate result interpretation, the USEPA method 

The Permittee did not cite the reference exactly as it is found on 
page 69963 of the Federal Register.  It should read: ”For 
instance, in the WET Interlaboratory Variability Study, the use of 
the concentration-response relationship guidance  reduced 
false positive incidences from above 14% to below 5% for some 
methods (USEPA, 2001a).” (emphasis added). The observed 
reduction in the study was attributed to the use of the guidance, 
not in the use of concentration-response curves.   
 
The Method Guidance and Recommendations for Whole 
Effluent Toxicity (WET) Testing (40 CFR Part 136), July 2000, 
identifies common patterns of WET test data and provides 
guidance on using the concentration-response relationship to 
review WET test results.  Some of these response patterns 
were identified as requiring further review if a toxic result is 
obtained depending on the statistical approach used.  Since the 
statistical approach is based on assumptions concerning the 
data set, if the concentration response pattern of the data set 
does not comply with those assumptions, then the calculated 
endpoints may not be valid.  But these anomalous results would 
not occur with a two-concentration test evaluated using TST 
because the results of 100% effluent are compared directly to 
the control and there are no assumptions that need to be 
validated.  The results of a two-concentration test evaluated 

None 
necessary. 

                                                           
1 40 CFR Part 136. Guidelines Establishing Test Procedures for the Analysis of Pollutants; Whole Effluent Toxicity Test Methods; Final Rule. Federal Register 
/ Vol. 67, No. 223 / Tuesday, November 19, 2002 / Rules and Regulations. Page 69963. 

 
2 Short-Term Methods for Estimating the Chronic Toxicity of Effluent and Receiving Water to Freshwater Organisms, Fourth Ed., EPA-821-R-02-013. October 
2002. Section 10.2. [Exhibit 2] Page 49. 
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manual (EPA 821-R-02-013) also directly requires 
that multiple concentration testing be conducted for 
all NPDES effluent compliance determination tests. 
 
It further requires that an evaluation of the dose-
response relationship be conducted and strongly 
recommends against the use of two-concentration 
(control and IWC) test designs for NPDES testing 
(see Attachment B for specific citations from the 
promulgated methods). 

 

using TST will produce reliable results in these circumstances.  
The remaining concentration-response patterns identified in the 
guidance as warranting further review suggested evaluation of 
factors such as meeting test acceptance criteria, test conditions 
and reference toxicant testing.  T These factors can and should 
be evaluated when using the two-concentration method and 
applying TST statistical analysis, and are accounted for in the 
draft permit.   
 
Section 8.11.1 of the Short-term Method, October 2002, 
recommends a two-concentration test for assessing toxicity in 
receiving waters: “Receiving water toxicity tests generally 
consist of 100% water and a control.”  Section 8.11.3 explains 
that in cases where the objective of the test is to estimate the 
degree of toxicity of the receiving water, a multi-concentration 
test is performed using a ≥ 0.5 dilution series, with a control 
water. However, in the tentative permits, the objective of the test 
is to determine whether or not the receiving water is toxic, not to 
estimate the degree to which it is toxic.   Concentration-
response curves are not applicable to the two-concentration 
test.   
 
The Permittee’s comment that 

“the USEPA method manual (EPA 821-R-02-013) also 
directly requires that multiple concentration testing be 
conducted for all NPDES effluent compliance 
determination tests.”  

is incorrect.  That statement does not take into account the ATP 
process in 40 CFR 136.5 and that Section 2.2.1 of the same 
reference (Short-term Methods, October 2002) states that the 
selection of the test type will depend on the permit 
requirements.  It is also important to point out that when the 
USEPA Method Manual was issued in 2002, the TST statistical 
approach had not yet been developed.  Therefore, the method 
and the guidance must be considered in light of the newly 
develop statistical approach that relies on a two-concentration 
test.   
 
Additional discussion is provided in the response to comment A-
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6 and B-1. 
 

JOS 4 JOS requests that the underlined language be added to 
Page 26, Section VII.J (first paragraph): 
 
Requested language change regarding single-
concentration test. 
 

“The discharge is subject to determination of “Pass” 
or “Fail” and “Percent Effect” from a single-effluent 
concentration chronic toxicity test at the discharge 
IWC using the Test of Significant Toxicity (TST) 
approach described in National Pollutant Discharge 
Elimination System Test of Significant Toxicity 
Implementation Document (EPA 833-R-10-003, 
2010), Appendix A, Figure A-1, and Table A-1. The 
null hypothesis (Ho) for the TST approach is: Mean 
discharge IWC response ≤0.75 × Mean control 
response. A test result that rejects this null 
hypothesis is reported as “Pass”. A test result that 
does not reject this null hypothesis is reported as 
“Fail”. The relative “Percent Effect” at the discharge 
IWC is defined and reported as: ((Mean control 
response - Mean discharge IWC response) ÷ Mean 
control response)) × 100.” 

 
 

The instream waste concentration (IWC) represents whole 
effluent toxicity present in the effluent discharged.  Since the 
TST method has been designated in the permit for toxicity 
compliance, the single effluent concentration at the discharge 
IWC is the appropriate sample. The language will not be 
changed and is consistent with the direction that USEPA 
provided to the Regional Water Board in its September 4, 2014 
Formal Objection Letter 

None 
necessary. 

JOS 5 JOS requests that the underlined language be added to 
Page 27, Section VII.J (last paragraph): 
 
Multi-concentration design. 
 

“The chronic toxicity MDEL and MMEL are set at 
the IWC for the discharge (100% effluent) and 
expressed in units of the TST approach (“Pass” or 
“Fail”, “Percent Effect”). All NPDES effluent 
compliance monitoring for the chronic toxicity 
MDEL and MMEL shall be reported using only the 
100% effluent concentration and negative control, 

As explained in response to Comments 1– 3, concentration-
response curves are not applicable to the review of a two-
concentration test design (a control compared to the IWC).   The 
language will not be changed and is consistent with the direction 
that USEPA provided to the Regional Water Board in its 
September 4, 2014 Formal Objection Letter. 

None 
necessary. 
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expressed in units of the TST. The TST 
hypothesis (Ho) (see above) test is not tested 
using a multi-concentration test design; therefore, 
the concentration-response relationship for the 
effluent and/or PMSDs shall not be used to 
interpret the TST result reported as the effluent 
compliance monitoring result. While t The 
Permittee can opt to monitor the chronic toxicity of 
the effluent using five or more effluent dilutions 
(including 100% effluent and negative control) and 
utilize all 40 CFR Part 136 specified procedures, 
including evaluation of the concentration 
response, to determine if results are reliable and 
should be reported, anomalous and should be 
explained, or that the test was inconclusive and 
should be repeated. Only results generated using 
the TST statistical procedure on bioassay data 
meeting 40 CFR Part 136 QA/QC requirements 
result will be considered for compliance 
purposes.” 

 
JOS 6 JOS requests that the underlined language be added to 

Page E-13, Section V.A.5:  
Replace Subsection V.A.5.c including Table E-4 with 
alternative language, as follows: 
 
“c.     Tests identified as “invalid” or “inconclusive” using 

procedures specified in the referenced method 
manual and supporting USEPA guidance must be 
resampled and retested within 14 days. 
If the effluent toxicity test does not meet all test 
acceptability criteria (TAC) specified in the 
referenced test method, Short-term Methods for 
Estimating the Chronic Toxicity of Effluents and 
Receiving Waters to Freshwater Organisms (U.S. 
EPA 2002, EPA-821-R-02-013) (see Table E-4, 
below), then the Permittee must re-sample and 
re-test within 14 days.” 

 

Meeting the TAC specified by the test method is necessary to 
determine the validity of the test.  Replacing the proposed 
strikeout TAC language with the proposed ‘invalid' or 
‘inconclusive’ language is too broad.  For example, an out of 
control reference toxicant test result does not necessarily 
invalidate associated test results. In the event of a reference 
toxicant sensitivity being outside the recommended control 
limits, the reviewer should evaluate the reference toxicant and 
the effluent test results with respect to the test objective and the 
test conditions, etc. and determine a course of action to identify 
and fix any potential problems. Identifying every abnormal 
reference toxicant sensitivity as a justification for an “invalid” 
result is not appropriate.  Since the listed TAC is the basis on 
which a two concentration test using TST may be considered 
invalid or inconclusive for compliance purposes, this alternative 
language is not appropriate. 
 

None 
necessary. 
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Table E-4. USEPA Test Methods and Test 
Acceptability Criteria” 

 
JOS 
 
 

7 Comment 2 in cover letter. 
 
Language in the Tentative Whittier Narrows Permit could 
be misinterpreted to indicate that receiving water toxicity 
monitoring is subjected to numeric chronic toxicity limits 
(MDEL and MMEL) or numeric receiving water triggers. 
 
Page E-11, Section V.A.2 
 

“The total sample volume shall be determined by 
the specific toxicity test method used. Sufficient 
sample volume shall be collected to perform the 
required toxicity test. For the receiving water, 
sufficient sample volume shall also be collected for 
subsequent TIE studies, if necessary, at each 
sampling event. All toxicity tests shall be conducted 
as soon as possible following sample collection. No 
more than 36 hours shall elapse before the 
conclusion of sample collection and test initiation.” 

 
Page E-17, Footnote 19 
 

“The Permittee shall conduct Whole Effluent 
Toxicity monitoring on receiving water samples as 
outlined in section VIII.D. If the monthly median 
chronic toxicity result at the immediate downstream 
receiving water location is identified as “Fail” and 
concurrent upstream and/or outfall testing does not 
rule out the Permittee’s outfall as a source of the 
observed exceedance, the Permittee shall initiate 
accelerated and TRE Plan initiation testing as 
described in section V.A.7 and V.A.8. Please refer 
to section V.A.7 of this MRP for the accelerated 
monitoring schedule. The median monthly 
summary result shall be reported as “Pass” or 
“Fail”. The maximum daily single result shall be 

The language on page 11 of the Whittier Narrows WRP was 
revised as follows to clarify that the receiving water objective is 
narrative, not numeric: 
 
   19.    Chronic Toxicity Narrative Receiving Water Quality 

Objective 

a. There shall be no chronic toxicity in ambient waters as a 
result of the discharge. 

b. Receiving water and effluent toxicity testing shall be 
performed on the same day as close to concurrently as 
possible. 

 
The language regarding Footnote 19 was modified using similar 
language to specify that the receiving water chronic toxicity 
requirement is a narrative threshold not a numeric limitation.  
Footnote 19 was also modified to change the “exactly three 
independent tests are required” to “up to three independent 
tests are required”. 
 
However, the remaining language will not be changed because 
it is consistent with the permit required TST test and it is 
consistent with Section 2.4.4 of EPA Region 8,9, and 10 Toxicity 
Training Tool (January 2010):  “EPA recommends that WET 
monitoring in permits be conducted at frequency sufficient to 
ascertain discharge compliance with WQBELs for WET, WET 
permit conditions and, ultimately, State water quality standards. 
Whether or not WET limits are included in a permit, WET 
monitoring conditions need to specify: (1) an accelerated 
monitoring schedule following the exceedance of either a WET 
permit limit or WET permit trigger; and (2) the number of WET 
test failures during this schedule that will automatically initiate a 
TRE.” 
 
 

Modified 
language. 
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reported as “Pass or Fail” with a “% Effect”. Exactly 
three independent toxicity tests are required when 
one toxicity test results in “Fail”.” 

 

 
 
 
 
 

JOS 8 Add a Section VIII.D. on page E-19: 
 
“D. Receiving Water Chronic Toxicity Requirements 
 
1.    Discharge In-stream Waste Concentration (IWC) 

for Chronic Toxicity  
The chronic toxicity IWC for this discharge is 100 
percent receiving water.  

 
2.    Sample Volume and Holding Time  

The total sample volume shall be determined by the 
specific toxicity test method used. All toxicity tests 
shall be conducted as soon as possible following 
sample collection. No more than 36 hours shall 
elapse before the conclusion of sample collection 
and test initiation.  

 
3.    Chronic Freshwater Species and Test Methods  

If the receiving waters salinity is <1 ppt, the 
Permittee shall conduct the following chronic toxicity 
tests with species and test methods in Short-term 
Methods for Estimating the Chronic Toxicity of 
Effluents and Receiving Waters to Freshwater 
Organisms (EPA/821/R-02/013, 2002; Table IA, 40 
CFR part 136). In no case shall these species be 
substituted with another test species unless written 
authorization from the Executive Officer is received. 

 
a.     A static renewal toxicity test with the fathead 

minnow, Pimephales promelas (Larval Survival 
and Growth Test Method 1000.0).  

b.    A static renewal toxicity test with the daphnid, 
Ceriodaphnia dubia (Survival and 
Reproduction Test Method 1002.0).  

It is not necessary to add the proposed language to the 
receiving water monitoring section because it would be 
duplicative of the Whole Effluent Toxicity (WET) Testing 
Requirements (Section V) of the MRP that apply to both the 
effluent and the receiving water.  The only difference is what the 
"Monthly Median Summary Result" means.  For the effluent, it is 
the numeric monthly median limit, while for the receiving water it 
is the narrative water quality threshold.  In both cases, not 
meeting the Monthly Median Summary Result would require 
initiation of accelerated testing.  Since the quality assurance for 
the TST test is also addressed elsewhere in the permit, it is not 
necessary to add the requested additional quality assurance 
language. 
 
However, footnote 19 was revised to address compliance with 
the receiving water threshold. The additional text is shown 
below: 
 

The Permittee shall conduct whole effluent toxicity 
monitoring as outlined in section V. If the chronic toxicity 
median monthly threshold at the immediate downstream 
receiving water location is not met and the toxicity 
cannot be attributed to upstream toxicity, as assessed 
by the Permittee, then the Permittee shall initiate 
accelerated monitoring. If the chronic toxicity median 
monthly threshold of the receiving water at both 
upstream and downstream stations is not met, but the 
effluent chronic toxicity median monthly effluent 
limitation was met, then accelerated monitoring need 
not be implemented.  

Modified 
language. 
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c.     A static toxicity test with the green alga, 
Selenastrum capricornutum (also named 
Raphidocelis subcapitata) (Growth Test 
Method 1003.0). 

 
4.    Quality Assurance and Additional 

Requirements.  
Quality assurance measures, instructions, and other 
recommendations and requirements are found in the 
test methods manual previously referenced. 
Additional requirements are specified below.  

 
a.     The results of the receiving water tests are to 

be reported as “Pass” or “Fail” and “Percent 
Effect” using the Test of Significant Toxicity 
(TST) approach described in National Pollutant 
Discharge Elimination System Test of 
Significant Toxicity Implementation Document 
(EPA 833-R-10-003, 2010), Appendix A, Figure 
A-1, and Table A-1. The null hypothesis (Ho) 
for the TST approach is: undiluted receiving 
water response ≤0.75 × Mean control 
response. A test result that rejects this null 
hypothesis is reported as “Pass”. A test result 
that does not reject this null hypothesis is 
reported as “Fail”. The relative “Percent Effect” 
in undiluted receiving water is defined and 
reported as: ((Mean control response - Mean 
undiluted receiving water response) ÷ Mean 
control response)) × 100.  

b.     Tests identified as “invalid” or “inconclusive” 
using procedures specified in the referenced 
method manual and supporting USEPA 
guidance must be resampled and retested 
within 14 days. 

c.     Control and dilution water should be receiving 
water or laboratory water, as appropriate, and 
must be approved by the Regional Board 
before use. If the dilution water used is 
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different from the culture water, a second 
control using culture water shall be used.  

d.     Monthly reference toxicant testing is sufficient. 
All reference toxicant test results should be 
reviewed and reported using the EC25.  

e.     Chlorine and ammonia shall not be removed 
from the receiving water sample prior to toxicity 
testing, unless explicitly authorized under this 
section of the Monitoring and Reporting 
Program and the rationale is explained in the 
Fact Sheet (Attachment F).” 

 
JOS 9 Comment 3 in JOS cover letter. 

 
The Permittee should not be required to conduct routine 
toxicity compliance monitoring and should not be liable for 
continued MMEL and MDEL WET violations after 
triggering accelerated testing and initiation of the TRE. 
 

The routine sampling requirements versus the accelerated 
monitoring and TIE/TRE testing periods are addressed below in 
the responses to comments #10 and 12.  The Permittee is 
required to conduct routine toxicity testing for compliance 
purposes throughout the permit’s term, as is true of all other 
constituent testing, and as appropriate to maintain the water 
quality standard. 
 

None 
necessary. 

JOS 10 Page E-14, Section V.A.7. (last sentence of the last 
paragraph): 
 

“During accelerated monitoring schedules, only TST 
results (“Pass” or “Fail”, “Percent Effect”) for chronic 
toxicity tests shall be reported as effluent 
compliance monitoring results for the chronic toxicity 
MDEL and MMEL.” 

 

As noted in the backup text for Comment 3, the accelerated 
chronic toxicity testing is indistinguishable from the routine 
compliance testing in terms of how the test is conducted.  Multi-
concentration testing is allowed in this case, however, to provide 
information about the magnitude of the toxic event to prepare for 
the TIE/TRE process that would follow if one of the four 
accelerated test results was a Fail.  Thus, the TST results from 
the accelerated testing can be used as the effluent chronic 
toxicity compliance monitoring results.  The strikeout text in the 
comment is needed to confirm that compliance monitoring is 
required during the accelerated monitoring. 
 

None 
necessary. 

JOS 11 Page E-14, Section V.A.8: 
“During the TRE Process, monthly effluent 
monitoring shall resume and TST results (“Pass” or 
“Fail”, “Percent Effect”) for chronic toxicity tests shall 
be reported as effluent compliance monitoring 
results for the chronic toxicity MDEL and MMEL.” 

 

Since the permit requires monthly toxicity monitoring utilizing the 
TST method throughout the permit term for the reasons 
described above, the proposed deleted language will be 
retained. 

None 
necessary. 
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JOS 12 Page E-15, Section V.A.8.d: 
“The Permittee shall continue to conduct routine 
effluent monitoring for compliance determination 
purposes while the TIE and/or TRE process is 
taking place. Additional accelerated monitoring and 
TRE work plans are not required once a TRE is 
begun.” 

 

The purpose of the TIE/TRE is to identify the source or cause of 
toxicity in the effluent, not to suspend compliance requirements.  
Toxicity tests collected during the TRE process may not be 
suitable for compliance reporting purposes because water 
samples may undergo manipulations to identify the causative 
agent, or the sample holding time may be exceeded.   
 
For example, in late 2013, the toxicity levels in the effluent from 
the Pomona WRP triggered accelerated testing and also 
triggered a TIE/TRE.  The 2009 NPDES permit did not contain 
language specifying continued compliance monitoring during the 
TIE/TRE process.   Consequently, Pomona WRP did not collect 
final effluent samples for compliance purposes for several 
months during the time that the TIE/TRE was underway.  
Language in the tentative NPDES permit addresses this gap. 
 

None 
necessary. 

JOS 13 Comment 4 in JOS cover letter. 
 
Initiating accelerated testing within 24 hours of being 
notified of an MMEL or MDEL WET violation is not 
practicable. 
 
Page E-14, Section V.A.7: 

“The Permittee shall ensure that they receive results 
of a failing chronic toxicity test W within 24 hours of 
the completion of the test of the time the Permittee 
becomes aware of this result, the Permittee and 
shall implement an initiate the first of four 
accelerated monitoring tests schedule within seven 
calendar days for tests contracted to a commercial 
laboratory and within six calendar days for tests 
initiated at the San Jose Creek Water Quality 
Laboratory consisting of four, five-concentration 
toxicity tests (including the discharge IWC), 
conducted at approximately two week intervals, over 
an eight week period; in preparation for the TRE 
process and associated reporting, these results 
shall also be reported using the EC25. If each of the 
accelerated toxicity tests results in “Pass”, the 

Based on the logistics described in the comment letter, the 
allowable time elapsed prior to initiating the accelerated testing 
shall be revised as follows to reflect the difficulty in obtaining 
certain species from the supplier: 
 

Once Within 24 hours of the time the Permittee 
becomes aware of this result, the Permittee shall 
implement an accelerated monitoring schedule 
consisting of within 48 hours for the Ceriodaphnia dubia 
test, and within 5 calendar days for both the Pimephales 
promelas and Selenastrum capricornutum tests. 
However, if the sample is contracted out to a 
commercial laboratory, the Permittee shall ensure that 
the first of four accelerated monitoring tests is initiated 
within seven calendar days of the Permittee becoming 
aware of the summary result.  The accelerated 
monitoring schedule shall consist of four, multi-
concentration toxicity tests (including the discharge 
IWC), conducted at approximately two week intervals, 
over an eight week period; in preparation for the TRE 
process and associated reporting, these results shall 
also be reported using the EC25 to provide information 
in the event of needing to do a TIE. If each of the 

Language 
was modified 
indicating 
when 
accelerated 
testing must 
be initiated. 
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Permittee shall return to routine monitoring for the 
next monitoring period.” 

 

accelerated toxicity tests results in “Pass” with the TST 
analysis, the Permittee shall return to routine monitoring 
for the next monitoring period. If one of the accelerated 
toxicity tests results in “Fail”, the Permittee shall 
immediately implement the TRE Process conditions set 
forth below. During accelerated monitoring schedules, 
only TST results (“Pass” or “Fail”, “Percent Effect”) for 
chronic toxicity tests shall be reported as effluent 
compliance monitoring results for the chronic toxicity 
MDEL and MMEL.  

JOS 14 Comment 5 in JOS cover letter. 
 
Median Monthly Effluent Limit (MMEL) should be clearly 
and unambiguously defined as the median of no more 
than the three tests conducted over a calendar month. 
 

 
 
The language was revised from “exactly” to “up to” three. 

 
 
Language 
was changed 
in the WDR. 

JOS 15 Page 7, Footnote 3: 
“The median monthly effluent limitation (MMEL) 
shall be reported as “Pass” or “Fail”. The maximum 
daily effluent limitation (MDEL) shall be reported as 
“Pass” or “Fail” and “% Effect.” The MMEL for 
chronic toxicity shall only apply when there is a 
discharge more than one day in a calendar month 
period. During such calendar months, exactly  no 
more than three independent toxicity tests will be 
used to evaluate the MMEL are required when one 
toxicity test results in “Fail”.” 

 

The language was replaced from “exactly” to “up to” three. 
However, the language regarding the MMEL was not added 
because it is unnecessary. Additional tests within the month 
would have to meet the Maximum Daily Effluent Limitation 
(MDEL) while the Permittee is striving to come into compliance 
with the median monthly effluent limitation (MMEL). 

Similar 
language 
was added in 
Footnote 3. 

JOS 16 Page 27, Section VII.J (third paragraph): 
“The Median Monthly Effluent Limitation (MMEL) for 
chronic toxicity is exceeded and a violation will be 
flagged when the median of no more than three 
independent chronic toxicity tests, conducted within 
the same calendar month and analyzed using the 
TST approach, results in “Fail”.  The MMEL for 
chronic toxicity shall only apply when there is a 
discharge more than one day in a calendar month 
period. During such calendar months, exactly  no 

The language was revised from “exactly” to “up to” three. Similar 
language 
was added. 
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more than three independent toxicity tests will be 
used to evaluate the MMEL are required when one 
toxicity test results in “Fail”.” 

 
JOS 17 Page E-9, Footnote 10: 

“The Permittee shall conduct whole effluent toxicity 
monitoring as outlined in section V. Please refer to 
section V.A.7 for the accelerated monitoring 
schedule. The median monthly summary result shall 
be reported as “Pass” or “Fail”. The maximum daily 
single result shall be reported as “Pass” or “Fail” and 
“% Effect.” When there is a discharge more than 
one day in a calendar month period, exactly no 
more than three independent toxicity tests will be 
used to evaluate the MMEL. are required when one 
toxicity test results in “Fail.”” 

 

The language was revised from “exactly” to “up to” three. Similar 
language 
was added. 

JOS 18 Page E-13, Section V.A.5.b: 
“The Median Monthly Effluent Limitation (MMEL) for 
chronic toxicity only applies when there is a 
discharge more than one day in a calendar month 
period. During such calendar months, exactly no 
more than three independent toxicity tests will be 
used to evaluate the MMEL. are required when one 
toxicity test results in “Fail”.” 

 

The language was revised from “exactly” to “up to” three. Similar 
language 
was added. 

JOS 19 Page E-17, Footnote 19: 
“The Permittee shall conduct Whole Effluent Toxicity 
monitoring as outlined in section V. Please refer to 
section V.A.7 of this MRP for the accelerated 
monitoring schedule. The median monthly summary 
result shall be reported as “Pass” or “Fail”. The 
maximum daily single result shall be reported as 
“Pass or Fail” with a “% Effect”. Exactly no more 
than three independent toxicity tests will be used to 
evaluate the MMEL. are required when one toxicity 
test results in “Fail”.” 

 

The language was revised from “exactly” to “up to” three. Similar 
language 
was added. 

JOS 20 Section V.A.4 of the Tentative Whittier Narrows Permit Overall response: The collection of a single sample means that Added 
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concerning most sensitive species screening is confusing 
and requires clarification. 
 

the one sample collected for the test initiation shall be used to 
conduct one suite of three-species sensitive screening. 
Regional Water Board staff agree that for the Ceriodaphnia 
dubia and Fathead minnow tests, it is required to have two more 
independent composite samples.  These samples will be 
collected for the remaining renewals. 
 
With regard to the selection of the most sensitive species, only 
the species with the highest percent effect shall be used, 
regardless of the toxicity results, whether it is a “Pass” or “Fail”. 
 
Please refer to response to Comments 21 through 24 for 
specific clarifying language changes. 
 

clarifying 
language. 

JOS 21 First, the second sentence of Section V.A.4 of the 
Tentative Permit (page E-12) states that Permittee 
shall collect a single effluent sample to conduct the 
most sensitive species screening. It also contains a 
requirement to report the results of the most 
sensitive species screening as effluent compliance 
monitoring results. However, the fish and 
invertebrate chronic toxicity tests require that a 
minimum of three discrete samples be used to 
conduct the test if the results are to be reported for 
NPDES compliance purposes. These requirements 
conflict and need to be reconciled. If the Regional 
Board would like a compliance determination made 
during most sensitive species screening, then the 
requirement to use a single effluent sample to 
conduct the screening needs to be deleted. 
 

The same sample shall be used to initiate the three different 
tests (one sample for three species).  However, as allowed 
under the test method for the Ceriodaphnia dubia and the 
Fathead minnow, additional samples may be collected for the 
renewal water.  Each time an additional sample is collected, that 
sample shall be used to renew both the Ceriodaphina and the 
Fathead minnow tests only. Therefore, Regional Water Board 
staff recommend the following clarifying language: 
 

Species sensitivity screening shall be conducted 
beginning the first month the permit is in effect.  The 
Permittee shall collect a single effluent sample to initiate 
and concurrently conduct three toxicity tests using the 
fish, an invertebrate, and the alga species previously 
referenced. This sample shall also be analyzed for the 
parameters required for the discharge, during that given 
month. As allowed under the test method for the 
Ceriodaphnia dubia and the Fathead minnow, a second 
and third sample may be collected for use as test 
solution renewal water as the seven-day toxicity test 
progresses.  However, that same sample shall be used 
to renew both the Ceriodaphnia dubia and the Fathead 
minnow.   

 

Added 
clarifying 
language. 

JOS 22 Second, Section V.A.4 requires that, “This sample During the time that the Permittee is conducting the three- Added 
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[the single sample on which most sensitive species 
screening is to be conducted] shall also be analyzed 
for the parameters required for the discharge.” This 
language appears to require that the sample used 
for toxicity testing be run for every analyte for which 
effluent testing is required. This appears to be a 
typographical error, as it would cost many 
thousands of dollars to run this sample for every 
effluent testing parameter, as the Tentative Permit 
contains parameter monitoring of over 200 different 
constituents. This sentence needs to be deleted or 
additional clarification needs to be provided. 
 

species sensitivity screening, the Permittee is not supposed to 
monitor for every single analyte in the effluent MRP section.  
Instead, the Permittee is supposed to collect samples 
concurrently only for those parameters which need to be 
sampled during that given month.  
 
Therefore, Regional Water Board staff suggest adding the 
following language: “This sample [the single sample on which 
most sensitive species screening is to be conducted] shall also 
be analyzed for the parameters required for the discharge 
during that given month.” 
 

clarifying 
language. 

JOS 23 Finally, Section V.A.4 is ambiguous regarding the 
process used to select the most sensitive species. 
In the case where the result for all three species is 
“Pass”, this section specifies that the species 
exhibiting the highest “Percent Effect” be considered 
the most sensitive species. However, it is silent on 
situations where the results for one or more species 
are “Fail”. The permit should contain clear language 
to address these situations. We recommend that, in 
such cases, the species with the highest percent 
effect is chosen as the most sensitive species.  
 

The species exhibiting the highest “Percent Effect” will be 
considered the most sensitive species.  This is seen as the 
“tiebreaker” when more than one of the three species “Pass” or 
“Fail” during a suite of species sensitivity screening.  For 
clarification purposes, the Regional Water Board suggest the 
following language:   
 

If the result of all three species is “Pass”, then the 
species that exhibits the highest “Percent Effect” at the 
discharge IWC during species sensitivity screening shall 
be used for routine monitoring during the permit cycle.  
Likewise, if two or more species result in “Fail,” then the 
species that exhibits the highest “Percent Effect” at the 
discharge IWC during the suite of species sensitivity 
screening shall be used for routine monitoring during 
the permit cycle, until such time as a re-screening is 
required (24 months later). 
 

Added 
clarifying 
language. 

JOS 24 Page E-12, Section V.A.4  
“Species sensitivity screening shall be conducted 
beginning the first month the permit is in effect. If 
there is no discharge present, the effluent samples 
for the 3-species screening shall be collected from 
the offsite storage ponds near the effluent sampling 
point. The Permittee shall collect a single effluent 
samples and concurrently conduct three toxicity 

The Permittee misquoted the tentative permit. The sentence 
regarding the pond does not appear in the Whittier Narrows 
WRP permit. 
 
The other suggested edits have not been incorporated to be 
consistent with the rest of the permit. Refer to response to 
comment 22 above. 
 

Some 
language 
was 
modified. 
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tests using the fish, an invertebrate, and the alga 
species previously referenced. Thisese samples 
shall also be analyzed for the parameters required 
for the discharge toxicity testing purposes. If the 
result of all three species is “Pass”, then tThe 
species that exhibits the highest “Percent Effect” at 
the discharge IWC during species sensitivity 
screening shall be used for routine monitoring 
during the permit cycle. “ 

 
JOS 
 

25 Comment 7 in JOS cover letter. 
 
A compulsory reopener provision needs to be included 
that will require the Order be reopened and modified to be 
consistent with the requirements and implementation 
provisions incorporated into the State Water Board 
Toxicity Plan. 
 
Page 16, Section VI.C.1.k 

“This Order may will be reopened and modified to 
revise any and all the chronic toxicity testing 
provisions and effluent limitations to incorporate all 
elements contained in the State Water Board 
adopted Toxicity Plan promptly after adoption of 
such Plan to be consistent with State Water Board 
precedential decisions, new policies, a new state-
wide plan, new laws, or new regulations.” 

 

The language was revised as follows: 
 
k. This Order maywill be reopened and modified to revise any 

and all of the chronic toxicity testing provisions and effluent 
limitations and/or total residual chlorine limitations, to the 
extent necessary, to be consistent with be consistent with 
any Toxicity Plan that is subsequently adopted by the 
State Water Board- promptly after USEPA-approval of 
such Plan. 

l. This Order may be reopened and modified to revise 
effluent limitations to the extent necessary to be consistent 
with new policies, a new state-wide plan, new laws, or new 
regulations. 

 

The 
language 
was revised. 

JOS 
 

26 Comment 8 in JOS cover letter. 
 
The effluent limits for lead are incorrect should be based 
on the metals TMDLs for the San Gabriel and Los 
Angeles River watersheds. 

 
To be consistent with previous and current Regional 
Board practices, as well as WQO 2003-0019 which 
applied specifically to the Whittier Narrows WRP, 
the lead limits in the Tentative Permit should be 
revised to be consistent with the WLAs in the metals 

Staff recalculated the lead effluent limitations and revised the 
lead effluent limitation in the permit. 

Revisions 
were made 
to the permit. 
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TMDLs rather than based on reasonable potential to 
violate the CTR. 
 
Specifically, lead effluent limits for Discharge Point 
001 should be based solely on the San Gabriel 
River Metals TMDL. For lead, this TMDL specifies a 
wet weather lead WLA of 166 ug/L, per Table 6-2 on 
page 38 of the San Gabriel River Metals TMDL. To 
translate the WLA to an effluent limit, the 
recommended implementation procedures in 
Section 7.2 on page 46 of the TMDL should be 
used. These procedures specify that, "...Wet-
weather WLAs will not be used to determine 
monthly permit limits but will only be used in a 
determination of a daily limit." Therefore, a daily 
maximum wet weather limit consistent with a WLA 
of 166 ug/L should be set for Discharge Point 001.  
 
Lead effluent limits for Discharge Points 002, 003, 
and 004 should be set based on the WLAs in the LA 
River Metals TMDL. This TMDL specifies a wet 
weather WLA of 62 ug/L.  
 

JOS 
 

27 Comment 9 in JOS cover letter. 
 
Storm water requirements regarding oil and oily materials 
should not be included in the NPDES permit to avoid 
conflict with the general industrial storm water permit. 
 

Section VI.A.2.l of the Tentative Permit states, "Oil 
or oily material, chemicals, refuse, or other polluting 
materials shall not be stored or deposited in areas 
where they may be picked up by rainfall and carried 
off of the property and/or discharged to surface 
waters. Any such spill of such materials shall be 
contained and removed immediately."               

 

The language was revised as requested. The 
language 
was deleted. 

JOS 
 

28 Comment 10 in JOS cover letter. 
 

The proposed permit includes monitoring the for PCBs as 
aroclors and PCBs as congeners.  As stated in the proposed 

Revisions 
were made 
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The requirement for PCB congener analysis of influent, 
effluent, and receiving waters using method EPA 1668c 
should be deleted. 
 

Footnote 3 on page E-7, Footnote 15 on page E-11, 
and Footnote 23 on page E-18 state:  "Priority 
pollutants are those constituents referred to in 40 
CFR part 401.15; a list of these pollutants is 
provided as Appendix A to 40 CFR part 423. PCB 
as arochlors shall be analyzed using method EPA 
608 and PCB as congeners shall be analyzed using 
method EPA 1668c." 

 

permit, USEPA recommends that until USEPA proposed 
method 1668c for PCBs is incorporated into 40 CFR 136, 
Permittees should use for discharge monitoring reports/State 
monitoring reports: (1) USEPA method 608 for monitoring data, 
reported as aroclor results, that will be used for assessing 
compliance with WQBELs (if applicable), and (2) USEPA 
proposed method 1668c for monitoring data, reported as 41 
congener results, that will be used for informational purposes. 
 
USEPA Method 608 yields relatively high detection limits when 
aroclors are analyzed. Due to the high detection limits, method 
608 was not able to quantify the actual results at low 
concentration. In order to provide the data gap at the low range 
concentration, USEPA Method 1668c will be used because this 
method will provide a much lower detection limits. Lower 
concentrations that we have not detected when analyzed by 
method 608 will now be detected and quantified using method 
1668c. 
 
Staff recognized that the cost associated with PCB monitoring is 
significant. To address this issue, staff have reduced the 
monitoring frequency from semi-annually to annually. In 
addition, staff have revised the MRP to indicate that if the first 
three annual monitoring results indicate that the analysis using 
the method 1668c do not exceed the water quality criteria for 
aroclors, the Permittee can request to the Regional Water Board 
to remove the monitoring requirements for congeners using 
method 1668c. 
 

to the permit. 

JOS 
 

29 Comment 11 in JOS cover letter. 
 
Clarification of spill reporting requirements is requested. 
 
The Sanitation Districts requests that this language be 
removed. 

Section VI.C.6.a.iii.(f) of the Tentative Permit 
requires the Permittee to provide to the Regional 
Board “a certification that the State Office of 
Emergency Services [Cal OES or OES, formerly Cal 

The language was deleted. Revisions 
were made 
to the permit. 
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EMA] and the local health officer or directors of 
environmental health with jurisdiction over the 
affected water bodies have been notified of the 
discharge.” 

 
JOS 30 Comment 12 in JOS cover letter. 

 
San Gabriel River wet-weather flow monitoring data 
should be obtained from USGS Gauge Station No. 
11087020, not Station No. 1108500. 
 

Footnote 2 on Table 4 (page 6), the last row in 
Table E-1 (page E-5), Footnote 5 on Table F-9 
(page F-49), Section VIII.C.1 (page E-19), and 
Section IV.C.4.b (page F-45), erroneously identify 
the USGS gauge station to determine wet or dry 
conditions for the San Gabriel Rivers Metals TMDL 
as Station No. “1108500”.   

 
 
 

Upon verification by the staff, the flow monitoring shall be 
conducted at station 11087020.The Fact Sheet was revised to 
point out the corrections made and the rationale for choosing 
Station 11087020 over Station No. 1108500. 

Revisions 
were made 
to the permit. 

 
Comments received (as Attachment A) from Joint Outfall System on October 10, 2014 

(General/Legal Comments on Toxicity-Related Provisions) 
 

JOS A-1 The chronic toxicity limits are premature until the State 
Water Board adopts its promised statewide toxicity policy. 
 
 

See Response to comment S1. 
 
The commenter cites two State Water Board orders in addition 
to 2003-0012 (Los Coyotes) for the proposition that State Water 
Board orders mandate a narrative toxicity limit for discharges 
from POTWs to inland surface waters (the commenter also cites 
2003-0013, which was not a precedential order).  WQ 2008-08 
(City of Davis) and WQ 2012-001 (City of Lodi) are not 
controlling of the Regional Water Board’s decision to include 
numeric toxicity limits in this permit.  Although the State Water 
Board did not order the Central Valley Regional Water Board to 
include numeric effluent limitations in the two orders referenced 
above, in both cases, the Central Valley Regional Water Board 
concluded that numeric effluent limitations for chronic toxicity 
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should not be included in the permits.  The State Water Board 
merely upheld the decision of the regional board to not include 
numeric limits. In contrast, here, the regional board has 
determined that numeric limitations are both appropriate and 
feasible. Furthermore, the permits at issue in City of Davis and 
City of Lodi included numeric acute toxicity effluent limitations.  
The permits at issue here, do not include separate effluent 
limitations for acute toxicity. 
 
As a general canon of interpretation, the language of State 
Water Board precedential orders should be interpreted in a 
manner that complies with applicable law. If an order may be 
reasonably interpreted either in a manner that complies with 
federal law or in a manner that conflicts with federal law, the 
interpretation that complies with applicable federal law prevails. 
 

JOS A-2 The chronic toxicity requirements improperly require use 
of an unpromulgated test method. 
 

a) The Test of Significant Toxicity (TST) without 
inclusion of a concentration-response evaluation 
is not a promulgated Part 136 Method. 
The 2002 methods make it very clear in several 
places that a multi-concentration test design 
with dose response evaluation is required. 
Several examples are as follows: 
 
1. “The tests recommended for use in 

determining discharge permit compliance in 
the NPDES program are multi-
concentration, or definitive, tests which 
provide (1) a point estimate of effluent 
toxicity in terms of an IC25, IC50, or LC50, 
or (2) a no-observed-effect-concentration 
(NOEC) defined in terms of mortality, 
growth, reproduction, and/or teratogenicity 
and obtained by hypothesis testing” 
(Section 8.10.1). 

2. The concentration-response relationship 

Refer to response to comment 1 
 
The Regional Water Board agrees that the 2002 Chronic 
Toxicity Test Method requires concentration-response 
relationships of multi-concentration bioassay data: “The 
concentration-response relationship generated for each multi-
concentration test must be reviewed to ensure that calculated 
test results are interpreted appropriately … All WET test results 
(from multi-concentration tests) reported under the NPDES 
program should be reviewed and reported according to USEPA 
guidance on the evaluation of concentration-response 
relationship (USEPA, 2000a).”  (Chronic WET Testing Method, 
October 2002, 10.2.6.2.) 
 
The Test of Significant Toxicity is an alternate approach to 
statistical analysis of two-concentration WET test data.  Section 
9.4.1.2 of the EPA test method (Short-term Methods, October 
2002) recognizes that “the statistical methods recommended in 
the manual are not the only possible methods of statistical 
analysis.”  USEPA approved the use of a two-concentration test 
for whole effluent toxicity testing, and found that use of the two-
concentration test evaluated using the TST is an acceptable 
equivalent under the ATP process to the five-concentration test 
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generated for each multi-concentration test 
must be reviewed to ensure that calculated 
test results are interpreted appropriately” 
(Section 10.2.6.2) 

3. “Tables 1, 3, and 4 (labeled as 3)5 - 
SUMMARY OF TEST CONDITIONS AND 
TEST ACCEPTABILITY CRITERIA WITH 
EFFLUENTS AND RECEIVING WATERS 
(TEST METHODS 1000.0, 1002.0, AND 
1003.0): Test concentrations: Effluents: 5 
and a control (required minimum) Receiving 
Water: 100% receiving water (or minimum 
of 5) and a control (recommended)” 

 
b) USEPA’s March 17, 2014 Alternative Test 

Procedure approval was unlawful. 
 
c) Use of an ATP Cannot Be Mandated over 

Promulgated Methods. 
 
d) EPA Guidance cannot Overrule Promulgated 

Regulations. 
 

evaluated using NOEC-LOEC hypothesis testing recommended 
in 40 CFR section 136.3.  The concentration-response 
relationships required by the approved method apply only to 
multi-concentration tests, and therefore are not required or 
applicable when using the two-concentration test evaluated with 
the TST. 

 
The commenter alleges that the Regional Water Board’s use of 
the TST contradicts USEPA’s June 18, 2010 USEPA 
Headquarters memo, which was submitted as Exhibit 13.  
However, the introductory paragraph endorses use of the TST 
as "an additional recommended statistical approach for 
analyzing WET test data used for whole effluent toxicity (WET) 
reasonable potential determinations and NPDES permit 
compliance.  The analogy to CECs is incorrect, as the memo 
explicitly states that TST may be used for NPDES permit 
compliance.  
 
As the permit specifies, the TST and only two concentrations 
(the IWC and the control) are tested and analyzed for 
compliance purposes.  In the Los Angeles Region, the vast 
majority of its inland waters are effluent-dominated and its 
inland dischargers have not conducted mixing zone studies to 
warrant receiving dilution credits.  Therefore, the IWC 
represents whole effluent, i.e. 100% effluent to be evaluated, 
therefore five-concentration tests are not necessary.  
Consequently, concentration-response relationship do not need 
to be generated. 

 
The Permittee has the option of conducting a multi-
concentration test. However, only the 100% effluent 
concentration and the control will be used for compliance 
determination.   
 
The commenter argues that USEPA’s approval on March 17, 
2014 of a state-wide alternate test procedure to the five-
concentration procedure, was unlawful.  The legality of 
USEPA’s approval is subject to ongoing litigation.  The approval 
is valid and applicable until and unless a court determines 
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otherwise. 
 
USEPA’s approval does not mandate use of the two-
concentration test instead of the five-concentration test 
procedure.  The effect of the approval is that a permitting 
authority may exercise its discretion to determine whether a 
two-concentration or five-concentration test procedure is 
appropriate to determine compliance with NPDES permit 
effluent limitations for toxicity, when using the TST approach.   
 
The commenter notes that USEPA’s 2010 publication regarding 
the TST statistical analysis is guidance and not regulation.  
Similarly, USEPA’s published materials on the point-estimate 
technique and NOEC-LOEC hypothesis testing methods are 
guidance and not required statistical approaches.  The 2002 
Chronic Toxicity Testing Method clarifies that the “statistical 
methods recommended in this manual are not the only possible 
methods of statistical analysis … there are other reasonable 
and defensible methods of statistical analysis for this kind of 
toxicity data.”  (Chronic WET Testing, October 2002, 9.4.1.2.)  
Contrary to the commenter’s allegation, the Regional Board 
does not consider itself bound by USEPA’s 2010 publication.  
The permitting authority has the discretion in this circumstance 
to select the means of statistical analysis that is most 
appropriate in an NPDES permit and therefore required for 
compliance and reporting purposes.   (See 40 CFR §§ 
122.44(d) and 122.43.) 
 

JOS A-3 A maximum daily effluent limit for chronic toxicity is 
impracticable, unlawful, and inappropriate. 
 
 

In January 2010, USEPA prepared a document titled, “EPA 
Regions 8, 9 and 10 Toxicity Training Tool,” which provides 
interpretation on the permit limit expression for chronic toxicity.  
Note, this document was designed to assist permit writers in the 
interpretation of the existing EPA guidelines, regulations and 
methodology.  The document acknowledges that NPDES 
regulations at 40 CFR 122.45(d) require that all permit limits be 
expressed, unless impracticable, as both a Maximum Daily 
Limitation (MDL) and an Average Monthly Limitation (AML) for 
all dischargers other than POTWs, and as an average weekly 
limit (AWL) and AML for POTWs. Following section 5.2.3 of the 
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Technical Support Document (TSD), the use of an AWL is not 
typically appropriate for WET. In lieu of an AWL for POTWs, 
USEPA recommends establishing an MDL for toxic pollutants 
and pollutants in water quality permitting, including WET. This is 
appropriate for multiple reasons. The basis for the average 
weekly requirement for POTWs derives from secondary 
treatment regulations and is not related to the requirement to 
assure achievement of water quality standards. In this case, use 
of an AWL is impracticable to protect water quality standards.  . 
An average weekly requirement comprising up to seven daily 
samples could average out daily peak toxic concentrations for 
WET and therefore, the discharge’s potential for causing acute 
and chronic effects would be missed.  Furthermore, the results 
of the TST approach are expressed as Pass/Fail and therefore 
are not subject to averaging. An average weekly limit is 
therefore impracticable. 
 
In addition, the acute toxicity limitation that existed in the 2009 
NPDES Order to account for acute effects was not included in 
the 2014 tentative Order because the chronic toxicity limitation 
was more stringent.  The maximum daily effluent limit is 
intended to protect the aquatic life beneficial uses from survival 
and sublethal effects that may not be detected by an average 
weekly limitation.  If the chronic toxicity maximum daily effluent 
limit is removed from the tentative, then a final effluent limitation 
for acute toxicity would need to be added to the 2014 Revised 
Tentative Order to protect the water quality standard as well as 
corresponding effluent and receiving water monitoring for acute 
toxicity.  Additionally, this approach would not protect against 
high magnitude sublethal effects in a chronic test; meaning it 
would not be protective of both acute and chronic effects. 
 

JOS A-4 USEPA’s objections were misplaced and should have 
been ignored. 
 

a) The pre-public notice draft permit contained a 
valid and enforceable chronic toxicity effluent 
limitation. 

 

The pre-public notice draft permit did not contain a valid chronic 
toxicity effluent limitation as required by the Clean Water Act.  
 
Whole effluent toxicity (whether chronic or acute) is the 
aggregate toxic effect of an effluent measured directly by an 
aquatic toxicity test.  Because it is both measured and defined 
by the WET test, it is a method-defined analyte.  (Edison Elec. 
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b) The proposed narrative effluent limits and 
supplemental numeric triggers are consistent 
with binding State Water Board precedent. 

 
c) USEPA’s statements regarding the need for 

numeric limits are mistaken. 
 

d) Binding case law goes against USEPA’s 
interpretations. 

 
i. Section 122.44(k)(3) does not apply where 

the permit contains WQBELs. 
 
ii. If Section 122.44(k) applies, there is no 

requirement that numeric effluent limitations 
be infeasible to calculate. 

 
iii. The State Water Board has held that 

numeric limits for chronic toxicity are not 
feasible or appropriate. 

 
e) USEPA ignores the existence of 40 CFR 

122.44(k)(4). 
 

Institute v. USEPA, 391 F.3d 1267, 1270 (D.C. Cir. 2004); 40 
CFR § 136.6(a)(5))   
 
An effluent limitation for whole effluent toxicity must be stated in 
terms of the results of a whole effluent toxicity test, by definition.  
The Clean Water Act defines “effluent limitation” broadly, as 
“any restriction … on the quantities, rates and concentrations of 
chemical, physical, biological, and other constituents which are 
discharged from point sources into navigable waters … 
including schedules of compliance.”  (CWA § 502(11).)   But a 
narrative toxicity “limit” fails to answer the question of how “no 
chronic toxicity” is to be translated into particular test results.  
The narrative prohibition is not a valid effluent limitation under 
the Clean Water Act because it is inoperable and does not 
function as a restriction on the discharge.  The narrative 
prohibition is insufficient to achieve and maintain the water 
quality standard in the receiving water because it is not a limit 
that can be measured or enforced.   
 
The Clean Water Act and its implementing regulations also 
require that effluent limitations be expressed numerically unless 
a numeric limit is not feasible.  Because numeric limits for whole 
effluent toxicity expressed in terms of the whole effluent toxicity 
test are feasible for the discharges from the Pomona and 
Whittier Narrows WTPs, numeric limits are required. 
 
Regulations implementing the Clean Water Act establish a 
strong presumption that effluent limitations will be numeric. For 
example, the regulations assume that effluent limitations will be 
capable of expression as averages or maxima (see 40 C.F.R. § 
122.45(d) (requiring all permit effluent limitations for continuous 
discharges from POTWs, “shall unless impracticable be stated 
as … average weekly and average monthly discharge 
limitations); 40 C.F.R. § 122.45(f)  (“All pollutants limited in 
permits shall have limitations, standards, or prohibitions 
expressed in terms of mass …).)  
 
40 C.F.R. § 122.44(k)(3) requires non-numeric effluent 
limitations in the form of best management practices (BMPs) if 
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numeric effluent limitations are infeasible. The necessary 
implication from this provision is that numeric effluent limitations 
are always required, if feasible (in which case, best 
management practices are merely optional elements of the 
permit.)  The only alternate reading of this provision would 
conclude that in cases where numeric limitations are feasible 
but not actually incorporated into a particular permit, BMPs are 
not necessary.  This reading is illogical.   
 
Courts have recognized that the CWA allows non-numeric 
effluent limitations instead of numeric limits in those instances 
where numeric limits are infeasible.  “When numerical effluent 
limitations are infeasible, EPA may issue permits with conditions 
designed to reduce the level of effluent discharges to 
acceptable levels.” (NRDC v. Costle, 568 F.2d 1369, 1380 (D.C. 
Cir. 1977); see also, Citizens Coal Council v. EPA, 447 F.3d 
879, 895-96 (6th Cir. 2006) (upholding EPA's coal remining 
effluent limitation guidelines that incorporate BMPs where 
numeric effluent limitations are not feasible).) Stormwater 
discharges are the most common circumstance in which 
numeric limits are found to be infeasible, given the intermittent 
and variable nature of stormwater discharges and the lack of 
necessary data on which to base numeric limits. But the 
examples are few outside of the stormwater context, such as 
drainage from coal remining and placer mining operations, and 
certain vessel discharges. [67 Fed. Reg. 3370-01; 61 Fed. Reg. 
3403-02; 73 Fed. Reg. 34296-01.] 
 
This Regional Water Board has determined that numeric 
effluent limitations for chronic toxicity are feasible for discharges 
from the Pomona and Whittier Narrows WTPs.  See response to 
comment S1 for information regarding other examples in which 
numeric effluent limitations for chronic toxicity have been found 
feasible and have been implemented. 
  

JOS A-5 Numeric effluent limitations for chronic toxicity remain 
inappropriate. 
 
 

The permit includes numeric chronic toxicity effluent limitations 
because the effluent data showed that there is reasonable 
potential for the pollutants to be present in the discharge at 
levels that would cause or contribute to a violation of the water 
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quality standards. 
 
The narrative toxicity effluent limits with prescriptive accelerated 
monitoring and toxicity reduction evaluation triggers that have 
been used in NPDES permits in this Region have not 
adequately addressed how to achieve and maintain compliance 
with the water quality standard for chronic toxicity in the San 
Gabriel River and its tributaries.   
 
Numeric toxicity effluent limitations are an efficient regulatory 
tool because the measurement of compliance is clearly defined. 
Because of the availability of toxicity testing methods and 
applicable USEPA guidance endorsing these methods, the 
Regional Water Board finds that numeric effluent limits for 
toxicity are both feasible and appropriate to protect water quality 
standards.   
 
The Regional Water Board agrees that an important step to 
achieving compliance with a Whole Effluent Toxicity (WET) 
water quality standard is a toxicity reduction evaluation to 
identify the constituents of concern. But a numeric effluent limit 
will prompt proactive efforts by permittees to comply with the 
limitation and address toxicity in advance of violations that may 
impact aquatic life.  This Order also requires the discharger to 
conduct the Toxicity Identification Evaluation (TIE)/Toxicity 
Reduction Evaluation (TRE) process if the numeric effluent limit 
is exceeded. 
 
USEPA’s decision to include the WET testing methods as 
approved test methods under 40 CFR Part 136 was upheld by 
the United States Court of Appeals for the D.C. Circuit in Edison 
Electric Institute v. USEPA, 391 F.3d 1267 (2004) (Edison 
Electric).  The Court found that “[i]n designing and refining the 
WET test methods, EPA sought to minimize the effect of organic 
idiosyncracy by taking experimental and statistical 
precautions…  WET test methods exhibit a degree of precision 
compatible with numerous chemical-specific tests already in 
use.” (Id. at 1269 & 1271.)  With respect to the 
representativeness of WET test methods, that is, the ability of 
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test results to predict instream effects accurately, the Court 
concluded that studies on the subject “support the 
representativeness of the WET test methods in general, and 
several [studies] demonstrate representativeness with regard to 
particular Western waters.”  (Id. at 1273.)   
 
The TST statistical approach for use in the statistical analysis of 
WET test data was peer reviewed by the State of California.  
Additionally, the TST approach was also published in 
Environmental Toxicology and Chemistry (Denton et al. 2011), 
undergoing review by anonymous reviewers. Data from over 
2,000 WET tests were used to develop and evaluate the TST 
approach.   The TST was tested for nine different WET test 
methods with 12 biological endpoints (e.g., reproduction, 
growth, survival) representing most, if not all of the different 
types of WET test designs currently in use.  Over one million 
computer simulations were also used to select error rates 
meeting EPA’s RMDs (Regulatory Management Decisions) for 
the TST approach.  In addition, the State Water Resources 
Control Board conducted a test drive analysis of the TST as 
compared to the current NOEC approach, and reported the 
results in a report dated December, 2011 and published in 
Environmental Toxicology and Chemistry (Diamond et al. 2013), 
undergoing review by anonymous reviewers. 
 

JOS A-6 Numeric limits based on a two-concentration TST are 
highly problematic. 
 
 

The TST statistical approach is desirable over the status quo.  
In the executive summary (at page vii, Exhibit 3 page 426 of 
1898) of USEPA’s NPDES Test of Significant Toxicity 
Implementation Document (EPA 833-R-10-003, June 10), 
USEPA states that “The traditional hypothesis testing approach 
under EPA’s TSD is still considered valid as applied; however, 
that approach can now be advanced through the TST approach 
by providing new incentives to permittees to provide valid, high 
quality WET data.”  
 
Section 1.2 of USEPA’s NPDES Test of Significant Toxicity 
Implementation Document-June 2010 (at page 4, Exhibit 3 page 
436 of 1898), explains that “the current NPDES WET Program 
does not control for false negatives. Thus, the TST approach 
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allows permitting authorities to minimize the occurrence of false 
negatives (i.e., declaring the IWC non-toxic when it is actually 
exhibiting unacceptable toxicity), while also minimizing the 
occurrence of false positives (i.e., declaring the IWC toxic when 
it is actually acceptable). The TST approach has the added 
advantage of providing permittees with a clear incentive to 
improve the precision of test results (e.g., decrease within-test 
variability and/or use more replicates within a WET test than the 
minimum required in the EPA WET test method) to reach a 
definitive conclusion as to whether unacceptable toxicity is 
observed in a test. Thus, using the TST approach, a permittee 
can in fact prove a negative, i.e., that their effluent is acceptable 
(non-toxic).” 
 
The two-concentration toxicity test design was evaluated for 
use, when using the TST was approved by USEPA (Exhibit 10 
page 879 of 1898), for use by the State Water Board and its 
Regional Water Boards, as an acceptable equivalent under the 
Alternative Test Procedure (ATP) (40 CFR 136.5) to the five-
concentration test design evaluated using the NOEC-LOEC 
statistical approach. Moreover, this Regional Water Board 
exercised its discretion as the permitting authority to select the 
TST as the most appropriate statistical approach to evaluate 
toxicity because of advantages over the traditional five-
concentration test design. The need to  examine  the 
concentration-response relationship was designed to evaluate 
the data from multiple concentration WET tests when using the 
NOEC-LOEC and EC25 endpoints.  This data review step was 
designed to assist with the more complex interpretation of these 
approaches.  The use of the multi concentration test design 
when using the TST is not necessary nor required for this 
approach.  In fact, the review of the concentration-response 
relationship when using the TST provides no information to 
assist in the interpretation of the results Since the objective of 
the TST test is to determine whether the 100% effluent is toxic 
or not toxic, reviewing the test data of other concentrations is 
not relevant. 
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Comments received (as Attachment B) from Joint Outfall System on October 10, 2014 

(Specific Citations from USEPA’s Promulgated Freshwater Chronic Method Manual (EPA-821-R-02-013)) 
 

JOS B-1 “Use of pass/fail tests consisting of a single effluent 
concentration (e.g., the receiving water concentration or 
RWC) and a control is not recommended.”7 

 
7 Short-Term Methods for Estimating the Chronic 
Toxicity of Effluent and Receiving Water to 
Freshwater Organisms, Fourth Ed., EPA-821-R-02-
013. October 2002. Section 2.2.3. 

Section 2.2.1 which precedes 2.2.3 (Short-term Methods, 
October 2002) reads: 
“The selection of the test type will depend on the NPDES 
permit requirements (emphasis added), the objectives of the 
test, the available resources, the requirements of the test 
organisms, and effluent characteristics such as fluctuations in 
effluent toxicity.”  Since the toxicity requirements are expressed 
in terms of Pass/Fail, multi-concentrations are not required. 
 
Section 2.2.2 of the test method reads “Effluent chronic toxicity 
is generally measured (emphasis added) using a multi-
concentration, or definitive test, consisting of a control and a 
minimum of five effluent concentrations.”  “Generally” does not 
imply all the time.  Moreover, acute toxicity testing has primarily 
used the two-concentration test (a control versus 100% effluent) 
evaluated with a standard t-test hypothesis testing approach for 
several decades. 
 

None 
necessary. 

JOS B-2 “The tests recommended for use in determining discharge 
permit compliance in the NPDES program are multi-
concentration, or definitive, tests which provide (1) a point 
estimate of effluent toxicity in terms of an IC25, IC50, or 
LC50, or (2) a no-observed-effect-concentration (NOEC) 
defined in terms of mortality, growth, reproduction, and/or 
teratogenicity and obtained by hypothesis testing.”8 

 
8 Short-Term Methods for Estimating the Chronic 
Toxicity of Effluent and Receiving Water to 
Freshwater Organisms, Fourth Ed., EPA-821-R-02-
013. October 2002. Section 8.10.1. 

Refer to response to comment A-2.  

JOS B-3 “The concentration-response relationship generated for 
each multi-concentration test must be reviewed to ensure 
that calculated test results are interpreted appropriately.”9 

 

Refer to response to comment A-2.  
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9 Short-Term Methods for Estimating the Chronic 
Toxicity of Effluent and Receiving Water to 
Freshwater Organisms, Fourth Ed., EPA-821-R-02-
013. October 2002. Section 10.2.6.2. 

JOS B-4 “Tables 1, 3, and 4 (labeled as 3) - SUMMARY OF TEST 
CONDITIONS AND TEST ACCEPTABILITY CRITERIA 
WITH EFFLUENTS AND RECEIVING WATERS (TEST 
METHODS 1000.0, 1002.0, AND 1003.0): 
 
Test concentrations: 
Effluents: 5 and a control (required minimum) 
Receiving Water: 100% receiving water (or minimum of 5) 
and a control (recommended)”10 

 
10 Short-Term Methods for Estimating the Chronic 
Toxicity of Effluent and Receiving Water to 
Freshwater Organisms, Fourth Ed., EPA-821-R-02-
013. October 2002. Tables 1, 3, and 4 (labeled as 3) 
on pages 76, 165, and 211. 

Refer to response to comment A-2.  

 
Comments received (as Attachment D) from Joint Outfall System on October 10, 2014 

(General Technical Comments) 
 
JOS D-1 Page 6, Table 4. Lead limits for Discharge 001 (San 

Gabriel River) 
 
Per page F-46 of the Fact Sheet, lead concentrations did 
not exceed water quality criteria. Therefore, lead limits for 
Discharge 001 should be based solely on the San Gabriel 
River (SGR) Metals TMDL. This TMDL specifies a wet 
weather WLA of 166 ug/L, per San Gabriel River Metals 
TMDL Table 6-2 on pg. 38.  Using SIP procedures, the 
daily maximum limit for lead should be set at 166 ug/L. 
Also, the monthly average limit for lead should be deleted 
because per Section 7.2 (pg. 46) of the TMDL "...Wet-
weather WLAs will not be used to determine monthly 
permit limits but will only be used in a determination of a 
daily limit." 

Staff recalculated the lead effluent limitations and revised the 
lead effluent limitation in the permit. 

Revisions 
were made 
to the permit 
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JOS D-2 Table 4, Footnote 2, as well as page E-5, Table E-1; page 

E-19, Section VIII.C.1; page F-45, Section IV.C.4.b; and 
page F-49, Table F-9, Footnote 5.  
 
The SGR Metals TMDL states: "In San Gabriel River 
Reach 2, wet-weather TMDLs apply when the maximum 
daily flow in the river is equal to or greater than 260 cfs as 
measured at USGS station 11085000, located at the 
bottom of Reach 3 just above the Whittier Narrows Dam".  
However, USGS station 11085000 is actually located 
below Santa Fe Dam in Baldwin Park. The USGS flow 
gauging station above Whittier Narrows Dam in Reach 3 
is 11087020. All references to this USGS gauging station 
(RSW-008) should use USGS station number 11087020. 
 

Please see staff response to Comment 30. 
 

Revisions 
were made 
to the permit. 

JOS D-3 Page 8, Table 5. Lead limits for Discharge 002, 003, and 
004 (Rio Hondo) 
 
Per page F-46 of the Fact Sheet, lead concentrations did 
not exceed water quality criteria. Therefore, lead limits for 
Discharges 002, 003, and 004 should be based solely on 
the LA River Metals TMDL. This TMDL specifies a wet 
weather WLA of 62 ug/L. SIP procedures should be used 
to calculate effluent limits from this WLA. 
 

Staff recalculated the lead effluent limitations and revised the 
lead effluent limitation in the permit. 

Revisions 
were made 
to the permit. 

JOS D-4 Page 11, section V.B.1 
 
State laws do not prevent any degradation of groundwater 
but rather only prevent degradation that is inconsistent 
with State Board Resolution No. 68-16. The language 
needs to be changed to reflect this. The suggested 
change is:    "The discharge shall not cause the 
underlying groundwater to be degraded except as 
consistent with State Board Resolution No. 68-18, exceed 
WQOs, ..." 
 

Staff agreed to change the language as proposed by the 
Permittee. 

Revisions 
were made 
to the permit. 

JOS D-5 Page 12, section VI.A.2.l 
Delete this sub-section in its entirety because this 

Please see staff response to Comment 27. 
 

Revisions 
were made 
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requirement is already covered by the general permit for 
storm water discharges associated with industrial 
activities, where the Whittier Narrows WRP is enrolled 
under WDID No. 4 19I007151. 
 

       to the permit. 

JOS D-6 Page 15, section VI.C.1 
 
The Whittier Narrows WRP discharges to receiving waters 
that have a GWR (groundwater recharge) beneficial use, 
to protect the quality of underlying groundwater. Although 
the tentative permit does not contain Title 22-based 
effluent limitations as a result of the GWR use, future 
permits may contain such limits. If so, it would be 
appropriate to consider attenuation and dilution in setting 
the end-of-pipe limits. State Board precedential order 
WQO 2003-0009 addressed this issue, stating that "Since 
groundwater recharge and use are long-term activities, 
the Regional Board could reasonably consider dilution 
and attenuation ... in developing effluent limits to protect 
the GWR use." We would like to ensure that the option of 
submitting studies to obtain credit for attenuation and 
dilution is appropriately preserved for the future. 
Therefore, we request that the following reopener be 
added to the permit: "Upon the request of the Discharger, 
the Regional Water Board will evaluate future studies 
conducted to evaluate the appropriateness of utilizing 
dilution credits and/or attenuation factors demonstrated to 
be appropriate and protective of the GWR beneficial use, 
on a pollutant-by-pollutant basis. Following this 
evaluation, this Order may be reopened to modify final 
effluent limitations, if at the conclusion of necessary 
studies conducted by the Discharger, the Regional Water 
Board determines that dilution credits, attenuation factors, 
or metal translators are warranted." 
 

Staff agreed to add the suggested reopener language as 
proposed by the Permittee, with a minor revision to exchange 
“Discharger” with “Permittee”. 

Revisions 
were made 
to the permit. 

JOS D-7 Pages 21-22, section VI.C.6.a.ii, section VI.C.6.a.iii, and 
section VI.C.6.c.i 
On July 1, 2013, Cal EMA changed its name to the 
California Office of Emergency Services (OES). 

Staff replaced Cal EMA with OES throughout the permit. Revisions 
were made 
to the permit. 
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References to Cal EMA should be changed to references 
to OES. 
 

JOS D-8 Page 21, section VI.C.6.a.iii, (f) 
 
This language requiring a certification statement should 
be removed.  Such a certification was required within 24 
hours under the Statewide General Waste Discharge 
Requirements for Sanitary Sewer Systems (SSS WDR) 
amendments Order No. WQ 2008-002-EXEC, but was 
removed from the SSS WDR when it was updated and 
streamlined in 2013 per Order No. WQ 2013-0058-EXEC. 
No justification has been provided for inclusion of the 
certification requirement, and it is not clear how the 
Regional Board would use the information. Additionally, it 
is not clear under which circumstances such a certification 
would be required, since OES is not required to be 
notified of certain smaller spills, and since Regional Board 
notification is not required when the health department 
and OES have been notified. It is also not clear when the 
certification would have to be submitted. The SSS WDR 
required the notification within 24 hours, but no time frame 
is specified in the permit. Unnecessary notification 
requirements complicate spill response and should not be 
included in the permit. 
 

Staff agreed to remove the following language from the permit: 
 
"A certification that the State Office of Emergency Services and 
the local health officer or directors of environmental health with 
jurisdiction over the affected water bodies have been notified of 
the discharge." 

Revisions 
were made 
to the permit. 
 
 

JOS D-9 Page 22, Spill Reporting Requirements, section VI.C.6.b.i 
(Monitoring) 
 
Analyses are shown as being required for total coliform, 
fecal coliform, AND E.coli (if fecal coliform is positive), 
enterococcus and relevant pollutants of concern. The 
current permit language says fecal coliform OR E.coli. 
Because fecal coliform is typically present in all receiving 
waters at detectable concentrations, this change would 
require us to run E. coli on all spills. Running both fecal 
coliform and E. coli tests would be redundant and would 
not provide any additional information. We therefore 
request that the Regional Board change the language 

Staff made revisions to duplicate the previous permit’s language 
regarding spills monitoring. 
 
 

Revisions 
were made 
to the permit. 
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back to the language in the previous permit, allowing 
analysis for fecal coliform OR E. coli. 
 

JOS D-10 Page E-4, Table E-1, EFF-001 
 
Plant modifications (planned to take place in 2015) are 
anticipated to allow NPDES effluent to be separated from 
reuse flow immediately downstream of the final 
disinfection process.  After UV disinfection, NPDES 
effluent will be directed to river discharge while reuse flow 
will be stored in effluent storage tanks (tanks that were 
previously used as chlorine contact tanks and which now 
serve as a water storage reservoir for the reuse pump 
station) until reuse demand activates the pump station 
and stored effluent is pumped for distribution to reuse 
customers. To avoid any potential impact caused by reuse 
water storage and to obtain NPDES effluent samples 
representative of effluent bacterial quality, monitoring for 
E. coli, fecal coliform and total coliform should be 
conducted immediately downstream of the UV disinfection 
and upstream of the effluent storage tanks. Demand for 
reuse flow at the Whittier Narrows WRP is at levels such 
that reuse pumping is intermittent and there is always 
effluent water available for sampling after the 
dechlorination process.  The following change is 
requested:  "The effluent sampling station shall be located 
downstream of any in-plant return flows and after the final 
disinfection process, where representative samples of the 
effluent can be obtained. However, if the recycled water 
demand is high and there is no effluent water available for 
sampling after the dechlorination process, then the 
effluent sample may be collected after the chlorination 
process, but before the dechlorination step.   E. coli, fecal 
coliform and total coliform sampling shall be conducted 
immediately downstream of the UV disinfection process. 
All other effluent sampling shall be conducted 
downstream of the dechlorination process and inside the 
plant.” 
 

Staff agreed to revise the description of the effluent sampling 
location to reflect the current plant condition. The suggested 
language by the Permittee was incorporated into Table E-1. 
 

Revisions 
were made 
to the permit. 



Page 36 of 55 
October 24, 2014 

Commenter # Comment Response Action 
Taken 

JOS D-11 Page E-5, Table E-1 
 
We request that a statement be added to the RSW-007 
and RSW-008 descriptions saying, "This gaging station is 
operated and maintained by the USGS." The purpose of 
this statement is to clarify that the Sanitation Districts are 
not responsible for the operation or maintenance of these 
stations. 
 
 

Staff agreed to add the suggested language to clarify that 
USGS is responsible for operating and maintaining the gauging 
station. 

Revisions 
were made 
to the permit. 

JOS D-12 Page E-7, Table E-2, Remaining USEPA priority 
pollutants 
 
Chromium VI is not a USEPA priority pollutant.  The 
USEPA priority pollutant list only includes "Chromium", 
which refers to total chromium.  The reference to sample 
type for chromium VI should be deleted from this part of 
the table, as follows:  "24-hour composite/grab for VOCs, 
and Cyanide., and Chromium VI" 
 

Staff agreed. Revisions 
were made 
to the permit. 
 

JOS D-13 Page E-7, Footnote 3, also page E-11, Footnote 15 and 
page E-18, Footnote 23 
 
This footnote refers to the "remaining USEPA priority 
pollutants", but lists test methods to be used for both 
PCBs as arochlors and PCBs as congeners. The USEPA 
priority pollutant list includes seven specific PCB 
arochlors, but it does not include PCB congeners. PCB 
arochlors are specific chemical mixtures of various PCBs 
congeners. EPA priority pollutant monitoring in the past 
has always been based on arochlors, to be consistent 
with the promulgated priority pollutant list. Therefore, PCB 
congener monitoring should not be required as part of the 
priority pollutant monitoring. Additionally, no justification 
has been provided for the increased monitoring costs that 
would be incurred by PCB congener monitoring. There 
are no PCB water quality impairments in the receiving 
waters downstream of the WRP. The cost for PCB 
congener sampling is $875 per test; adding semiannual 

Please see response to Comment 28. 
 

Revisions 
were made 
to the permit. 
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sampling for the influent, effluent, and six receiving water 
stations would impose an additional cost of $14,000 per 
year for the Whittier Narrows WRP, with no water quality 
benefit. Reference to testing PCBs as congeners should 
be deleted from these footnotes. 
 

JOS D-14 Page E-8, section IV.A.1, Table E-3, in row "Total waste 
flow" and in Footnote 4. 
 
Please change as follows: "Total waste effluent flow" 
 

The “Total waste flow” is consistent with the wordings in the 40 
CFR part 126 to describe the facilities discharges. 
 

None 
necessary. 

JOS D-15 Page E-9, Table E-3, Footnote without number 
 
This text needs to be identified as a continuation of 
Footnote 8 on page E-8 
 

The hanging footnote was reformatted. Revisions 
were made 
to the permit. 
 

JOS D-16 Page E-9, Table E-3, Footnote 9 
 
This footnote needs to be updated as BOD limits are 
AMEL and AWEL now instead of 30-day and 7-day limits. 
The recommended language change is: "If the result of 
the weekly BOD analysis yields a value greater than the 
30-day average limit AMEL, the frequency of analysis 
shall be increased to daily within one week of knowledge 
of the test result for at least 30 days and until compliance 
with the 7-day and 30-day average BOD limits BOD 
AWEL and AMEL are is demonstrated; after which the 
frequency shall revert to weekly." 
 

Staff agreed to the proposed changes. Revisions 
were made 
to the permit. 

JOS D-17 Page E-18-19, section VIII.B.2 
 
Most of the monitoring required in this section is 
duplicative with monitoring required in Table E-5. A note 
should be added to clarify that this is not a duplicative 
requirement in relation to the required monthly sampling in 
Table E-5. 
 

Staff added clarifying language in the MRP section VIII.B.2, to 
indicate that ammonia monitoring is not a duplicative 
requirement. 

Revisions 
were made 
to the permit. 
 

JOS D-18 Page E-20, section IX.A.3.a 
 

In 2008, the State of California’s Surface Water Ambient 
Monitoring Program (SWAMP) recommended that the state 

None 
Necessary. 
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Algal assemblages should not be analyzed as part of this 
monitoring program.  There are no validated methods 
available for interpretation of algal taxonomy results. The 
Southern California Algal IBI is a water quality index and 
does not effectively correspond to biotic integrity at this 
time. In addition, the Southern California reference sites 
are primarily based on mountain streams. An index using 
such a reference site would be expected to greatly 
underestimate the biotic integrity in lower elevation 
streams (which are the types of streams within the 
Sanitation Districts' bioassessment program). Moreover, 
there are site-specific issues such as the frequent 
scraping of the concrete lined channels, non-wadable 
stream reaches, lack of access to stream length, and lack 
of sampling sites bracketing Sanitation Districts' discharge 
outfalls. These site specific concerns all lead to an 
inadequate characterization of the biomass and algal 
assemblages for each specific site. Furthermore, there 
are only three algal taxonomy laboratories in the nation 
that are proficient in following SWAMP Quality Assurance 
and Quality Control standards. The labor costs are equal 
to $170/sample and the identification cost for each sample 
is $1094 making the total cost per sample $1264. This 
would increase the cost of the Districts' bioassessment 
program for the Pomona WRP by an additional $3,791 
annually. This represents a cost increase with no 
apparent benefit.  Algal identification is a tool which is 
better suited for regional monitoring programs in which 
random locations are sampled. The Sanitation Districts 
are currently contributing approximately $430,000 per 
year to a regional monitoring program for the SGR; this 
program includes receiving water algal sampling. Note 
that when the regional monitoring program was 
established, one of the key changes was to move algal 
monitoring from the NPDES permits to the regional 
program.  The following change is requested: "a. The 
bioassessment program shall include an analysis of the 
community structure of the instream macroinvertebrate 
and algal assemblages and physical habitat assessment 

include algae as a component of SWAMP monitoring 
(Incorporating Bioassessment Using Freshwater Algae into 
California’s Surface Water Ambient Monitoring Program 
[SWAMP], Technical Report, 2008).  Since then, algal 
monitoring has been incorporated into many other regional and 
local monitoring programs (including NPDES monitoring and 
reporting programs) by various Regional Water Boards 
throughout the state, including the Los Angeles Regional Water 
Board.  Monitoring for algal biomass and taxonomic composition 
of algal assemblages provides information beyond that which is 
obtainable through bioassessment with benthic 
macroinvertebrates alone.  The addition of an algal component 
to bioassessment monitoring satisfies the USEPA’s 
recommendation to utilize multiple bioindicators, and facilitates 
a “weight of evidence” approach to interpretation of 
biomonitoring results.  The algal Index of Biotic Integrity does 
provide one useful method for the interpretation of the health of 
streams, and continued algal monitoring throughout the state 
should lead to improvement of this index and/or development of 
new indices in the future.  As primary producers, algae are the 
most directly responsive of the common bioindicators to 
nutrients, and can be very valuable in assessing nutrient 
impairments, which is a major problem in streams throughout 
the Los Angeles region.  Algal assemblages also can be 
valuable for diagnosing the cause(s) of many types of 
impairments, such as heavy-metal contamination, organic 
enrichment or siltation.  While algal sampling is very useful for 
regional monitoring programs that rely upon sampling at random 
stations, it can be equally valuable for assessment of ecosystem 
health and trend monitoring at fixed locations to evaluate 
stressors, such as a wastewater discharge.  Any logistical 
issues or other impediments to conducting the required 
bioassessment monitoring generally can be dealt with by 
relocating sampling stations as warranted upon consultation 
with Regional Water Board staff. 
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at monitoring stations RSW-001D, RSW-002D, and RSW-
003D."   
    

JOS D-19 Page E-21, Reporting Requirements, A.5 
 
This language should be changed as follows, to reflect 
current practices: "Each monthly monitoring report shall 
include a determination of compliance with receiving 
water ammonia water quality objectives at either RSW-
002, RSW-003, or and RSW-005, depending on which 
station is downstream of the plant discharge at the time of 
sampling." 
 

Staff agreed to add the suggested language. Revisions 
were made 
to the permit. 

JOS D-20 Page E-23, Discharge Monitoring Reports (DMRs) X.C.1 
to X.C.3. 
 
Electronic submittal of DMRs took effect October 1, 2014. 
Therefore, hard copy DMRs will no longer be submitted. 
 

Staff revised the language in the permit to conform with the 
CIWQS electronic submittal of DMR reports, 

Revisions 
were made 
to the permit. 
 

JOS D-21 Page E-24, Other Reports X.D.1 
 
Typo:  remove "acute and", as there is no acute toxicity 
testing requirements in the permit. 
 

Typo has been corrected. Revisions 
were made 
to the permit. 
 

JOS D-22 Page F-4, Facility Description, Section II.A.1. 
 
Page 20 of the tentative order Section VI.C.5.b.vi states 
that the local limits evaluation is to be submitted "based 
upon the schedule specified in the NPDES Permit issued 
to the JWPCP."  Such report was submitted on 8/22/2012, 
and it included an analysis of whether local limits 
associated with the Whittier Narrows WRP needed to be 
changed. Due to the interconnectedness of the JOS, it is 
not practical to evaluate the need to revise local limits for 
individual treatment plants, rather such an evaluation is 
only appropriate on a system-wide basis. We therefore 
request that the language relating to local limits be 
amended as follows: "However, a re-evaluation will be 
required following this NPDES permit renewal the renewal 

Suggested edit has been incorporated into the permit. Revisions 
were made 
to the permit. 



Page 40 of 55 
October 24, 2014 

Commenter # Comment Response Action 
Taken 

of the NPDES permit issued to the Joint Water Pollution 
Control Plant (JWPCP)." 
 

JOS D-23 Page F-4, Facility Description, Section II.A.2. 
 
This description needs to be updated to more fully reflect 
UV disinfection treatment that has been added to the 
facility. Please change as follows: "Treatment at the 
Whittier Narrows WRP consists of primary sedimentation, 
activated sludge biological treatment with nitrification and 
denitrification, secondary sedimentation, inert media 
filtration, chlorination, and dechlorination and UV 
disinfection. The UV disinfection system has been 
incorporated into a dual barrier disinfection system which 
includes application of chlorine as free chlorine at a very 
low dosage upstream of the UV disinfection to inactivate 
any virus that is not readily susceptible to UV, followed by 
UV disinfection to inactivate any other pathogens that are 
more susceptible to UV. Since effluent that has been 
disinfected using the UV process does not carry residual 
chlorine, a minimal amount of chlorine is added to the UV-
disinfected effluent to provide minimal residual chlorine to 
reclaimed water supplied for direct reuse. Treated 
wastewater that is not conveyed to direct reuse is 
dechlorinated prior to discharge in order to remove any 
chlorine residual. 
 

Staff agreed to incorporate the updated process changes into 
the permit. 

Revisions 
were made 
to the permit. 

JOS D-24 Page F-5, Facility Description, Section II.A.3. 
 
This description needs to be updated to more fully reflect 
UV disinfection treatment that has been added to the 
facility. Please change as follows: "Under normal 
operation conditions, sodium hypochlorite is used only in 
small dosages to supplement the UV disinfection, as part 
of the dual barrier disinfection process described under 
Item 2 above.  Sodium hypochlorite may be The 
disinfecting agent is added to the treated effluent prior to 
the filters to destroy bacteria, pathogens and viruses, and 
to minimize algal growth in the filters, or may be added to 

Staff agreed to incorporate the updated process changes into 
the permit. 

Revisions 
were made 
to the permit. 
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provide minimal residual chlorine to reclaimed water 
supplied for direct reuse.  In the event of bypass or UV 
system failure, the Whittier Narrows WRP may revert to 
using sodium hypochlorite for disinfection whereby 
Additional disinfectant may be dosed prior to the 
serpentine chlorine contact chamber tanks. Prior to 
discharge, sodium bisulfite is added to the treated effluent 
to remove residual chlorine." 
 

JOS D-25 Page F-5, Facility Description, Section II.A.6. 
 
This item can be deleted if the requested changes in 
items A.2 and A.3 are incorporated. 

Staff agreed to delete this subsection. Revisions 
were made 
to the permit. 
 

JOS D-26 Page F-11, Compliance Summary 
 
The summary of the NOV is incorrect. First, one of the 
dates is wrong in the summary. Second, the section of the 
NOV addressing failure to accurately report potentially 
toxic results (i.e., the language stating, "The Permittee 
also failed to accurately report data from toxicity tests that 
should have resulted in its effluent being declared toxic, 
and/or failed to collect a new effluent sample, conduct a 
toxicity test on the new effluent sample, and analyze as 
specified in the permit.") does not apply to the Whittier 
Narrows WRP. There were no instances of these failures 
occurring in relation to toxicity testing at the Whittier 
Narrows WRP. Therefore, the sentence addressing this 
portion of the NOV needs to be deleted. We therefore 
request the following language change to the compliance 
summary: "On June 6, 2014, the Regional Water Board 
issued the Joint Outfall System a Notice of Violation for 
failure to report a valid toxicity test result in September 
2011 (effluent), April 2012 (effluent), February August 
2012 (ambient receiving water), and March 2013 
(effluent). The Permittee also failed to accurately report 
data from toxicity tests that should have resulted in its 
effluent being declared toxic, and/or failed to collect a new 
effluent sample, conduct a toxicity test on the new effluent 
sample, and analyze as specified in the permit. 

Staff corrected the correct month of violation to August 2012 
and the last sentence of the compliance summary was deleted. 

Revisions 
were made 
to the permit. 
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JOS D-27 Page F-20, section III.E.6, Watershed Management 
 
The Los Angeles & San Gabriel Rivers Watershed 
Council is no longer conducting a watershed-wide 
monitoring program.  Therefore, this language needs to 
be updated, as follows: 
"The accompanying Order fosters the implementation of 
this approach by protecting beneficial uses in the 
watershed and requiring the Discharger to participate with 
the Los Angeles and San Gabriel River Watershed 
Council, and other stakeholders, in the development and 
implementation of a watershed-wide monitoring program. 
 

Staff agreed to the suggested changes. Revisions 
were made 
to the permit. 

JOS D-28 Page F-20, Section III.E.6, Watershed Management 
 
The Los Angeles & San Gabriel Rivers Watershed 
Council is no longer conducting the watershed-wide 
monitoring program. Therefore, this language needs to be 
deleted. 
 

Staff agreed to the suggested changes. Revisions 
were made 
to the permit. 
 

JOS D-29 Page F-25, section IV.C.2, Applicable Beneficial Uses and 
Water Quality Criteria and Objectives 
 
Numbering of Subsections e. and f. Typo: Subsections 
should be renumbered as a. and b. 
 

Typo has been corrected. Revisions 
were made 
to the permit. 
 

JOS D-30 Page F-41, Table F-8, Copper 
 
Under the column titled "Reason", on the row for 
"Copper", it says "TMDL WLA". The copper limits are not 
based on the TMDL but rather on the basin plan 
objectives. Delete "TMDL WLA" and replace with "Tier 2, 
B>C, and detected in the effluent." 
 

 
 
Staff agreed to the suggested changes. 

 
 
Revisions 
were made 
to the permit. 
 

JOS D-31 Page F-53, Table F-11. Summary of Chronic Toxicity 
Exceedances 
 
Recommend changing Title to "Table F-11. Summary of 
Chronic Toxicity Data" since no actual examples of 

Staff agreed to the suggested changes. The table title would 
now read: 
 
Table F-11. Summary of Chronic Toxicity Data 

Revisions 
were made 
to the permit. 
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exceedances are provided in the table.  In each case, the 
monthly median TUc of 1.0 was clearly met. 
 

JOS D-32 Page F-53, Table F-11. Summary of Chronic Toxicity 
Exceedances 
 
Table F-11. Incorrect test dates given. Test date 1/17/14 
is incorrect; it should read 1/18/14. Test date 1/22/14 is 
incorrect; it should read 1/23/14. 
 

Staff corrected the test dates as indicated in their comment. Revisions 
were made 
to the permit. 
 

JOS D-33 Page F-54, section IV.D.1 
 
"The effluent limitations for lead and zinc have been 
relaxed based on the San Gabriel River watershed metals 
TMDLs … and the Los Angeles Rivers Metals TMDL…" 
 
The effluent limitations for lead were relaxed based on the 
lack of reasonable potential for exceedances of basin plan 
criteria for lead. The wording in this paragraph needs to 
be updated accordingly. 
 

The quoted statement is factual and a correct statement. None 
necessary. 
 

JOS D-34 Page F-54, section IV.D.1 
 
Typo. Delete the word "pollutant" at the end of the Anti-
backsliding Requirements section. 
 

Staff corrected the typo. Revisions 
were made 
to the permit 

JOS D-35 Page F-58, Table F-14 
 
The basis for the copper limit should be changed from 
"TMDL to "Basin Plan". 
 

Staff added “SIP/CTR”/TMDL to clarify the basis for deriving 
effluent limitation for copper. 

Revisions 
were made 
to the permit. 
 

JOS D-36 Attachment H, page H-3, section B 
 
Page 20 of the tentative order Section VI.C.5.b.vi states 
that the local limits evaluation is to be submitted "based 
upon the schedule specified in the NPDES Permit issued 
to the JWPCP."  Such report was submitted on 8/22/2012, 
and it included an analysis of whether local limits 
associated with the Whittier Narrows WRP needed to be 

Staff inserted “JWPCP” to the specified section. Revisions 
were made 
to the permit 
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changed. Due to the interconnectedness of the JOS, it is 
not practical to evaluate the need to revise local limits for 
individual treatment plants, rather such an evaluation is 
only appropriate on a systemwide basis. We therefore 
request that the Local Limits Evaluation section in 
Attachment H be amended as follows:  "In accordance 
with 40 CFR part 122.44(j)(2)(ii), the POTW shall provide 
a written technical evaluation of the need to revise local 
limits under 40 CFR part 403.5(c)(1) within 180 days of 
issuance or reissuance of the JWPCP NPDES permit."  
 

 
Comments received from Southern California Alliance of Publicly Owned Treatment Works (SCAP),  

California Association of Sanitation Agencies (CASA), and 
Bay Area Clean Water Agencies (BACWA) on October 10, 2014 

 
SCAP, 
CASA, and 
BACWA, 
 

S1 Adoption of Permits with Numeric Effluent Limits for 
Toxicity Is Premature and Contrary to Existing State 
Water Board Precedent 
 
Adoption of a permit that contains numeric effluent limits 
for toxicity and mandates use of the Test of Significant 
Toxicity (TST) in advance of the promulgation of a 
statewide policy on this issue is inappropriate and 
premature. As noted in comments submitted by the 
Sanitation Districts of Los Angeles County (LACSD), the 
current policy in effect for toxicity effluent limitations 
specifies inclusion of narrative effluent limitations with 
triggers for initiation of toxicity identification and reduction 
evaluation (TIE/TRE) procedures, consistent with 
precedential State Water Board Orders WQO 2003-0012 
and WQO 2003-0013. There, the State Water Board 
found that the applicability of final numeric effluent 
limitations in permits for wastewater treatment plants 
discharging to inland waters, bays and estuaries is an 
issue of statewide importance that should be addressed in 
the statewide implementation plan (SIP). The State Water 
Board has been working with stakeholders, U.S. EPA and 
regional water boards to develop revised toxicity 

The Pomona and Whittier Narrows Water Reclamation Plant 
(WRP) tentative National Pollutant Discharge Elimination 
system (NPDES ) permits are written consistent with the 
direction provided by USEPA’s Formal Objection Latter dated 
September 4, 2014, and USEPA’s approval of the two-
concentration test for WET testing evaluated using the TST as 
an acceptable equivalent under the ATP process to the five-
concentration test evaluated using NOEC-LOEC hypothesis 
testing as requested by the State Water Resources Control 
Board.  The Regional Water Board has concluded that the 
numeric effluent limitations for chronic toxicity in these permits 
are required by the Clean Water Act and federal regulations; are 
feasible, appropriate and necessary to maintain the water 
quality standard in the receiving water; and that existing State 
Water Board precedent does not restrict the Board’s authority to 
impose numeric effluent limitations where the Regional Water 
Board has determined that numeric limits are feasible and 
appropriate based on current circumstances and information. 
 
The narrative effluent limits with accelerated monitoring and 
toxicity reduction evaluation triggers that have been used in 
NPDES permits in this Region have not adequately addressed 
toxicity.  The narrative approach is an oversight-driven model 

None 
necessary. 
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provisions for inclusion in a statewide water quality control 
plan through a public process, and release of a revised 
draft is expected soon for public comment. An appropriate 
statewide plan will replace the current patchwork of 
regional water board practices with a consistent and 
standardized approach to toxicity. Adoption of numeric 
effluent limits for toxicity in an individual Regional Board 
permit is thus premature and interferes with a significant 
amount of work being done at the state level. 
SCAP/CASA/BACWA requests that the chronic 
toxicity limits contained in the tentative permits be 
removed and replaced with a narrative chronic 
toxicity limit and triggers, at least until such time as 
there is a comprehensive statewide toxicity plan to 
govern those terms. 
 

that essentially requires the Regional Water Board to manage 
dischargers’ efforts to reduce and control toxicity and lack 
incentives for permittees to address the toxicity in a timely 
manner. 
 
The numeric effluent limitation for chronic toxicity in this Order 
employs the Test of Significant Toxicity (TST), statistical 
approach.  The TST is recommended by the most recent 
USEPA guidance as an appropriate statistical approach for 
toxicity testing.  USEPA, this Regional Board, and other regional 
boards are using the TST to determine compliance with numeric 
effluent limitations for toxicity.  Additional information about and 
the basis for utilizing a TST-based limit is included in the fact 
sheet on pages F-50 and F-64 of the Whittier Narrows WRP 
tentative NPDES Order. 
 
The commenter raises two issues regarding the effluent 
limitation for chronic toxicity.  First, whether the limit should 
serve as a numeric effluent limitation or, rather, as a trigger for 
additional evaluation of toxic constituents in the 
effluent.  Second, whether the TST is the appropriate statistical 
test to determine compliance with the numeric limit, whether that 
limit be a numeric effluent limitation or a trigger for further 
analysis.   
 
This Order must include effluent limitations that will achieve and 
maintain compliance with water quality standards in. the San 
Gabriel River and its tributaries (Clean Water Act § 
301(b)(1)(C); 40 C.F.R. § 122.44(d)).  The Basin Plan for the 
Los Angeles Region includes a narrative water quality standard 
for toxicity that requires all surface waters to “be maintained free 
of toxic substances in concentrations that are toxic.”  Effluent 
limitations in this Order must assure that the discharge will not 
cause or contribute to an exceedance of this standard. 
 
Federal regulations establish an explicit presumption that a 
numeric effluent limit – rather than a non-numeric limit – is 
required by the Clean Water Act to make reasonable further 
progress toward the goal of eliminating pollutants into the 
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nation’s waters.  Non-numeric effluent limits may only replace 
numeric effluent limits in an NPDES permit if a numeric limit is 
“infeasible.”  (40 C.F.R. § 122.44). This presumption applies to 
effluent limitations for toxicity: “A limit on whole effluent toxicity 
refers to a numeric effluent limitation ....” 54 Fed. Reg. 23868, 
23871. Because a numeric limit for chronic toxicity is feasible, a 
numeric limit must be included in this Order.   
 
The State Water Board has declined to make a determination 
regarding the propriety (and feasibility) of numeric effluent 
limitations for chronic toxicity. (See WQ Orders 2003-0012 and 
2003-0013).  The State Water Board declared in the 2003 
Orders that the issue would be better addressed through a 
modification to the Policy for Implementation of Toxics 
Standards for Inland Surface Waters, Enclosed Bays, and 
Estuaries of California (State Implementation Policy or 
SIP).  The State Water Board replaced the numeric effluent 
limits for toxicity in the permits at issue with narrative effluent 
limits (i.e., a series of actions performed by the permittee 
intended to address effluent toxicity), with the expectation that 
the SIP would soon be modified.  More than ten years and two 
NPDES permit cycles have since passed, and no such 
modification has been made. (See draft Policy for Toxicity 
Assessment and Control, SWRCB, October 2012). Concerns 
about the application of mandatory minimum penalties for 
violations of a numeric toxicity effluent limitation have also been 
statutorily corrected.  (See Water Code § 
13385(h)(2)(i)(1)(D)).This Regional Water Board must therefore 
exercise its own discretion to determine whether numeric 
effluent limitations for chronic toxicity are feasible and 
appropriate at this time. 
 
Today, numeric limits for chronic toxicity are endorsed by 
USEPA. The TST approach simplifies the statistical 
interpretation of toxicity test results and increases confidence in 
the results as compared to the statistical approaches, such as 
NOEC-LOEC.   
 
The “trigger” approach referenced in the commenter’s letter has 
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been criticized by USEPA in public comments (2008 letter 
regarding) and during quality reviews of California’s NPDES 
program (2008 final report, 2014 draft report). USEPA’s current 
criticism of this approach is not new. More than 25 years ago, in 
the 1989 preamble to 40 CFR 122.44(d)(1) [NPDES rules 
governing water quality based permitting], responding to public 
comment requesting that whole effluent toxicity (WET) not be 
used as an enforceable effluent limit, USEPA stated: “EPA 
requires [WET] limits where necessary to meet water quality 
standards. EPA does not believe that a whole effluent toxicity 
trigger alone is fully effective because it does not by itself, 
restrict the quantity, rate, or concentrations of pollutants in an 
effluent.” 54 Fed. Reg. 23868, 23875.  The Regional Board 
concurs with USEPA’s criticism of the “trigger” approach. 
 
USEPA formally endorsed the TST as an improved statistical 
approach using hypothesis testing to evaluate data generated 
from  WET methods.  The TST has undergone an extensive 
external peer review process by both the USEPA and the State 
Water Board. Additionally, this approach underwent a “Test 
Drive Analysis” in California and has been published in an 
international peer reviewed toxicological journal (Diamond et al., 
2013). Note, this “test drive analysis” was a request by many 
permittees including this specific Permittee.  In 2014, the State 
Water Board asked for the review and seeked approval to use 
only two concentrations (the control and IWC) when using the 
TST in permits.  USEPA reviewed and determined—based on 
the evidence presented in the State Water Board’s request—
that the results of a two-concentration TST test and multi-
concentration NOEC-LOEC tests—are acceptably equivalent 
under the ATP process at 40 CFR 136 for use in all NPDES 
permits issued by State and Regional Water Boards.  The 
findings of the peer-reviewed journal article by Diamond et al, 
2013, found that the TST improves understanding of the 
discharge condition by correctly identifying toxic and non-toxic 
samples more often than when using the multi-concentration 
NOEC-LOEC. The permit’s proposed numeric effluent limits for 
chronic toxicity, expressed in terms of the TST hypothesis test 
achieve the requirements for NPDES effluent limitations under 



Page 48 of 55 
October 24, 2014 

Commenter # Comment Response Action 
Taken 

the CWA and its implementing regulations.  
 
Because of the availability of toxicity testing methods and 
applicable EPA guidance endorsing these methods, and the 
need to include effluent limits that will achieve and maintain 
compliance with water quality standards, the Regional Board 
finds that numeric effluent limits for toxicity are both feasible and 
appropriate to protect water quality standards.  The majority of 
the other states already utilize numeric effluent limitations for 
chronic (or acute) toxicity, and have done so for some time.  
This permit is not the first in the state to adopt a numeric effluent 
limitation for chronic toxicity, or to utilize the TST. (See, e.g., 
R9-20013-0026 (General NPDES Order for discharges from 
boatyards); R8-2012-0035 (NPDES Order for Orange County 
Sanitation District)).  The State’s Ocean Plan also sets numeric 
limits for chronic toxicity that have been incorporated into 
NPDES permits as numeric effluent limitations. This Regional 
Board has already endorsed the TST and has begun 
implementing it in the Los Angeles MS4 permit, wastewater 
permits, and individual industrial stormwater permits, to fully 
integrate chronic toxicity testing programs and their results 
across the Region.  A numeric chronic toxicity effluent limitation 
utilizing the TST was also included in NPDES permit Order No. 
R4-2013-0172 (NPDES permit for the University of Southern 
California, adopted by the Regional Water Board on November 
7, 2013) and NPDES permit Order No. R4. 2014-0033 (NPDES 
permit for the Calleguas Municipal Water District Regional 
Salinity Management Pipeline). 
 
And on May 8, 2014, this Regional Water Board adopted 
NPDES permits for Simi Valley Water Quality Control Plant 
Order No. R4-2014-0066, Camarillo Water Reclamation Plant 
Order No. R4-2014-0062, and Hill Canyon Wastewater 
Treatment Plant Order No. R4-2014-0064 that included numeric 
chronic toxicity effluent limitations using the TST method.”  
 

SCAP, 
CASA, and 
BACWA, 

S2A 
Part 1 

 

Provisions Restricting How the TST Is Utilized Are 
Inappropriate and Entirely Inconsistent with 
Promulgated Methods and the Anticipated Statewide 

Refer to response to comment 1.  
 
Use of multi-concentration tests are appropriate if the effluent 

None 
necessary 
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Plan 
 
Dischargers Must be Allowed to Conduct Multi-
Concentration Tests, Dose Response Evaluations, 
and Use All 40 CFR Part 136 Testing Protocols for 
Compliance Purposes 
 
Several conditions within the permits improperly limit or 
restrict 40 Code of Federal Regulations (CFR) Part 136 
required and recommended data evaluation procedures. 
Limiting the ability of a permittee to utilize the appropriate 
promulgated chronic toxicity testing protocols, including 
the availability of a multi-concentration test and dose 
response evaluations, will significantly increase the false 
positive rate when using the TST.1 Moreover, prohibiting 
such activities is entirely inconsistent with what is 
expected to be contained in the statewide toxicity plan, 
and could result in confusion and the need to reopen this 
permit once such a plan is adopted. 
 
Numeric limits based on a single effluent concentration 
chronic toxicity test using the TST, as prescribed in the 
tentative permit, are highly problematic and will inevitably 
lead to a substantially increased rate of “false positives.” 
Allowing a discharger to conduct multiple concentration 
tests and evaluate the dose-response relationship is one 
of the more critical and significant method-defined 
procedures for addressing this variability and validating 
data that has been acknowledged to be inherently 
variable. In recognition of this, interpretation of the 40 
CFR Part 136 methods has called for evaluation of the 
dose-response relationship as necessary for ensuring that 
test results are reported accurately, and why USEPA has 
in the past suggested that multiple concentration testing 
be conducted for all NPDES effluent compliance 
determination tests. Consequently, 
 

limitations are expressed in terms of NOEC- LOEC, where the 
objective of the toxicity test is to determine the “no-effect 
concentration”.  Using the TST approach, numeric chronic 
toxicity final effluent limitations are expressed in terms of Pass 
or Fail with a percent effect because the objective of the test is 
to determine whether or not the effluent (at the permitted, IWC) 
discharged is toxic, and not to determine at which concentration 
there is a “no effect concentration.”    
 
The TST approach determines whether the effluent at the 
permitted instream waste concentration (IWC) (which for these 
permits is 100% effluent) is toxic by comparing it to a control.  
This is often called a two-concentration test or a single 
concentration test comparison (the permitted IWC) to a control.  
The latter is referred to in Appendix H of Test Methods in Short-
term Methods for Estimating the Chronic Toxicity of Effluents 
and Receiving Waters to Freshwater Organisms (U.S. EPA 
2002, EPA-821-R-02-013), specified in 40 CFR 136. 
 
In 2014, in response to a request by the State Water Board, 
USEPA Region 9 evaluated and determined that the use of this 
two-concentration test instead of a multi-concentration test, 
when using the TST, is equivalent under 40 CFR section 136.5. 
Therefore, the use of the two-concentration design when using 
TST is available for use in California’s NPDES permits and 
complies with 40 CFR section 136.3 and 136.5. 

SCAP, 
CASA, and 

S2A 
Part 2 

SCAP/CASA/BACWA concurs with the suggestions made 
by LACSD in its comments on the tentative permits and 

See response to comment 2. 
 

None 
necessary. 
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BACWA, 
 

recommends that the permits be modified to include 
language that will specifically allow the permittee to 
monitor the chronic toxicity of the effluent using five or 
more effluent dilutions as well as utilize all 40 CFR Part 
136 specified procedures, including evaluation of the 
dose-response relationship, to determine if results are 
reliable. These are vital quality assurance / quality control 
procedures that must be available to permittees. 
 

SCAP’s reference to “dose-response  relationships” is referred 
to as concentration-response relationship in section 10.2.6.2 of 
the 40 CFR 136 Test Method, Short-term Methods, October 
2002 
 
The guidance to review concentration-response relationship 
was designed to assist in the more complex review of other 
statistical approaches, the NOEC-LOEC and point estimates 
(EC25 and LC50). As the Short-term Method, October 2002, 
manual says on page 50, the concentration-response review 
must be reviewed to ensure that calculated test results are 
interpreted appropriately.   Since these tentative NPDES 
permits contain numeric chronic toxicity final effluent limitations 
expressed in terms of Pass or Fail with a percent effect based 
on a two-concentration test under the TST approach, it is not 
appropriate to evaluate the WET testing data using 
concentration-response relationship. The review of the 
concentration-response relationship is a component of test 
review  step (is not a QA (Quality Assurance) step) and is 
necessary when the statistical approach of NOEC-LOEC or a 
point estimate approach (EC25; LC50) are required in the 
permit. The Permittee is confusing a test review step with QA 
components of the method.  These QA components include the 
review of control performance, meeting the required test 
acceptability criteria and the reference toxicant testing as steps 
to review and evaluate the quality of the data.   
 
The tentative permits include required Test Acceptability 
Criteria (TAC) per the 40 CFR Part 136 Test Method, in Table 
E-4 of the Monitoring and Reporting Program (MRP).  
Additionally, the permit specifies the conditions required when 
using the two-concentration/TST statistical approach.    This 
was reviewed and approved by USEPA as an ATP in California. 
   

SCAP, 
CASA, and 
BACWA, 

S2A 
Part 3 

SCAP anticipated that these procedures will be available 
under the terms of the statewide toxicity plan when it is 
released, meaning any restrictions in these permits will be 
inconsistent with statewide policy. 
 

See response to Comment 25 from JOS. 
 

The Regional Water Board has no basis to anticipate the 
substance of the Statewide toxicity plan. A revised draft policy 
has not yet been released to the public or circulated to Regional 

None 
necessary. 
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Water Board staff.  Furthermore, it is inappropriate for the 
Regional Water Board to base permitting decisions on draft 
policy terms. 
 

SCAP, 
CASA, and 
BACWA, 
 

S2B 
Part 1 

Toxicity is not a pollutant, but an effect, and as such 
accelerated monitoring and the TIE/TRE process are the 
best methods of allowing a discharger to investigate and 
ultimately identify the toxicant. 
 
 
 
 
 
 
 

Toxicity is pollution that is caused by toxic pollutants (or 
toxicants).  TIE/TREs may be the best approach to identify the 
particular toxicant causing toxic effects, but as a matter of 
practice, the Permittee has not implemented TIE/TREs 
successfully to identify and reduce toxicity in its effluent.  For 
example, at the Pomona WRP, following an exceedance of the 
1.0 TUc monthly median trigger in September 2013, conducted 
an excessive amount of accelerated testing events (ten instead 
of six) for three months prior to initiating a TIE/TRE in January 
2014.  On July 23, 2014, ten months after the 1.0 TUc monthly 
median trigger exceedance, JOS submitted the results of their 
TIE/TRE report, which were inconclusive.  JOS was unable to 
successfully identify the causative toxicant.  One advantage of 
the shift in regulatory approach away from the previous 
oversight-driven model for reducing toxicity is to hold 
dischargers directly accountable for meeting and maintaining 
effluent limitations to protect the water quality standard. 
 

None 
necessary. 

SCAP, 
CASA, and 
BACWA, 
 

S2B 
Part 2 

SCAP comments that it is inappropriate and counter-
productive to require the reporting of TST effluent 
compliance monitoring results during these accelerated 
monitoring schedules and initiation of the TIE/TRE.  They 
further request that reporting requirements not be 
included in the tentative permit for Pomona or Whittier 
Narrows WRP. 
 

It is inappropriate to suspend final effluent limitations outside a 
compliance schedule scenario as water quality standards must 
be maintained throughout the permit term As illustrated in the 
response to Comment S2B Part 1 above, the current 
trigger/accelerated testing regime used in the 2009 NPDES 
permits has not been adequate to reduce toxicity in the effluent 
and protect water quality. 

None 
necessary. 

SCAP, 
CASA, and 
BACWA, 

S2B 
Part 3 

SCAP and CASA members have been working with State 
Water Board staff and numerous stakeholders in 
developing the statewide toxicity plan, and it is our 
understanding that after an initial toxicity violation, 
accelerated testing and/or TIE/TRE implementation will 
occur. During that time no further violations should be 
incurred provided that the permittee conducts the required 
and appropriate actions to address the exceedance. 
 

The Regional Board has no basis to anticipate the substance of 
the Statewide toxicity plan. A revised draft policy has not yet 
been released to the public or circulated to Regional Board staff.  
Furthermore, it is inappropriate for the Regional Board to base 
permitting decisions on draft policy terms. 
 

None 
necessary. 
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Comments received from Central Contra Costa Sanitary District (CCCSD) on October 10, 2014 

 
CCCSD 1 CCCSD does not routinely submit comments on 

permitting actions in regions outside the San Francisco 
Bay Area. However, CCCSD believes it important to 
record our concers with the toxicity monitoring and 
compliance elements in the two Tentative Orders (TO) for 
Whittier Narrows and Pomona Water Reclamation 
Facilities which are dramatically different from the toxicity 
standards being developed by the State Board through 
the development of the statewide Toxicity Plan. CCCSD 
supports the comments being submitted by CASA and 
BACWA on this aspect of the TOs. 
 
CCCSD has been working with other wastewater 
dischargers throughout California and State Board staff to 
develop a viable statewide Toxicity Plan that achieves the 
objective of consistency with monitoring for, and 
responding to, potential whole effluent toxicity in 
wastewater discharges. The toxicity program elements in 
the TOs are not consistent with the State Board’s Toxicity 
Plan elements and would not be acceptable for statewide 
implementation. CCCSD believes that process initiated by 
the State Board in which significant state and stakeholder 
resources have been invested needs to be completed 
before significant changes to toxicity program elements of 
wastewater dischargers’ permits are processed. 
 

Please see response to comments above for 
SCAP/CASA/BACWA. 
 
 
 

None 
necessary. 

 
Comments received from Western States Petroleum Association (WSPA) on October 10, 2014 

 
WSPA 1 WSPA objects to the premature incorporation of numeric 

toxicity limits into the Whittier Narrows and Pomona Water 
Reclamation Plant Permits (Permits). 
 
This action circumvents extensive efforts to date by the 
State Water Board (SWRCB).  WSPA, along with EPA 
Region 9 and others in the regulatory community, has 

Please see response to comments above for 
SCAP/CASA/BACWA. 

None 
necessary. 
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been participating in the SWRCB regulatory development 
process to revise the Inland Surface Waters, Enclosed 
Bays and Estuaries Plan (Plan) to establish a statewide 
policy for toxicity. 
 
The formal objection letter to staff from EPA IX (dated 
September 4, 2014) is misleading and contrary to their 
own approval of both the 2009 Whittier & Pomona Permit 
renewals containing narrative objectives and the SWRCB 
order for Whittier in 2003 mandating the use of narrative 
limits and numeric toxicity triggers.  This change in 
direction by USEPA as expressed in their September 4th 
letter should be considered suspect. 
 
The administrative record is replete with decisions & 
permit adoptions by various regional water boards and the 
SWRCB in support of narrative limits; all without objection 
by EPA IX.  USEPA has chosen to not issue their test of 
significant toxicity (TST) protocol nationwide for public 
comment and scrutiny, and has relied upon imposing the 
TST on a permit by permit basis within various water 
board regions throughout the west.   
 
It is unsound policy for a regional board to incorporate 
TST provisions in this manner, especially considering the 
pending toxicity Plan to be soon issued by the SWRCB.   
 
WSPA recommends the Board remove the TST 
provisions these Permits and revert back to narrative 
provisions from the 2009 renewals until the SWRCB 
adopts their toxicity Plan. 
 

 
Comments received from City of Los Angeles, LA Sanitation (LA SAN) on October 10, 2014 

 
LA SAN 
 

1 LA SAN supports the current toxicity policy in effect which 
requires narrative effluent limitations and triggers for 
initiation of toxicity identification and reduction evaluations 
(TIE/TRE). Requiring numeric effluent limitation in NPDES 

Please see response to comments above for 
SCAP/CASA/BACWA. 
 

None 
necessary. 
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permits prior to adoption of revised toxicity provisions into 
each regions Basin Plan and the State Implementation 
Plan (SIP) is premature and may interfere with and 
contradict the current toxicity work that is being performed 
by multiple stakeholders, including treatment plants, U.S. 
EPA, and State and Regional Boards. LA SAN requests 
that the chronic toxicity limits contained in NPDES permits 
be removed and replaced with a current narrative chronic 
toxicity limit – with triggers for accelerated testing and 
further toxicity identification and toxicity reduction 
evaluations. 
 

LA SAN 
 

2 LA SAN believes that the LARWQCB must allow 
permittees the full range of data evaluation procedures 
found in 40 CFR 136. Requiring permittees to comply with 
numeric toxicity limits based on single chronic toxicity test 
at 100% effluent as required in the Test of Significant 
Toxicity (TST) will lead to false positives and future, 
unwarranted liability. Furthermore, monitoring toxicity 
using five or more effluent dilutions as well as all available 
40 CFR 136 required chronic toxicity data evaluation 
procedures is consistent with what is expected to be 
adopted by the SWRCB in the forthcoming statewide 
toxicity plan. 
 

Please see response to comments above for 
SCAP/CASA/BACWA. 
 

None 
necessary. 

LA SAN 3 The purpose of TIEs and TREs is to identify the cause 
and evaluate methods to address toxicity. Assessing 
compliance during accelerated testing and TIE/TRE 
monitoring efforts does nothing to assist permitees in 
identifying and evaluating toxicity, but rather 
unnecessarily discourages implementation of TIE/TREs 
and increases liability with no noticeable improvement in 
water quality. LA SAN requests that the provisions for 
continued toxicity violations after triggering accelerated 
testing and initiation of a TRE removed from LACWRP’s 
permits and all future NPDES permits. 
 
 
 

Please see response to comments above for 
SCAP/CASA/BACWA. 
 

None 
necessary. 
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Comments received from the United States Environmental Protection Agency (USEPA) on October 10, 2014 

 
USEPA 1 Chronic Toxicity 

 
USEPA strongly supports the proposed numeric WQBELs 
for chronic toxicity. 
. 

 
 
We thank the USEPA for their comments in support of the 
tentative permit. 

 
 
None 
necessary. 
 

 
Late comments, received from the Heal the Bay on October 14, 2014, 

will not be included in the agenda package. 
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Disclaimer

This document, Method Guidance and Recommendations for Whole Effluent Toxicity (WET)
Testing (40 CFR Part 136), is provided to help implement national water quality-based
permitting under the National Pollutant Discharge Elimination System (NPDES) Program. 
This guidance document does not, however, substitute for the Clean Water Act (CWA) or
EPA’s regulations, nor is it a regulation itself.  Thus, it cannot impose legally binding
requirements on EPA, States, Tribes, or the regulated community and may not apply to a
particular situation based upon case-specific circumstances.  The material presented herein is
intended solely for guidance and does not alter any statutory or regulatory requirements, or
requirements in an NPDES permit.  EPA, State, and Tribal decision makers retain the
discretion to adopt approaches on a case-by-case basis that differ from this guidance where
appropriate.  EPA may change this guidance in the future.
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Executive Summary

I
n 1995, the U.S. Environmental Protection Agency (EPA) published a final rule

standardizing 17 whole effluent toxicity (WET) test methods for use in NPDES

(National Pollutant Discharge Elimination System) monitoring [60 FR 53529; October

16, 1995].  These WET test methods measure the aggregate acute and chronic toxicity

of an effluent using standardized freshwater, marine, and estuarine plants, invertebrates, and

vertebrates. The inclusion of WET methods in the NPDES program completes an integrated

strategy for water quality-based toxics control that fulfills the Clean Water Act’s mandate to

protect aquatic life and prohibit the discharge of toxic pollutants in toxic amounts. 

This document provides guidance and recommendations on the conduct of the approved

WET test methods and interpretation of WET test results reported under the NPDES

program.  This guidance partially fulfills the obligations of a legal settlement agreement that

resolves a judicial challenge to the WET final rule.  The document provides guidance on the

following issues: nominal error rate adjustments, confidence intervals, concentration-

response relationships, dilution series, and dilution waters.  A summary of the guidance and

recommendations for each issue is provided below.

C Nominal error rate adjustments -  The WET method manuals (USEPA, 1993c;

USEPA, 1994a; USEPA, 1994b) recommend a nominal error rate (or alpha level) of 0.05

when using hypothesis testing to determine test results.  This guidance clarifies that

alpha may be reduced to 0.01 when sublethal endpoints from Ceriodaphnia or fathead

minnow tests are reported under NPDES permit requirements, or when WET permit

limits are derived without allowing for receiving water dilution.  In these situations,

however, the alpha level should be reduced only in tests that meet a set criterion for test

sensitivity, since reductions in alpha also reduce statistical power.  Specifically, the

percent minimum significant difference (%MSD) calculated for the test using an alpha of

0.01 should be less than or equal to a set criterion.  Increased replication may be

necessary to meet the %MSD criterion when using an alpha of 0.01.  This document

provides guidance on determining the need for additional test replication, as well as the

entire decision process for reducing the alpha level in hypothesis testing. 

C Confidence intervals -  Point estimation techniques described in the WET method

manuals are used to generate effect concentrations and associated 95% confidence

intervals.  Software used to conduct these statistical procedures occasionally does not

provide the associated confidence intervals.  This may arise when the test data are

inappropriate for the assumptions or requirements of the statistical method chosen.  In

these cases, statistical flowcharts provided in the WET method manuals should guide the

analyst to more appropriate techniques.  Confidence intervals also may not be generated

if the calculated point estimate is outside of the test concentration range.  In this case,

confidence intervals are not applicable because exact point estimates are not reported. 

For the inhibition concentration percentage (ICp) procedure, there are additional
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anomalous circumstances when confidence intervals are not generated due to limitations

of the software. 

C Concentration-response relationships -  The concentration-response relationship

established between the concentration of a toxicant and magnitude of the response, is a

fundamental principle of toxicology.  EPA recommends the use of this concentration-

response concept as a test review step to assist in determining the validity of WET test

results.  When unexpected concentration-response relationships are encountered, a

thorough review of test performance, test conditions, and the particular concentration-

response pattern exhibited should be conducted to determine whether the derived effect

concentrations are reliable or anomalous.  This document recommends review steps for

10 different concentration-response patterns that may be encountered in WET test data. 

Based on the review, it may be determined that calculated effect concentrations are

reliable and should be reported, that calculated effect concentrations are anomalous and

should be explained, or that the test was inconclusive and the sample should be retested.

C Dilution series - This guidance clarifies that the WET method manuals do not require

the use of a specific dilution series for all WET tests.  The dilution series for a specific

test should be selected to optimize the precision of calculated effect concentrations and

assist in establishing concentration-response relationships.  Recommendations for

selecting an appropriate dilution series include: considering historic WET testing

information for the given effluent, using the receiving water concentration as a test

concentration, bracketing the receiving water concentration with test concentrations,

adding test concentrations within a given range of interest, and increasing the dilution

factor used to space effluent concentrations. 

C Dilution waters -  This guidance clarifies that an acceptable dilution water for WET

testing is appropriate for the objectives of the test; supports adequate performance of the

test organisms with respect to survival, growth, reproduction, or other responses that may

be measured in the test (i.e., consistently meets test acceptability criteria for control

responses); is consistent in quality; and does not contain contaminants that could

produce toxicity.  If the objective of the test is to determine the absolute toxicity of an

effluent, EPA recommends the use of a standard synthetic dilution water.  A consistent,

high purity natural water source (e.g., uncontaminated seawater or treated well water)

also may be appropriate for determining the absolute toxicity of an effluent when

specific criteria given in this guidance are met.  If the objective of the test is to determine

the toxicity of an effluent in the receiving system, a local receiving water is

recommended for use as dilution water provided that the receiving water meets specific

criteria.  The receiving water should be collected as a grab sample from upstream or near

the final point of effluent discharge, have adequate year-round flow, support adequate

performance of the test organisms, be consistent in quality, be free of contaminants that

would produce toxicity, and be free from pathogens and parasites that could affect WET

test results.  If the local receiving water fails to meet any of these criteria for use, a

synthetic dilution water adjusted to approximate the chemical characteristics of the

receiving water is recommended. 
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1 Introduction

T
his chapter provides a brief introduction to whole effluent toxicity (WET) testing and

describes the regulatory background and context of WET testing.  This chapter also

describes the purpose of this document and outlines the issues addressed in each

chapter.  

What is whole effluent toxicity (WET) and how is it measured?

Whole effluent toxicity (WET) is defined as “the aggregate toxic effect of an effluent measured

directly by an aquatic toxicity test” [54 FR 23868 at 23895; June 2, 1989].  Aquatic toxicity

test methods designed specifically for measuring WET have been codified at 40 CFR part 136

[60 FR 53529; October 16, 1995].  These WET test methods employ a suite of standardized

freshwater, marine, and estuarine plants, invertebrates, and vertebrates to estimate acute and

short-term chronic toxicity of effluents and receiving waters.  Specific test procedures for

conducting the approved WET tests are included in the following three test method manuals:

C U.S. Environmental Protection Agency.  1993c.  Methods for Measuring the Acute

Toxicity of Effluents and Receiving Waters to Freshwater and Marine Organisms, 4th ed.,

EPA 600/4-90/027F.  U.S. Environmental Protection Agency, Environmental Monitoring

Systems Laboratory, Cincinnati, OH.

C U.S. Environmental Protection Agency.  1994.  Short-term Methods for Estimating the

Chronic Toxicity of Effluents and Receiving Waters to Freshwater Organisms, 3rd ed.,

EPA 600/4-91/002.  U.S. Environmental Protection Agency, Environmental Monitoring

Systems Laboratory, Cincinnati, OH.  

C U.S. Environmental Protection Agency.  1994.  Short-term Methods for Estimating the

Chronic Toxicity of Effluents and Receiving Waters to Marine and Estuarine Organisms,

2nd ed., EPA 600/4-91/003.  U.S. Environmental Protection Agency, Environmental

Monitoring Systems Laboratory, Cincinnati, OH.  

 

These three method manuals (WET method manuals) were incorporated by reference into 40

CFR part 136 in the 1995 rule.  As regulations, use of these methods and adherence to the

specific test procedures outlined in the WET method manuals is required when monitoring

WET under the National Pollutant Discharge Elimination System (NPDES).  Of course, the

extent that such procedures are “requirements” depends on the text of the WET method

manuals themselves.  Words of obligation, such as “must” or “shall” indicate a required

procedure.  When WET method manuals use discretionary terms such as “may” or “should”

the manuals provide flexibility so that the laboratory analyst may optimize successful test

completion (USEPA, 1996a).  
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What is the regulatory background of WET testing?

The Clean Water Act (CWA) was enacted in 1972 with the objective of “restoring the

chemical, physical, and biological integrity of the Nation’s waters.”  Along with other specific

goals, CWA section 101(a)(3) states that “it is the national policy that the discharge of toxic

pollutants in toxic amounts be prohibited.”  EPA has pursued this goal through the

implementation of the water quality standards program and the NPDES permitting program. 

These programs have adopted an integrated strategy of water quality-based toxics control that

includes the following approaches:

C Chemical-specific control approach

C Whole effluent toxicity (WET) control approach

C Biological criteria/bioassessment and biosurvey approach

To implement this strategy, States and Tribes are encouraged to define numeric or narrative

water quality standards that include chemical-specific criteria, criteria for whole effluent

toxicity, and biological criteria.  Some states have included numeric criteria for WET, while

others have relied on narrative criteria such as, “free from toxics in toxic amounts”.  These

water quality standards and criteria are maintained by controlling the discharge of pollutants

through the NPDES permitting program.  When a discharge causes or has a reasonable

potential to cause or contribute to the excursion of numeric or narrative water quality

standards, a water quality-based effluent limit in the NPDES permit will be issued to control

the discharge.  This includes permit limits for WET if the discharge causes, has a reasonable

potential to cause, or contributes to the excursion of water quality standards for WET,

including narrative criteria for toxicity.

Further explanation of the regulatory role and background of WET can be found in the WET

method manuals (USEPA, 1993c; USEPA, 1994a; USEPA, 1994b) and in EPA’s Technical

Support Document for Water Quality-based Toxics Control (USEPA, 1991b). 

What is the purpose of this document?

This guidance is intended to clarify the published WET method manuals on selected issues

regarding the conduct of WET tests and interpretation of WET test results.  This document

provides additional guidance and recommendations to EPA Regional, State, Tribal, and local

regulatory authorities; regulated entities; and environmental laboratories on these selected

issues.  Proper implementation of the guidance provided in this document should enhance

successful WET test completion, result interpretation, and the application of WET testing in

the NPDES program.  

EPA developed this guidance document as part of efforts to resolve litigation over the

rulemaking that standardized and approved the WET test methods for use in NPDES

monitoring [60 FR 53529; October 16, 1995].  In a settlement agreement, EPA agreed to
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provide guidance and recommendations on five specific technical issues.  Each of these issues

is addressed in a separate chapter of this guidance document.

C Nominal error rate adjustments - Chapter 2 explains the concept of a nominal error rate

(or alpha level) and the effect of alpha on false positive rates, false negative rates, and test

sensitivity.  This chapter clarifies the circumstances when the alpha level for WET

hypothesis testing may be reduced from 0.05 to 0.01.  This chapter also provides guidance

and recommendations for assuring that test sensitivity is not adversely affected by

reductions in alpha.  This guidance includes procedures for measuring test sensitivity,

determining the need for additional test replication, and comparing test sensitivity to

recommended criteria.

C Confidence intervals - Chapter 3 clarifies the circumstances under which confidence

intervals are not generated and/or not capable of generation when using point estimation

techniques.

C Concentration-response relationships - Chapter 4 explains the concept of a

concentration-response relationship and describes how this concept may be used as a WET

test review step.  This chapter identifies various forms of concentration-response

relationships encountered in WET testing and provides guidance on evaluating and

interpreting results from these concentration-response relationships.

C Dilution series selection - Chapter 5 provides guidance on selecting appropriate dilution

series for WET tests.  This guidance provides recommendations for modifying the dilution

series to assist in determining the existence of a concentration-response relationship and

improving point estimate precision.

C Dilution water - Chapter 6 clarifies what EPA considers to be acceptable dilution water

for WET testing.  This chapter provides guidance on selecting an appropriate dilution

water based on the objectives of the WET test and the quality and consistency of available

dilution water sources.  Guidance is provided regarding when to use the following waters

for dilution: receiving water, standard synthetic water, and synthetic water adjusted to

approximate receiving water characteristics.  This chapter also clarifies the use of dual

controls when dilution water differs from the water used to culture test organisms.

What other clarification and guidance documents has EPA published on WET?

The final WET methods rule [60 FR 53529; October 16, 1995] incorporated the WET method

manuals (USEPA, 1993c; USEPA, 1994a; USEPA, 1994b) by reference.  EPA provided

further guidance and clarifications regarding the use of the WET test methods in a

memorandum dated April 10, 1996 from Tudor Davies, Director of the EPA Office of Water’s

Office of Science and Technology.  This memorandum, titled “Clarifications Regarding

Flexibility in 40 CFR Part 136 Whole Effluent Toxicity (WET) Test Methods” (USEPA,

1996a), provided clarification on the following WET test issues: pH and ammonia control,

temperature, hardness, test dilution concentrations, and acceptance criteria for Champia

parvula. 
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In January 1999, EPA published an errata sheet for the WET method manuals (USEPA,

1999).  This errata sheet amended the approved WET test methods to correct typographical

errors and omissions, provide technical clarification, and establish consistency among the 1995

WET rule language and the three WET method manuals.

EPA has recently published a guidance document titled, Understanding and Accounting for

Method Variability in Whole Effluent Toxicity Applications Under the National Pollutant

Discharge Elimination System Program, (USEPA, 2000).  This guidance document is

intended to provide regulatory authorities with an understanding of WET test variability and

provide guidance on accounting for and minimizing WET test variability and its effects on the

regulatory process.
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2 Nominal Error Rate
Adjustments

T
he WET method manuals (USEPA, 1993c; USEPA, 1994a; USEPA, 1994b)

recommend a nominal error rate (or alpha) of 0.05 when using hypothesis testing to

determine WET test results.  Under certain circumstances, it may be appropriate to

reduce alpha to 0.01.  This chapter provides an explanation of the concept and use of

a nominal error rate and provides guidance on when alpha may be reduced.

When is a nominal error rate used?

A nominal error rate is used in the statistical method of hypothesis testing.  According to the

WET method manuals, effect concentrations for effluent toxicity tests may be generated by

point estimation techniques or hypothesis testing techniques (see Section 9 of USEPA, 1994a;

USEPA, 1994b).  Point estimation techniques are used to generate effect concentrations such

as LC50 (median lethal concentration), EC50 (median effect concentration), or IC25 (25%

inhibition concentration) values.  Hypothesis testing techniques are used to generate NOEC

(No-Observed-Effect-Concentration) and LOEC (Lowest-Observed-Effect-Concentration)

values.  Both statistical techniques have advantages and disadvantages (Grothe et al., 1996),

and regulatory authorities may choose to base WET permit limits on effect concentrations

generated using either technique.  The WET method manuals (see Section 9 of USEPA, 1994a;

USEPA, 1994b) state that point estimation techniques are the preferred statistical methods for

calculating effect concentrations in WET tests under the NPDES permit program.

What is a nominal error rate?

The concept of hypothesis testing relies on the ability to distinguish statistically significant

differences between a control treatment and other test treatments (e.g., effluent concentrations). 

In terms of classical statistics, the hypothesis testing techniques (whether Dunnett’s Test, t-

Test with Bonferroni adjustment, Steel’s Many-One Rank Test, or Wilcoxon Rank Sum Test

with Bonferroni adjustment) test the null hypothesis (Hi) that there is no difference between

the control treatment and other test treatments (the effluent is not toxic).  This null hypothesis

is rejected (the effluent is determined to be toxic) if the difference between the control treatment

and any other test treatment is statistically significant.  In order to determine when the

difference between treatments is large enough to be statistically significant and to warrant

rejection of the null hypothesis, the statistician or analyst selects a nominal error rate.  This

nominal error rate is an intended upper bound on the probability of incorrectly rejecting the

null hypothesis (determining that the effluent is toxic) when it is in fact true (the effluent is not

toxic).  In selecting the nominal error rate, the analyst is deciding what level of uncertainty
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he/she is comfortable with in making this type of error (determining that the effluent is toxic

when it is not).  The larger the nominal error rate, the greater the probability of incorrectly

rejecting the null hypothesis (determining that the effluent is toxic when in fact it is not).  In

classical statistics, the error of incorrectly rejecting the null hypothesis is termed a Type I

error, and the nominal error rate selected to place an intended upper bound on the probability

of this error is termed alpha (").  To remain consistent with statistical terminology, the nominal

error rate will be referred to as alpha in the remainder of this document.  An alpha of 0.05

means a 5% probability of making a Type I error and is associated with a 95% level of

significance (i.e., on average 1 test in 20 tests could produce a Type I error). 

How is the alpha level related to specific types of errors?

Figure 2.1 describes the possible correct and erroneous decisions that can be made in

hypothesis testing.  In making the decision to reject or accept the null hypothesis, two types of

error are possible.  An incorrect decision can be made by determining that a sample is toxic

when in fact it is not (Type I error), or determining that a sample is not toxic when in fact it is

(Type II error).  These errors also may be commonly referred to as false positive error and

false negative error, respectively.  The alpha level that is selected by the statistician or analyst

in a hypothesis test represents the probability of making a Type I error (or the Type I error

rate).  The probability of a Type II error (or the Type II error rate) is represented by beta ($). 

Figure 2.1.  Possible decisions and outcomes in the hypothesis test.

True State of Nature

Hi is true 

(sample is not toxic)

Hi is false 

(sample is toxic)

D
ec

is
io

n

Accept Hi
(determine that sample

is not toxic)

Correct decision
Type II error 

(false negative)

Reject Hi
(determine that sample

is toxic)

Type I error 

(false positive)
Correct decision

There are direct and indirect costs associated with both types of errors.  False positives can

create undue costs and effort involved in follow-up actions such as increased testing, Toxicity

Identification Evaluation (TIE) and Toxicity Reduction Evaluation (TRE) procedures, possible

fines for permit violations, and the potential for civil lawsuits.  False negatives can cause the

continuation of unchecked environmental degradation and the associated long-term cost of

reclamation or restoration.  Researchers have suggested that false negatives may be more

costly than false positives because false positives may be quickly discovered by additional
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testing, while false negatives may continue longer before being discovered (Thursby et al.,

1997).  Since there are costs associated with each type of error, neither type of error should

be ignored, and an effort should be made to minimize both types of error.  However, because

of the relationship between the Type I error rate (") and the Type II error rate ($), reductions

in one type of error generally cause an increase in the other.  For instance, when test

variability and test design are held constant, reducing the alpha level of a test increases the

Type II error rate ($).  This reduces the statistical power (defined as 1-$) of the test and

limits the ability of the test to detect small effects as statistically significant.  Because costs

exist for both types of error, it is important to consider the impact of both types of error

before reducing alpha. 

What alpha level is recommended in the WET method manuals?

Traditionally, scientists have set alpha for biological studies at 0.01 to 0.1 (1 to 10%). The

0.01 level, at one extreme, provides a statistically conservative error rate that minimizes false

positives.  The 0.1 level, at the other extreme, provides a statistically more liberal error rate

that results in increased statistical power.   Zar (1984) states that a probability of 5% or less

is commonly used as a criterion for rejection of the Hi, and that when the 5% chance of an

incorrect rejection of the hypothesis is unacceptably high, then a 1% level of significance is

sometimes used.  The WET test method manuals recommend an alpha of 0.05 for hypothesis

testing (see Section 9 of USEPA 1994a; USEPA 1994b).  The experimental test designs of

the WET test methods (e.g., replicates, treatments, number of organisms) have limits to the

magnitude of toxic response that they are able to detect given a specific alpha level (Denton

and Norberg-King, 1996; USEPA, 2000); smaller effects will generally not be detected.  If

the recommended test alpha level is reduced, the experimental test design may need

modification (e.g. increased test replication) to maintain the same level of test sensitivity.

When can alpha be reduced?

The alpha level used for hypothesis testing in WET data analysis may be reduced from 0.05

to 0.01 when:

- sublethal endpoints (reproduction or growth) from Ceriodaphnia dubia or fathead

minnow tests are reported under NPDES permit requirements, or

- the NPDES permit limit for WET was derived without allowing for receiving water

dilution due to low dilution potential in the receiving system,

provided that the WET test is able to maintain adequate test sensitivity (as demonstrated by

successfully meeting a set criterion for minimum significant differences [MSDs]) using an

alpha of 0.01.
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When should alpha not be reduced?

The alpha level of a test should not be reduced unless the regulatory authority allows or

specifies an alpha of 0.01 in the NPDES permit (see “What is the recommended decision

process for determining the appropriate alpha level?”).  The alpha level of a test also should

not be reduced if the test does not maintain adequate test sensitivity.  This determination is

made by comparing the test MSD (calculated using the reduced alpha of 0.01) to

recommended maximum MSD levels (see “How can adequate test sensitivity be

confirmed?”).  If the test MSD (calculated using the reduced alpha of 0.01) is greater than

the MSD criterion, alpha should not be reduced to 0.01, and results should be reported using

the standard alpha level of 0.05. 

How can adequate test sensitivity be confirmed?

As described above, alpha may be reduced only when the test maintains adequate test

sensitivity.  Adequate test sensitivity is determined by calculating the MSD for a given test

and comparing this value to maximum MSD criteria.  This procedure is described below.

C Calculate test MSD -  To measure the sensitivity of the test, the minimum significant

difference or MSD is calculated.  The MSD is defined as the smallest difference between

the control and another test treatment that can be determined as statistically significant in

a given test.  The MSD is a measure of statistical sensitivity that is dependent upon the

within test variability, the alpha level selected for the test, and the test design (i.e.,

number of replicates and treatments).  The MSD decreases (i.e., statistical sensitivity

increases) with decreasing test variability, increased test replication, and increased alpha. 

According to the WET method manuals (USEPA, 1994a; USEPA, 1994b), the MSD may

be calculated for Dunnett’s multiple comparison test using the following equation:

MSD d s
n nw

c

= × +
1 1

0

where:

d = Dunnett’s t for the selected " and N - (k+1) degrees of freedom

sw = square root of the error mean square from analysis of variance

(ANOVA)

n0 = number of replicates in the control

nc = number of replicates for each effluent concentration

N = total number of replicates in the ANOVA

k = number of non-control treatments being compared to the control

The pooled variance estimate, sw, is obtained from an analysis of variance (ANOVA). 

Test concentrations that exhibit 0% survival are excluded from the ANOVA for survival

endpoints, and test concentrations greater than the NOEC for survival are excluded from

the ANOVA for sublethal endpoints.  
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When the number of replicates is not the same for all test treatments, but variances are

expected to be the same, the t-test with Bonferroni’s adjustment is used for hypothesis tests

(USEPA, 1994a; USEPA, 1994b).  Under these circumstances, the MSD is calculated

using the formula shown above, except that “d”is replaced by the standard t-statistic for a

one-sided test at level 1-"/k, where k is the number of treatments being compared to the

control.  Further details and a table of critical values for t are provided in Appendix D of

the WET method manuals (USEPA, 1994a; USEPA, 1994b).

The above equation (with the slight modification for unequal replicates, if needed) may be

used to calculate the MSD for all tests in which results are derived from hypothesis testing,

regardless of the hypothesis testing technique used (e.g., Dunnett’s Test, t-test with

Bonferroni adjustment, Steel’s Many-One Rank Test, or Wilcoxon Rank Sum Test with

Bonferroni adjustment).  When a given data set does not meet the assumptions (e.g.,

normal distribution or homogeneous variance) necessary for the use of parametric

hypothesis testing procedures (i.e., Dunnett’s test or t-test with Bonferroni adjustment), the

MSD still may be derived as described above for use as an approximate indicator of test

sensitivity.  However, when there are significant differences in variances among

treatments, the best approach is to identify a variance-stabilizing transformation

(preferably one which applies generally and not to just one test) and which leaves the

treatment means approximately normal.   

To facilitate the comparison of MSD values among tests and with established criteria, the

MSD is generally expressed as a percentage of the mean control value for the given test. 

This transformation is conducted using the following equation:

% MSD
MSD

= ×
Control mean

100%

Other measures of test sensitivity, such as test power (1- $) also can be used to determine

the statistical sensitivity of a test.  However, the MSD is recommended in this guidance for

determining the appropriateness of reducing alpha levels in hypothesis testing.  The MSD

is easily calculated and is generated by most statistical software packages used in WET

test data analysis.  In addition, the Pellston Workshop on Whole Effluent Toxicity

(Chapman et al., 1996; Denton and Norberg-King, 1996) and other researchers (Thursby

et al., 1997; Warren-Hicks et al., 1999) recommend the use of MSDs to assure that

acceptable statistical sensitivity is achieved.  The MSD is currently used to access the

acceptability of test sensitivity in the West Coast WET methods (USEPA, 1995), and

criteria for acceptable MSD levels have been recommended for most of the approved WET

test methods in a newly published EPA guidance document titled, Understanding and

Accounting for Method Variability in Whole Effluent Toxicity Applications Under the

National Pollutant Discharge Elimination System Program (USEPA, 2000).
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C Compare test MSD to maximum MSD criteria -  In EPA’s recently published guidance

document on WET method variability (USEPA, 2000), EPA recommends criteria for

maximum MSD values in an effort to reduce method variability.  EPA compiled a national

database of WET reference toxicant test data from 75 laboratories and 23 test methods

conducted over a 10-year period.  EPA used these data to make inferences about WET test

method variability and to evaluate recommendations for reducing variability.  From an

analysis of MSD values from these tests, it was determined that placing upper and lower

bounds on MSDs improved test precision.  Based on this finding, EPA recommended

setting upper and lower limits for MSDs at the 10th and 90th percentiles of the MSD

distribution compiled from this national database.  Table 2.1 shows the recommended

upper bounds on WET test MSDs for given test methods.  

EPA recommends that these maximum MSD criteria be met for all tests (USEPA, 2000),

regardless of the alpha value used in hypothesis testing.  Therefore, EPA recommends that

alpha be decreased from 0.05 to 0.01 only when the test MSD (expressed as %MSD)

calculated with the new, lower alpha (0.01) meets the criteria recommended in Table 2.1

(i.e., calculated test %MSD should be less than or equal to the value in Table 2.1 for the

given method).  If the calculated test %MSD is greater than the maximum criterion stated

in Table 2.1, the test results should be reported using an alpha of 0.05.  In order to meet

these MSD criteria using an alpha of 0.01, additional test replication may be required (see

Step 2 under “What is the recommended decision process for determining the appropriate

alpha level?”).

Table 2.1.  Recommended maximum MSD (minimum significant difference) criteria for
selected WET test methods and responses (adapted from Table 3-6 in USEPA, 2000).

WET test method
Biological
Response

Maximum MSD
Criterion (%MSD)

1000.0-  Fathead Minnow, Pimephales promelas,

Larval Survival and Growth Test
Growth 35

1002.0-  Daphnid, Ceriodaphnia dubia, Survival and

Reproduction Test
Reproduction 37

1003.0-  Green Alga, Selenastrum capricornutum,

Growth Test
Growth 23

1004.0-  Sheepshead Minnow, Cyprinodon

variegatus, Larval Survival and Growth Test
Growth 23

1006.0-  Inland Silverside, Menidia beryllina, Larval

Survival and Growth Test
Growth 35

1007.0-  Mysid, Mysidopsis bahia, Survival, Growth,

and Fecundity Test
Growth 32



2-7

What is the recommended decision process for determining the appropriate
alpha level?

Figure 2.2 summarizes the recommended decision process for determining the appropriate

alpha level for use in hypothesis testing.  This figure is provided to assist regulatory

authorities, permittees, and laboratories in this decision-making process.  The recommended

three-step decision process is described below.

C Step 1 -  In step one, the regulatory authority determines the target alpha level that will be

specified in the permit.  If either of the following circumstances apply, the regulatory

authority may allow a target alpha of 0.01:

- sublethal endpoints (reproduction or growth) from Ceriodaphnia dubia or fathead

minnow tests are reported under NPDES permit requirements, or

- the NPDES permit limit for WET was derived without allowing for receiving water

dilution due to low dilution potential in the receiving system.

The target alpha level is the alpha level that the analyst will attempt to use in the statistical

analysis of test data for all samples of the given effluent.  While a target alpha level may

be specified for all tests, each test should be evaluated independently to determine if the

target alpha level is appropriate (see Step 3).  The regulatory authority should specify (as

a permit condition) that when a target alpha level of 0.01 is allowed, the test MSD should

not exceed the recommended MSD criterion for test sensitivity (Table 2.1).  If the test fails

to meet the MSD criterion using the target alpha level, results should be reported using the

standard alpha of 0.05. 

C Step 2 - After the regulatory authority has determined that a target alpha level of 0.01 is

allowable, the permittee should consult with the testing laboratory to determine if increased

test replication is needed to meet the MSD criterion using the target alpha level.  Since the

MSD is a function of alpha, test variability, and test design (i.e., number of replicates and

test treatments), an increase in the MSD caused by reducing alpha can be offset by an

increase in test replication.  Table 2.2 shows the increase in test replication needed to

completely offset a reduction in alpha from 0.05 to 0.01.  For instance, replication in the

fathead minnow chronic test would need to be increased from four to seven replicates to

maintain the same MSD level when alpha is decreased from 0.05 to 0.01 (assuming that

variability remains constant).
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No

Regulatory authority may allow alpha of 0.01 independently for each
test, provided that the MSD criteria is met in the test.  Otherwise, an

alpha of 0.05 is specified.

Regulatory
authority
specifies

alpha of 0.05

Step 1:
Regulatory authority
determines the target

alpha level

No

Yes Yes

Step 2:
Permittee in

consultation with
testing laboratory

determines the need
for increased
replication

Evaluate the test sensitivity (MSD) of the previous 10 - 12 tests
using an alpha of 0.05 and 0.01.

Would all tests
 have passed the MSD
criterion using an alpha

 of 0.01?

Evaluate the extent
of increased test

replication needed
No

Step3:
Permittee tests each
sample and reports

results using the
appropriate alpha

level

Perform each
subsequent test using
increased replication

Perform each subsequent test
using traditional replication

Does the test
meet the MSD criteria

using an alpha
of 0.01?

Report test results using
an alpha of 0.05

Report test results using
an alpha of 0.01

Yes

No

Yes

Start

Are
sublethal endpoints

 for Ceriodaphnia or
Fathead minnow

reported?

Is the
permit limit derived
without allowing for

receiving water
dilution?

Figure 2.2.  Recommended decision process for determining the appropriate alpha level for WET
hypothesis testing.



2-9

To determine the need for increased test replication, the permittee and testing laboratory

should evaluate the laboratory’s recent performance on tests with the given effluent. 

Laboratories that consistently conduct tests with low variability and high sensitivity (low

MSDs) will require smaller increases in test replication than laboratories with high

variability and low sensitivity (high MSDs).  Laboratories should calculate MSDs for the

previous 10 - 12 tests of the given effluent using an alpha of 0.05 and 0.01.  While results

from these tests already will have been reported using an alpha of 0.05, this exercise will

provide the permittee with an idea of how often the laboratory might fail to meet the

MSD criterion using the new, reduced alpha of 0.01.  It is important that this evaluation

is made using a single laboratory’s performance (i.e., the laboratory that will perform

testing with the new, reduced alpha) for the single effluent of interest.  If all of the tests

evaluated would have passed the MSD criterion using a reduced alpha of 0.01, then no

increase in test replication will be necessary.  If some of the tests evaluated would have

failed the MSD criterion using a reduced alpha of 0.01, then increased test replication is

needed.

Table 2.2.  Number of within-treatment replicates giving equivalent MSDs (minimum
significant differences) at alpha = 0.05 and 0.01, for a test employing five
concentrations and a control.

Number of replicates 
for alpha = 0.05

Number of replicates
for alpha = 0.01

3 5

4 7

5 8

6 10

7 11

8 13

9 15

10 16

If increased test replication is needed, the extent of the increase should be determined by

calculating the replication needed to pass the MSD criterion in the least sensitive of the

10 previous tests evaluated.  This level of within-treatment replication will be sufficient

to meet the MSD criterion in approximately 90% of tests conducted.  The following

steps and calculations should be followed to determine the needed increase in test

replication across all treatments.  A hypothetical example using Ceriodaphnia dubia 3-

brood reproduction test data from 10 tests (Table 2.3) illustrates this determination. 

When unequal replication among treatments is desired (e.g., more replicates in the
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control treatment than in other treatments), consult Dunnett (1964) for optimizing the

allocation of replicates between the control and other treatments.

1.  Determine the least sensitive of the previous 10 tests - Tabulate the results

from the previous 10 tests conducted on the effluent of interest by a single laboratory

(Table 2.3).  For each test, include the mean control response, the error mean square

(EMS) from the ANOVA, and MSDs calculated using an alpha of 0.05 and 0.01. 

The test with the highest MSD calculated using an alpha of 0.01 should be

considered the least sensitive test of those evaluated.  If replication varied among the

tests evaluated, the least sensitive test should be identified as the test with the largest

ratio of EMS to control mean.  In the example given (Table 2.3), 2 of the 10 tests

(tests 7 and 9) failed to meet the MSD criterion of 37% (Table 2.1) when using an

alpha of 0.01.  Test 9 should be determined to be the least sensitive test since the

MSD of 43.81% is the largest observed in the previous 10 tests.  The following

calculations will determine the additional replication that would be needed for this

test to pass the MSD criterion. 

Table 2.3.  Example results from 10 previous Ceriodaphnia dubia 3-brood reproduction
tests.

Test
%MSD with
alpha = 0.05

%MSD with
alpha = 0.01

Error Mean
Square (EMS)

Control mean

1 20.78 26.82 24.98 24.6

2 16.50 21.29 16.14 24.9

3 20.12 26.273 28.97 26.6

4 23.82 30.75 19.18 18.8

5 23.94 30.90 31.57 24.0

6 26.32 34.94 26.53 18.7

7 29.53 38.11 29.78 18.9

8 17.75 22.90 18.52 24.8

9 33.94 43.81 68.31 24.9

10 18.38 23.73 15.07 22.2

2.  Transform %MSD criterion to MSD - The MSD criterion that should be met

for all tests (Table 2.1) is expressed as a %MSD.  This %MSD should be

transformed to a MSD using the control mean performance in the least sensitive of

the previous 10 tests that are being evaluated.  Perform this transformation using the

following equation:

 MSD
MSD

max

%
=

× Control mean

100%
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where:

MSDmax = the MSD that should have been met in the least sensitive of

the previous 10 tests

%MSD = the %MSD criterion (Table 2.1)

Control mean = the mean control response in the least sensitive of the

previous 10 tests

For the example given, the control mean for test nine should be used in conjunction

with the MSD criterion for the Ceriodaphnia dubia chronic test method (Table 2.1) to

calculate the MSDmax as: 

MSDmax

.
=

×37% 24 9

100%

           MSDmax .= 9 213

3.  Calculate the square root of the error mean square (sw) -  The error mean square

(EMS) is a measure of test variability that is obtained from an ANOVA of test data. 

To evaluate increased replication needs, use the EMS calculated in the least sensitive

of the previous 10 tests.  Calculate the square root of this EMS to obtain the variable

sw that is used in the calculation of test MSDs.  In the example given, the EMS from

test nine should be used to calculate sw as:

s EMSw =

sw = 68 31.

sw = 8 265.

4.  Calculate the MSD using an increase in test replication - Using the equation

below and Table 2.4, calculate the MSD with an alpha of 0.01 and assuming one

additional replicate per treatment.

MSD d s
n nw

c

= × +
1 1

0

where:

d = Dunnett’s t obtained from Table 2.4 using an alpha of 0.01 and

the increased number of replicates

sw = square root of the error mean square from the least sensitive of

the previous 10 tests

n0 = increased number of replicates in the control

nc = increased number of replicates for each effluent concentration
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For the example given, the MSD first should be calculated with one additional

replicate (10 original replicates + 1 additional replicate = 11 replicates) to obtain:

MSD = × +2 940 8 265
1

11
1

11
. .

MSD = 10 36.

Table 2.4.  Comparison of critical Dunnett’s values for five concentrations and a control
using alpha = 0.05 and 0.01.1

Number of replicates Degrees of freedom alpha = 0.05 alpha = 0.01

3 12 2.502 3.420

4 18 2.407 3.206

5 24 2.362 3.107

6 30 2.335 3.049

7 36 2.318 3.012

8 42 2.305 2.986

9 48 2.296 2.967

10 54 2.289 2.952

11 60 2.284 2.940

12 66 2.279 2.931

13 72 2.275 2.923

14 78 2.272 2.916

15 84 2.269 2.910

16 90 2.267 2.905

17 96 2.265 2.901

18 102 2.263 2.897

19 108 2.261 2.894

20 114 2.260 2.891

1 Critical values were calculated using the Dunnett’s procedure in SAS (SAS Institute, 1990).  Critical values were determined using
equal replication in five test concentrations and a control.  Degrees of freedom were determined as N - (k+1), where, N =  total
number of replicates in the experiment, and k = number of non-control treatments.

5.  Determine if the increased replication meets the MSD criterion - If the MSD

calculated in the above step is less than or equal to the MSDmax calculated in step 2,

then the number of replicates used in this calculation is the appropriate replication that

should be used in future testing.  If the MSD calculated in the above step is greater
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than the MSDmax, then repeat step 4 using one additional replicate.  Continue to repeat

step 4, each time with an additional replicate, until the MSD is less than or equal to the

MSDmax calculated in step 2. 

For the example given, the MSD calculated with 11replicates (10.36) was larger than

the MSDmax (9.213) calculated in step 2, so additional replicates are needed.  The

above equation is repeated using one additional replicate until the calculated MSD

meets the criterion.  For this example, the criterion is first met at a level of 14

replicates: 

MSD = × +2 916 8 265
1

14

1

14
. .

MSD = 9109.

Based on the above calculations for this example, the laboratory should use 14 test

replicates per treatment in future testing using an alpha of 0.01.

C Step 3 -  After a target alpha level of 0.01 has been specified (Step 1) and a decision has

been made regarding the need for increased test replication (Step 2), testing may begin

using the target alpha level (0.01) and the revised test design (i.e., replication).  For each

test that is performed, the MSD should be calculated and compared to the MSD criterion

(Table 2.1).  If the test meets the MSD criterion, the results may be reported using the

target alpha level (0.01).  If the test does not meet the MSD criterion, the results should be

reported using the traditional alpha of 0.05.  If more than 1 in 10 tests fail to meet the

criterion, the permittee should reconsider the need and extent of increased replication.
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3 Confidence Intervals

T
he WET method manuals (USEPA, 1993c; USEPA, 1994a; USEPA, 1994b) provide

specific directions for the derivation of effect concentrations from WET tests.   Effect

concentrations recommended for reporting results from WET tests are either based on

hypothesis testing (NOEC, LOEC) or point estimation (LC50, EC50, IC25). Multiple

effect concentrations are possible for each WET method.  For example, the potential endpoints

reported for the fathead minnow larval survival and growth chronic test include an IC25 for

growth, NOEC for growth, LC50 for survival, and a NOEC for survival. For each type of

endpoint, flowcharts in the WET method manuals guide the analyst to the proper choice of

statistical methods based on assumptions and determinations that can be made from the data. The

proper statistical method can then be performed using EPA or commercially available software to

derive the desired effect concentration.  For point estimation techniques (LC50, EC50, IC25) the

statistical methods generally produce an effect concentration with associated 95% confidence

intervals.  However, under certain circumstances confidence intervals are not produced or they are

unreliable.  This chapter provides clarification and guidance on the circumstances under which

confidence intervals are not generated or are not suitable.  Currently, confidence intervals are not

reported in the permit compliance system but may be used in interpreting results of WET tests. 

Statements in this method guidance document regarding software refer to current versions of

software available from USEPA at the following web site address:

http://www.epa.gov/nerleerd/stat2.htm.

When are confidence intervals not generated by point estimation techniques?

Point estimation techniques may fail to generate confidence intervals if:  

C Test data do not meet specific assumptions required by the statistical methods -  Under

these circumstances, an alternate statistical method should be used as indicated in the

flowcharts for statistical analysis provided in the WET method manuals.  These flowcharts

guide the analyst to the proper statistical technique based on the appropriateness of data

assumptions.  In order to obtain reliable point estimates and confidence intervals from the

Probit method, it is required that the data contain at least two partial mortalities (i.e., percent

mortalities between 0 and 100%) and that the slope differ significantly from zero.  If the

assumption of two partial mortalities is not met, the software will provide a warning and

neither point estimates nor confidence intervals will be generated.  If the slope does not differ

significantly from zero, point estimates will be generated without confidence intervals. In either

of two situations (less than two partial mortalities or a significant Chi-square test indicating

lack of fit to the model), the analyst should resort to use of the Spearman-Karber or Trimmed

Spearman-Karber methods as indicated by the flowcharts in the WET method manuals.  The
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Spearman-Karber and Trimmed Spearman-Karber methods require at least one partial

mortality to calculate an effect concentration and associated confidence intervals.  If this

assumption is not met by the data, EPA’s Trimmed Spearman Karber software will

automatically default to the use of the Graphical Method for determining point estimates. 

Since the Graphical Method does not estimate confidence intervals, EPA’s Trimmed Spearman

Karber software will produce a point estimate without confidence intervals and state that 95%

confidence limits are not calculated. For sublethal effects, the inhibition concentration

percentage (ICp) procedure is recommended for determining effect concentrations.  Data

assumptions for the ICp method are not tested by the ICp software.  Thus, failure of test data

to meet assumptions of the ICp method does not result in a failure to generate point estimates

or confidence intervals.

C Point estimates are outside of the test concentration range -  The Probit method may not

produce confidence intervals if the generated point estimate is greater than the highest test

concentration.  In this case, the software will provide a warning that the slope is not

significantly different from zero.  The Spearman-Karber and Trimmed Spearman-Karber

methods will produce neither point estimates nor confidence intervals if the point estimate is

outside of the test concentration range.  In this case, the software will produce an error

message stating that the required trim is too large.  The ICp method will not generate

confidence intervals if a point estimate is above the test concentration range.  The software will

produce a warning that none of the group response means were less than 75% of the control

mean.  Whenever a point estimate lies above the test concentration range, the test result should

be reported as greater than the highest test concentration (e.g., IC25 >100% or LC50 >100%). 

Whenever a point estimate lies below the test concentration range, the test result should be

reported as less than the lowest test concentration (e.g., IC25 <6.25% or LC50 <6.25%).

Under these circumstances, confidence intervals are not applicable since exact point estimates

are not reported.  

C Specific limitations imposed by the software are encountered - The ICp software may fail

to generate confidence intervals if the number of random resamplings of the data used in the

bootstrapping technique is not a multiple of 40.  This may occur when the analyst selects a

number of resamplings that is not a multiple of 40, or it may occur if one or more of the

random resamples is automatically removed from the analysis.  The ICp software will

automatically remove random resamples that produce effect concentrations above the highest

test concentration.  If this occurs, the software will produce an error message that states that

the number of resamplings was not a multiple of 40.  The occurrence of this error increases

with increasing test variability, increases as the point estimate approaches the highest test

concentration, and increases with an increasing number of random resamples selected.  This

anomaly is due to a limitation of the ICp software and not necessarily an inherent limitation of

statistical bootstrapping techniques upon which the software is based.  For this reason, EPA

recommends that confidence intervals for the ICp method not be reported or used in WET

testing until the ICp software has been thoroughly reviewed by experts and possibly modified. 

This recommendation should not affect NPDES reporting in the interim since confidence

intervals are not currently reported in the permit compliance system.
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In summary, the choice of statistical methods, the choice of software for analysis, and the

appropriateness of test data for those methods and software is important in generating reliable

results.  Computer programs for WET data analysis, modifications to those programs, data

appropriateness for the programs, and user decision points within the programs should be

evaluated by a statistician to verify that use of the programs is consistent with the WET method

manuals and current statistical science.  Laboratory analysts and regulatory authorities should also

recognize that confidence intervals from statistical programs should always be considered

approximate.  Confidence intervals may not provide the exact coverage intended because of

deviations from method assumptions.  Lastly, investigators should keep informed of additional and

improved techniques and software for WET data analysis that may become available.
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4 Concentration-
Response
Relationships

T
his chapter is designed to explain the concept of a concentration-response relationship. 

This chapter also identifies common patterns of WET test data and provides guidance on

using the concentration-response concept to review WET test results.

How will this guidance be incorporated into WET test methodology?

EPA plans to incorporate the guidance presented in this chapter into the WET method manuals

(USEPA, 1993c; USEPA, 1994a; USEPA, 1994b).  A proposal to amend the manuals is expected

to appear in the Federal Register by March 2001. 

What is the concentration-response relationship concept?

The concept of a concentration-response, or more classically, a dose-response relationship is “the

most fundamental and pervasive one in toxicology” (Casarett and Doull, 1975).  This concept

assumes that there is a causal relationship between the dose of a toxicant (or concentration for

toxicants in solution) and a measured response.  A response may be any measurable biochemical or

biological parameter that is correlated with exposure to the toxicant.  The classical concentration-

response relationship is depicted as a sigmoidal shaped curve (Figure 4.1), however, the particular

shape of the concentration-response curve may differ for each coupled toxicant and response pair. 
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Figure 4.2.  Example determination of point estimates  from a concentration-
response curve.

In general, more severe responses (such as acute effects) occur at higher concentrations of the

toxicant, and less severe responses (such as chronic effects) occur at lower concentrations (Figure

4.1).  A single toxicant also may produce multiple responses, each characterized by a

concentration-response relationship. 

In classical toxicology, concentration-response curves are generally displayed such that responses

increase with increasing concentration (Figure 4.1).  This is accomplished by defining responses in

terms of adverse effects (e.g., mortality, reduction in growth, reduction in reproduction).  The

WET method manuals do not follow this convention; rather, responses are displayed in terms of

survival, growth, and reproduction such that concentration-response curves for toxicants decrease

with increasing concentration.  This guidance will remain consistent with the convention

established in the WET method manuals and will display concentration-response relationships for

WET data such that responses decrease with increasing concentration. 

How is the concentration-response concept used in WET testing?

The concentration-response concept is the basis for the determination of point estimates (LC50,

EC50, IC25, etc.) in WET testing.  A biological response (mortality, growth inhibition,

reproductive inhibition, etc.) is measured at a range of effluent concentrations to develop a

concentration-response curve.  This curve, which is typically sigmoidal, is then linearized by

various transformations of the data (e.g., probit transform) to assist in drawing conclusions from

the relationship.  From the resulting linearized concentration-response curve, a point estimate effect

concentration can be calculated (Figure 4.2).  The effect concentration is an estimate of the

concentration of effluent that will produce a specific level of response (e.g., 50% mortality).  In

WET testing, effect concentrations such as the LC50, EC50, IC25 and IC50 are commonly used to

report WET test results.  
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How can the concentration-response concept be used to review WET test results?

A corollary of the concentration-response concept is that every toxicant should exhibit a

concentration-response relationship, given that the appropriate response is measured and given that

the concentration range evaluated is appropriate.  Use of this concept can be helpful in determining

whether an effluent possesses toxicity and in identifying anomalous test results.  An evaluation of

the concentration-response relationship generated for each sample is an important part of the data

review process that should not be overlooked.  This chapter provides guidance on identifying valid

concentration-response relationships and interpreting results from unexpected concentration-

response patterns.  This guidance on reviewing concentration-response 

relationships should be viewed as a component of a broader quality assurance and data review and

reporting process that includes: 

C Review of test conditions - The WET method manuals provide a summarized method-specific

list of test conditions that should be followed in all WET test (e.g., test temperatures, number

of replicates, test chamber sizes and volumes, lighting, feeding regimes, etc.).  The conduct of

each test should be reviewed to ensure that these conditions were met within the flexibility

provided by the method manuals.  The test conditions used in the test and any deviation from

WET method manual requirements should be clearly reported.  Daily measurements should be

reviewed to ensure that values are within the acceptable ranges.  Calibration of equipment

should be verified and noted.

C Review of test acceptability criteria - The WET method manuals provide method-specific

minimum criteria for the acceptability of tests (e.g., minimum control survival, reproduction,

growth, or variability).  These criteria are requirements of the methods, and any test not

meeting the minimum test acceptability criteria should be considered invalid.  All invalid tests

should be repeated with a newly collected sample.  While permit compliance should not be

based on an invalid test, EPA’s promulgation of the methods requires the results of all tests to

be reported (valid or invalid).

C Review of reference toxicant testing - Reference toxicant testing is an important quality

control practice that is required in the WET method manuals.  Reference toxicant testing

should be conducted on at least a monthly basis for each test method routinely conducted in a

laboratory.  WET test review should include evaluation of the most recent reference toxicant

test and the reference toxicant cusum chart maintained by the laboratory.  All reference

toxicant tests should be conducted similarly (e.g., test duration, test conditions, test endpoint)

to effluent tests being conducted.  For instance, acute reference toxicant testing should be

conducted to accompany acute testing of effluents, and short-term chronic reference toxicant

testing should be conducted to accompany short-term chronic testing of effluents. 

C Review of organism culture health and performance - EPA recommends that laboratories

monitor and record the health and performance of organism cultures from which test organisms

are obtained.  For instance, the survival and reproduction of Ceriodaphnia dubia brood stock

should be monitored and recorded during routine culture maintenance (i.e., water changes). 

This can be accomplished with a subset of 10 to 20 brood culture animals in individual culture

vessels.  This monitoring and documentation allows a laboratory to assess the current condition
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of organism cultures prior to initiating a test and can allow the laboratory to postpone testing if

organism cultures are unhealthy.  This can potentially reduce the incidence of invalid tests and

the cost associated with retesting.  In the test review step, the documentation of culture health

and performance can be useful in either identifying or eliminating poor culture health as a

cause for marginal control performance in a test.  Laboratories should maintain culture control

charts (cusum charts) for survival, reproduction, growth, or other parameters for the

appropriate species.

C Review of test variability - EPA recommends that the variability of each WET test, measured

as a minimum significant difference (MSD) or percent MSD, be calculated and reported with

all test results.  EPA also recommends that laboratories maintain control charts for percent

MSDs (USEPA, 2000).  These control charts will allow laboratories to assess individual test

variability in the context of typical variability within the laboratory.  High test variability can

result in insensitive tests or unexpected concentration-response relationships.  Consult USEPA

(2000) for additional guidance on WET test method variability. 

C Review of concentration-response relationships - The guidance provided in this chapter may

be used to assist in evaluating the concentration-response relationship as a part of the data

review and reporting process.  The succeeding section (“What are some patterns of

concentration-response relationships typically seen in WET test data?”) provides examples of

common patterns in WET test data, discusses possible causes and solutions for unexpected

patterns, and provides guidance on when to accept or reject test data based on the

concentration-response concept.  Some states have already developed similar guidance

(Washington State Department of Ecology, 1997).  It should be noted that the determination of

a valid concentration-response relationship is not always clear cut.  Data from some tests may

suggest consultation with professional toxicologists and/or regulatory officials.  Tests that

exhibit unexpected concentration-response relationships also may indicate a need for further

investigation and possible retesting.  In general, when unexpected or apparently anomalous

concentration-response relationships are encountered, EPA recommends the following:

- attempt to determine a cause for the response - The above mentioned test review steps

and specific guidance for individual concentration-response relationships (see “What are

some patterns of concentration-response relationships typically seen in WET test data?”)

may assist in determining a cause for unexpected concentration-response relationships. 

Unexpected concentration-response relationships could be valid response patterns or

anomalies resulting from Type I test error, high test variability, or other causes.  If a given

effluent consistently produces a specific, unexpected concentration-response relationship,

there is likely a physical, chemical or biological cause.  In situations where difficult-to-

interpret concentration-response relationships are produced consistently by a given

effluent, consultation with professional toxicologists is recommended.  Toxicity

identification evaluation (TIE) procedures (USEPA, 1991a; USEPA, 1992; USEPA,

1993a; USEPA, 1993b; USEPA, 1996b) also provide guidance that may be useful in

determining a cause for such concentration-response relationships. 

- follow guidance for specific concentration-response patterns -  The succeeding section

(“What are some patterns of concentration-response relationships typically seen in WET
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test data?”) provides examples of 10 concentration-response patterns that may be exhibited

by WET test data.  This section provides guidance in interpreting each concentration-

response pattern using a step-by-step review process.  Based on this review, the guidance

may recommend acceptance of the calculated results (e.g., NOEC or IC25) as valid and

reliable, explanation of the calculated results as anomalous, or retesting. 

- increase testing frequency -  EPA recommends a testing frequency increase after any

anomalous, questionable, or failing test result, with the number of tests and duration of

testing to be determined by the regulatory authority.  

- coordinate with regulatory authorities, permittees, and testing laboratory -  EPA

recommends that regulatory authorities, permittees, and testing laboratory personnel work

together to resolve difficult-to-interpret WET test data.  EPA also recommends that

discussions be initiated as soon as possible when questions arise regarding WET test

results.

This chapter provides additional guidance on reviewing test data; it is not the intent of this chapter

to recommend the frequent disqualification and repetition of WET tests.  Several warnings and

safeguards should be considered when implementing the guidance in this chapter.  First,

unexpected concentration-response relationships should not occur with any regular frequency. 

Second, it is not recommended to screen only those tests in which toxicity is found at or below the

receiving water concentration (RWC).  If screening is to be done for unexpected concentration-

response relationships, all tests should be screened in a similar manner.  Third, all testing results

should be reported to the regulatory authority, and the regulatory authorities should review all tests

(including those disqualified and repeated).  Regulatory authorities should be alert to patterns such

as a high or increasing test rejection rate or a tendency for disqualified tests to show toxicity more

often than tests accepted without qualification.

What are some patterns of concentration-response relationships typically seen in
WET test data?

Ten concentration-response patterns that may appear in WET testing are individually described

and illustrated below using hypothetical test data.  This section provides guidance in interpreting

each concentration-response pattern.  The guidance focuses on determining a cause for unexpected

concentration-response patterns by recommending a step-by-step review process.  Based on this

review, the guidance may recommend acceptance of the calculated results (e.g., NOEC or IC25) as

valid and reliable, explanation of the calculated results as anomalous, or retesting.  When retesting

is recommended, this generally means beginning a new test on a newly collected sample since

sample holding times are typically expired by the time results are obtained from the original test. 

Test results should be reported for all tests conducted, even if retesting is recommended.
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1.  Ideal concentration-response relationship 

This response pattern (Figure 4.3) shows a clear concentration-response relationship, with multiple

effluent concentrations identified as significantly different from the control.  This pattern also

shows a monotonic decrease in response, meaning that the response steadily decreases for each

higher effluent concentration.  This pattern is indicative of a well designed test with appropriately

chosen concentrations that bracket the effluent’s range of toxicity.  Under these circumstances, the

hypothesis testing and point estimation techniques recommended in the WET method manuals

provide reliable results. 

Figure 4.3.  Ideal concentration-response relationship. 1

1 Solid squares indicate data points that are statistically significantly different from the control, and hollow squares indicate data
points that were not significantly different from the control.  The dotted line shows the control mean minus the minimum significant
difference (MSD); any test treatment response mean less than this value is considered to differ significantly from the control mean.

2.  All or nothing response  

The “all or nothing” response pattern is very common in WET test data. This response pattern

(Figure 4.4) is characterized by a transition from no significant effect at one effluent concentration

to a complete effect (100% mortality) at the next higher concentration.  While not ideal, this

pattern also represents a valid concentration-response relationship, and both hypothesis testing and

point estimation techniques recommended in the WET method manuals will provide reliable

results.  This pattern of response is indicative of a steep concentration-response curve for the given

effluent, and under these circumstances, the precision of the estimate may be improved by closer

spacing of effluent concentrations (increased dilution factor) or the addition of intermediate effluent

concentrations in future testing.
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Figure 4.4.  All or nothing concentration-response relationship. 1 

1 Solid squares indicate data points that are statistically significantly different from the control, and hollow squares indicate data
points that were not significantly different from the control.  The dotted line shows the control mean minus the minimum significant
difference (MSD); any test treatment response mean less than this value is considered to differ significantly from the control mean.

3.  Stimulatory response at low concentrations and detrimental effects at higher
concentrations  

A stimulatory response is a nonmonotonic concentration-response relationship characterized by a

measured increase in the response (stimulation) at low concentrations.  This stimulation at low

concentrations can be followed by a detrimental effect at higher concentrations (Figure 4.5) or by

no effect at higher concentrations (see Section 4 following).  Davis and Svendsgaard (1993) found

that such nonmonotonic concentration-response relationships occurred in 12-24% of the

toxicological studies surveyed.  The stimulatory response pattern characterized in Figure 4.5 is

typically found with sublethal endpoints such as reproduction, growth, fertilization, or larval

development.  For instance, test organism reproduction may increase (relative to the control) at low

concentrations of an effluent and decrease relative to the control at higher concentrations.  This

concentration-response pattern, while nonmonotonic, is still a valid concentration-response

relationship, and both hypothesis testing and point estimation techniques recommended in the WET

method manuals will provide reliable results.
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Figure 4.5.  Stimulation at low concentrations and significant effects at high concentrations. 1

1 Solid squares indicate data points that are statistically significantly different from the control, and hollow squares indicate data
points that were not significantly different from the control.  The dotted line shows the control mean minus the minimum significant
difference (MSD); any test treatment response mean less than this value is considered to differ significantly from the control mean.

4.  Stimulation at low concentrations but no significant effect at higher concentrations 

This concentration-response relationship is similar to the previous example in that stimulation is

observed at lower concentrations, but in this case, higher concentrations do not produce significant

effects (Figure 4.6).  In this situation, hypothesis testing techniques should produce reliable results,

assuming that adequate test sensitivity is achieved.  Results from point estimation techniques

should be interpreted carefully when this response pattern is encountered, because the inhibition

concentration percentage (ICp) procedure may produce effect concentrations (particularly IC25s)

that indicate toxicity at effluent concentrations where the response is comparable to the control

response.  The ICp procedure assumes that responses: (1) are from a random, independent, and

representative sample of test data; (2) follow a piecewise linear response function; and (3) are

monotonically non-increasing, meaning that the mean response for each higher concentration is less

than or equal to the mean response for the previous concentration.  If the data are not

monotonically non-increasing, the ICp procedure adjusts the response means using a “smoothing”

technique that averages adjacent means (see Appendix M of USEPA, 1994a).  This technique

averages response means (including that of the control) with those of the next highest test

concentration until responses are monotonically non-increasing.  In cases where the responses at

the low effluent concentrations are much higher than in the control, the smoothing process may

result in a large upward adjustment in the control mean.  This can lead to an IC25 result that is less

than the highest test concentration, even though the highest test concentration was not statistically

different from the control treatment and even if a percent difference of less than 25% was observed

between the control response and the response at the highest test concentration.  
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Figure 4.6.  Stimulation at low concentrations but no significant effect at higher
concentrations. 1

1 Solid squares indicate data points that are statistically significantly different from the control, and hollow squares indicate data

points that were not significantly different from the control.  The dotted line shows the control mean minus the minimum

significant difference (MSD); any test treatment response mean less than this value is considered to differ significantly from the

control mean.

If the response pattern depicted in Figure 4.6 (stimulation at low concentrations but no

significant effect at higher concentrations) is encountered, the following review steps should be

taken in addition to standard test review procedures:

CC Evaluate the concentration range - If the highest concentration used in the test was less

than 100% effluent (or the highest achievable effluent concentration for marine tests), the

effluent should be retested using higher test concentrations to establish if a valid

concentration-response relationship exists.  This may not be necessary if the permit limit is

set at much lower than 100% effluent and test results indicate no toxicity at the permit limit

level and at least one concentration above the permit limit.

CC Compare hypothesis testing results and point estimates - If there is agreement between

the NOEC and the IC25 for tests producing the concentration-response pattern depicted in

Figure 4.6 (i.e., neither value indicates toxicity at or below the permitted RWC, or both

values indicate toxicity at or below the RWC) the test results should be reported and

considered valid.  If, however, the NOEC indicates no toxicity at the RWC (i.e., NOEC

greater than or equal to RWC) but the IC25 is calculated as less than the RWC, the remaining

recommended actions should be taken.

C Evaluate control response - It is possible that the response pattern depicted in Figure 4.6

could result from poor performance in the controls rather than stimulation at the lower test

concentrations.  This poor control performance could cause a toxic effect at higher test

concentrations not to be detected.  To evaluate this possibility, compare the control response
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to the normal control performance for the laboratory.  If (1) a particular test exhibits the

response pattern depicted in Figure 4.6, (2) there is disagreement between NOEC and IC25

estimates, and (3) the mean control response is well below the laboratory’s normal range of

control performance; retesting of the effluent is recommended even if the minimum test

acceptability criteria have been met.  For example, if a laboratory consistently achieves a

control mean of 25-30 neonates for the Ceriodaphnia dubia 3-brood chronic test, a control

mean of 15-18 neonates (in conjunction with a non-ideal concentration-response curve and

disagreement between the NOEC and IC25) would warrant retesting.  In this situation,

suppressed control performance could be considered as the cause for this response pattern

rather than stimulation.  A review of control performance should also investigate the

possibility of poor performance in a single replicate substantially reducing the mean control

response.  In this case, retesting is also recommended.

C Evaluate the test sensitivity - Discrepancies between IC25 and NOEC values could be due

to low test sensitivity.  To determine if this is the case, evaluate the sensitivity of the test by

comparing the test MSD to MSD criteria for the given test method (see Chapter 2 of this

guidance and USEPA, 2000) and to the laboratory’s historical test sensitivity performance. 

Laboratories are encouraged to track test sensitivity (as %MSDs) for tests conducted over

time.  If a test exhibits the response pattern depicted in Figure 4.6 and the test MSD is above

maximum recommended criteria for the method or above the laboratory’s typical range, the

sample should be retested.  

C Evaluate the ICp calculation - If a test exhibits the response pattern depicted in Figure 4.6

and it has been determined from the above actions that the pattern is not due to poor control

performance or low test sensitivity, then discrepancies between the NOEC and IC25 may be

due to bias from the ICp smoothing technique.  To determine if this is the case, calculate the

observed percent difference between the response at the RWC and the control as: 

 
( )µ µ

µ
c RWC

c

−
× 100%

where:

= mean control responseµ c

= mean response at the receiving water concentration (RWC)µ RWC

If the observed percent difference between the response at the RWC and the control is less

than 25% and the response at the RWC is not statistically significantly different from the

control response, then a calculated IC25 of less than the RWC should be noted as anomalous

and the effluent determined to be non-toxic at the RWC.  If the observed percent difference

is equal to or greater than 25%, then the calculated IC25 should be considered valid. 
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5.  Interrupted concentration-response: significant effect bracketed by non-significant effects 

This response pattern is characterized by a single test concentration showing a significant

difference from the control while adjacent higher and lower test concentrations do not differ

significantly from the control (Figure 4.7).  When this response pattern is encountered, point

estimation techniques generally will yield reliable results, but hypothesis testing results should be

interpreted carefully.  The method manual definitions of NOEC (the highest concentration of

toxicant in which the values for the observed responses are not statistically significantly different

from the controls) and LOEC (the lowest concentration of toxicant in which the values for the

observed responses are statistically significantly different from the controls) were intended for

situations where the concentration-response relationship is monotonically non-increasing.  Under

these circumstance, the NOEC and LOEC are always adjacent values with the NOEC being the

test concentration just below the LOEC.  In circumstances where the concentration-response

relationship is non-monotonic (as in Figure 4.7), the identification of NOEC and LOEC values is

severely compromised (Chapman et al., 1996).  For this response pattern, the following review

actions should be taken in addition to standard test review procedures to determine the validity of

results obtained by hypothesis testing:

Figure 4.7.  Interrupted concentration-response:  significant effect bracketed by non-
significant effects. 1

1 Solid squares indicate data points that are statistically significantly different from the control, and hollow squares indicate data
points that were not significantly different from the control.  The dotted line shows the control mean minus the minimum significant
difference (MSD); any test treatment response mean less than this value is considered to differ significantly from the control mean.

C Check for test condition or procedural errors - The concentration-response relationship

depicted in Figure 4.7 could result from test conditions errors (such as pH, DO, salinity, or

temperature excursions) occurring in isolated test replicates.  This concentration-response
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pattern also could be due to procedural errors such as failure to properly randomize test

organisms or test chamber placement.  The laboratory should verify that all test conditions

were within ranges required by the WET method manuals for the given test method.  The

laboratory should verify that the assignment of test organisms to individual treatments was

properly randomized (Davis et al., 1998).  This can be complete randomization or block

randomization (as with the Ceriodaphnia dubia 3-brood reproduction test).  The laboratory

also should verify that the positions of test chambers within the experiment were properly

randomized.  If test condition or procedural errors are identified, the sample should be retested.

C Evaluate within-treatment variability - It is possible for poor performance in a single

replicate to bias the mean response for a given test concentration and cause that concentration

to differ significantly from the control.  For this reason, the within-treatment variability should

be evaluated for the significantly different treatment.  If the variability (standard deviation or

CV) for that treatment is considerably greater than for other treatments, then responses of

individual replicates should be investigated.  This investigation may show that a single outlier

replicate has biased the treatment mean.  If this is the case and the responses from all but the

single outlier replicate are consistent with the control response, then the sample should be

retested.

CC Evaluate test sensitivity - When the response pattern depicted in Figure 4.7 is encountered, it

is important to evaluate test sensitivity.  If test sensitivity is low (e.g. high MSD values), large

effects at higher test concentrations may not be detected as statistically significant. To evaluate

test sensitivity, compare the MSD for the test to benchmark criteria for the given test method

(see Chapter 2 of this guidance and USEPA, 2000) and to the laboratory’s historical test

sensitivity performance.  As previously mentioned, laboratories are encouraged to track test

sensitivity (as %MSDs) for tests conducted over time. If test sensitivity is low (i.e., MSDs are

above maximum recommended criteria or typical laboratory performance), then the sample

should be retested.  Consult Section 6.4 in USEPA (2000) for additional guidance on

implementing upper and lower bounds on test sensitivity.  

If test sensitivity is moderate to high (i.e., MSDs below the maximum recommended criteria

and within the laboratory’s typical performance range) and none of the preceding evaluations

have determined a cause for this response pattern, it is likely that the significantly different

treatment is the result of a Type I error.  A Type I error is the error of incorrectly rejecting the

null hypothesis (assuming that the treatment is significantly different from the control) when in

fact the null hypothesis is true (the treatment is not significantly different from the control).  In

this situation, due to the absence of a valid concentration-response relationship, the

intermediate concentration that was determined by hypothesis testing to be statistically

different from the control should be considered anomalous, and the NOEC should be

determined as the highest concentration that was not significantly different from the control. 

Using Figure 4.7 to illustrate, the 25% concentration would be considered anomalous, the

reported NOEC would be 100%, and the reported LOEC would be >100%.  Under these

circumstances, test results should still note that the 25% concentration was statistically
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different from the control but was considered anomalous due to analysis of the concentration-

response curve and the above review steps.

6.  Interrupted concentration-response: non-significant effects bracketed by significant effects 

This response pattern is similar to the previous response pattern in that the concentration-response

curve is nonmonotonic (or interrupted), however, this response pattern is characterized by two or

more test concentrations showing a significant difference from the control while an intermediate

test concentration does not differ significantly from the control (Figure 4.8).  When this response

pattern is encountered, point estimation techniques will generally yield reliable results, but

hypothesis testing results should be interpreted carefully.  As mentioned for the previous

concentration-response pattern, the identification of NOEC and LOEC values is severely

compromised (Chapman et al., 1996) when the concentration-response relationship is non-

monotonic (as in Figure 4.8).  For this response pattern, the test sensitivity should be evaluated as

described below in addition to standard test review procedures to determine the validity of results

determined by hypothesis testing.

Figure 4.8.  Interrupted concentration-response: non-significant effects bracketed by
significant effects. 1

1 Solid squares indicate data points that are statistically significantly different from the control, and hollow squares indicate data
points that were not significantly different from the control.  The dotted line shows the control mean minus the minimum significant
difference (MSD); any test treatment response mean less than this value is considered to differ significantly from the control mean.

CC Evaluate test sensitivity - When the response pattern depicted in Figure 4.8 is encountered, it

is important to evaluate test sensitivity by comparing test MSDs to minimum and maximum

MSD criteria recommended by EPA (USEPA, 2000).  If the test MSD is lower than the

minimum MSD criterion, only effects larger than the minimum MSD criterion should be
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considered significant.  For example, if the minimum MSD criterion for a method is 15% and

the calculated test MSD is 10%, only effects greater than 15% difference compared to the

control should be considered significant.  If test sensitivity is low (i.e., test MSD is above

maximum MSD criterion), the sample should be retested.  If test sensitivity is moderate (i.e.,

test MSD is within minimum and maximum MSD criterion), the test results should be

considered valid and the NOEC should be reported as the concentration below the LOEC.  For

the case depicted in Figure 4.8, a NOEC of 12.5% should be reported.  Consult Section 6.4 in

USEPA (2000) for additional guidance on implementing upper and lower bounds on test

sensitivity.  

7.  Significant effects only at highest concentration 

This response pattern is characterized by only the highest test concentration producing a

significantly different response from the control (Figure 4.9).  This response pattern should be

considered to be a valid concentration-response relationship and results determined by point

estimation should be assumed to be reliable.  Hypothesis testing results are also assumed to be

reliable following the evaluation of test sensitivity as described below.  If the response pattern

depicted in Figure 4.9 (significant effects only at highest concentration) is encountered, the

following review steps should be taken in addition to standard test review procedures:

CC Evaluate the concentration range - When this response pattern occurs, the concentrations

used for testing should be evaluated in future tests using this effluent.  If the highest effluent

concentration used in the test was less than 100% (or the highest achievable effluent

concentration for marine tests), future testing using this sample should include at least one

higher test concentration to confirm the presence of a concentration-response relationship.  If

the test used a 100% effluent concentration treatment, it is difficult to confirm a concentration-

response relationship through retesting because concentrations are constrained to less than or

equal to 100% in whole effluent testing.  If this response pattern occurs commonly with a given

effluent, future testing of the effluent should use a dilution factor of >0.5 such that test

concentrations closer to the 100% effluent concentration are used (i.e., a dilution factor of 0.65

would provide a test concentration series of 18%, 27%, 42%, 65%, and 100%).  This would

provide a better opportunity to confirm a concentration-response relationship that may exist at

the upper end of the concentration range.  This approach should be used only if historical

testing of the effluent indicates consistency and the effect concentration is not likely to fall

below the adjusted test concentration series.

CC Evaluate test sensitivity - Evaluate test sensitivity by comparing test MSDs to minimum and

maximum MSD criteria recommended by EPA (USEPA, 2000).  If the test MSD is lower than

the minimum MSD criterion, only effects larger than the minimum MSD criterion should be

considered significant.  For example, if the minimum MSD criterion for a method is 15% and

the calculated test MSD is 10%, only effects greater than 15% difference compared to the

control should be considered significant.  If test sensitivity is low (i.e., test MSD is above

maximum MSD criterion), the sample should be retested.  If test sensitivity is moderate (i.e.,

test MSD is within minimum and maximum MSD criterion), the test results should be
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considered valid and the NOEC should be reported as the concentration below the LOEC.  For

the example given in Figure 4.9, a NOEC of 50% effluent should be reported.  Consult Section

6.4 in USEPA (2000) for additional guidance on implementing upper and lower bounds on test

sensitivity.  

Figure 4.9.  Significant effects only at highest concentration. 1

1 Solid squares indicate data points that are statistically significantly different from the control, and hollow squares indicate data
points that were not significantly different from the control.  The dotted line shows the control mean minus the minimum significant
difference (MSD); any test treatment response mean less than this value is considered to differ significantly from the control mean.

8.  Significant effects at all test concentrations but flat concentration-response curve 

This response pattern is demonstrated in Figure 4.10.  All of the test concentrations produce a

response that is significantly different from the control response, but a clear concentration-response

relationship cannot be determined. This response pattern could be due to: (1) extremely low

variability in the control, (2) an unusually high control response, (3) an inappropriate dilution

water and improper use of dilution water controls, (4) inappropriate test dilution series, (5)

potential pathogen effects in the effluent, (6) an unusual effluent-dilution water interaction. The

following review actions should be taken to determine a cause for this concentration-response

pattern and to subsequently determine the validity of calculated results.

CC Evaluate test sensitivity - The response pattern depicted in Figure 4.10 may be an artifact of

the data resulting from extremely precise control results and extremely high test sensitivity. 

Investigate this possibility by comparing test MSDs to minimum MSD criteria recommended

by EPA (USEPA, 2000).  If the test MSD is lower than the minimum MSD criterion, only

effects larger than the minimum MSD criterion should be considered significant.  For example,

if the minimum MSD criterion for a method is 15% and the calculated test MSD is 10%, only

effects greater than 15% difference compared to the control should be considered significant. 
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If test sensitivity is low (i.e., test MSD is above maximum MSD criterion), the sample should

be retested.  Consult Section 6.4 in USEPA (2000) for additional guidance on implementing

upper and lower bounds on test sensitivity.  

Figure 4.10.  Significant effects at all test concentrations but flat concentration-response
curve. 1

1 Solid squares indicate data points that are statistically significantly different from the control, and hollow squares indicate data
points that were not significantly different from the control.  The dotted line shows the control mean minus the minimum significant
difference (MSD); any test treatment response mean less than this value is considered to differ significantly from the control mean.

CC Evaluate control response - The concentration-response pattern depicted in Figure 4.10 could

result from an unusually high response in the control treatment.  Laboratories are encouraged

to track the performance of controls in tests conducted over time.  When the response pattern

depicted in Figure 4.10 is exhibited, the control response for the test should be compared to

historic control performance in the laboratory using the given dilution water.  If the mean

control response is above the normal range for that laboratory and dilution water, the sample

should be retested.

C Evaluate dilution water - The improper use of dilution waters and dilution water controls

could cause the concentration-response pattern depicted in Figure 4.10.  It should be confirmed

that test treatment concentrations were compared to the dilution water control and not a culture

water control.  A statistical comparison of the dilution water control and the culture water

control should also be made if they are from different sources.  If the dilution water control

shows a statistically significant difference from the culture water control, alternate dilution

waters should be considered and the sample retested (see Chapter 6 of this guidance).

CC Evaluate test concentrations - If all test concentrations produce a complete effect (e.g., 100%

mortality, zero reproduction, etc.), a flat concentration-response relationship will result.  This

concentration-response relationship should be considered valid, and it indicates high toxicity in
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the sample.  Assuming that the concentration range used in the test brackets the permitted

RWC, it is not necessary to retest the sample, since the test results clearly indicate toxicity.  If

all test concentrations were significantly different from the control but did not produce

complete effects (as in Figure 4.10), the dilution series should be investigated.  It is possible

that the test concentration range used for the test was too narrow to distinguish a shallow

sloped concentration-response curve.  Test concentrations may not have been low enough to

produce no significant effect and may not have been high enough to produce severe effects.  If

this situation is suspected, the sample should be retested using an expanded dilution series

range.  Effluent concentrations that are lower than those used in the previous test should be

added.  Effluent concentrations that are higher than those used in the previous test also should

be added (if possible) to assist in determining a concentration-response relationship.

C Consider pathogen effect -   The concentration-response pattern depicted in Figure 4.10 could

also be due to the presence of pathogens in the effluent.  The most common identifier of

pathogen effects are sporadic mortalities and extremely high variability between replicates. 

The pathogen effect is more common in tests using fish species than in invertebrate testing. 

This pathogen effect also may be evident only in chronic tests and not in acute tests.  Pathogen

effects also may be seasonal in occurrence.  If within-treatment CVs for survival are >40% for

effluent concentrations and relatively small for control replicates in standard synthetic water,

pathogen effect should be considered.  If pathogen effects are suspected in the effluent, this

may be confirmed in subsequent side-by-side testing using the effluent and the effluent treated

by brief exposure to UV light or the addition of antibiotics, or increasing the number of

replicates and using less test organisms in each replicate.  If pathogen effects in the effluent are

confirmed, the sample should be retested and the regulatory authority should be consulted prior

to changing testing procedures.

C Continued testing -  If all of the above scenarios have been investigated and have not revealed

the cause of the response pattern, the results should be considered valid; however, continued

testing should be initiated in an effort to identify the cause of the response pattern.  If an

effluent consistently exhibits this response pattern, additional investigations could include

chemical analysis or initiation of TIE procedures.

9.  Significant effects at all test concentrations with a sloped concentration-response curve 

This concentration-response pattern is similar to the pattern identified in item #8 above except a

concentration-response curve can be identified at the higher effluent concentrations (Figure 4.11). 

This pattern is considered to be a valid concentration-response relationship, and point estimation

techniques will generally yield reliable results.  Results determined by hypothesis testing techniques

should be interpreted carefully, and the cause for significantly different effects at low

concentrations should be investigated as described for the response pattern described in item #8.     
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Figure 4.11.  Significant effects at all test concentrations with a sloped concentration-response
curve. 1

1 Solid squares indicate data points that are statistically significantly different from the control, and hollow squares indicate data
points that were not significantly different from the control.  The dotted line shows the control mean minus the minimum significant
difference (MSD); any test treatment response mean less than this value is considered to differ significantly from the control mean.

10.  Inverse concentration-response relationship

This response pattern is characterized by a relationship in which adverse effects decrease with

increasing effluent concentration (Figure 4.12).  This situation is most often encountered in algal

growth tests, and is typically caused by excess nutrients in the effluent.  While a valid

concentration-response relationship is demonstrated in this circumstance, the effluent should be

considered nontoxic since the direction of the concentration-response relationship indicates

decreasing adverse effects.  It should be noted that while the effluent is considered non-toxic, the

presence of excess nutrients still may pose a potential risk to the environment due to nutrient

enrichment and oxygen depletion. 

An inverse concentration-response pattern also may occur in tests other than algal growth assays

when the dilution water used is a receiving water or synthetic water adjusted to approximate the

receiving water characteristics.  In such situations, the inverse concentration-response pattern can

result from toxicity in the receiving water or the limitation of necessary components (i.e., hardness)

in the receiving water or adjusted synthetic water. Under such circumstances, the objective of the

toxicity test should be evaluated (see Chapter 6 of this guidance).  If the objective of the test is to

determine the toxicity of the effluent in the natural receiving water, then the results indicate no

toxicity in the sample.  If the objective of the toxicity test is to determine the absolute presence of

toxicity in the effluent, the sample should be retested using a standard synthetic dilution water. 

Toxicity or limiting components in the receiving water or adjusted synthetic water may mask the
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presence of low level toxicity in the effluent, making the absolute determination of toxicity in the

effluent difficult. 

Figure 4.12.  Inverse concentration-response relationship. 1

1 Solid squares indicate data points that are statistically significantly different from the control, and hollow squares indicate data
points that were not significantly different from the control.  The dotted line shows the control mean minus the minimum significant
difference (MSD); any test treatment response mean less than this value is considered to differ significantly from the control mean.
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5 Dilution Series
Selection

T
his chapter provides guidance on the selection of an appropriate dilution series for a WET

test.  

Do the WET method manuals specify a certain dilution series?

The WET method manuals (USEPA, 1993c; USEPA, 1994a; USEPA, 1994b) suggest, but do not

require, a dilution series of 6.25%, 12.5%, 25%, 50%, and 100% effluent for most effluents.  This

dilution series should be used as a default when little information is known about the effluent being

tested and when initial range finding indicates that the effect concentration of interest is within the

6.25% to 100% effluent range.  In many situations, a more appropriate dilution series can be

selected based on experience from repeated testing of a given effluent.  The WET method manuals

do recommend a dilution factor of $0.5 for preparing test concentrations.  This recommendation

does not fix the dilution factor, but is provided to establish a lower limit on the dilution factor.  The

use of dilution factors greater than 0.5 is encouraged when historical testing indicates that an

effluent is relatively consistent and effect concentrations generally fall within a given range. 

Why is selecting an appropriate dilution series important?

The selection of a dilution series (number and spacing of test concentrations) for WET tests is

extremely important in producing reliable and precise results.  This is most obvious for effect

concentrations such as NOEC and LOEC values generated by hypothesis testing.  These values are

by definition limited to one of the effluent concentrations selected for the test.  The precision of

these values also is determined by the distance from the NOEC or LOEC to the next highest or

lowest effluent concentration.  For instance, using a standard dilution series of 6.25%, 12.5%,

25%, 50%, and 100% effluent, a measured NOEC value of 50% indicates that the transition from

no observable effects to observable effects occurs somewhere between 50% and 100% effluent

concentration (the NOEC-LOEC interval).  If an alternative dilution series of 12.5%, 25%, 50%,

75%, and 100% were used for this test, then a NOEC of 50% would be a more precise estimate. 

In this test, the point of transition from no observable effect to observable effects is now known to

lie between 50% and 75%.

The appropriate selection of a dilution series also is important for accurately identifying

concentration-response relationships and increasing the precision of effect concentrations estimated

from those relationships.  For example, toxicants or effluents with steep concentration-response

curves, often produce “all or nothing” results when using a standard dilution series of 6.25%,
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12.5%, 25%, 50%, and 100% effluent.  An “all or nothing” response means that one effluent

concentration produces no effect and the next highest concentration produces a complete (e.g.,

100% mortality) effect.  Under these circumstances, the effect concentration is graphically

determined between the no effect and complete effect concentrations.  The effect concentration

derived in this situation is less precise than when multiple concentrations with partial effects occur. 

The proper selection and spacing of dilutions can increase the opportunity of obtaining an ideal

concentration-response relationship (see Chapter 4 of this guidance) that exhibits smooth

transitions from no effect to partial effect to complete effect. 

How might the dilution series or dilution sequence be modified to assist in
determining a concentration-response relationship and improving the precision of
calculated effect concentrations?

The preceding chapter identified and discussed 10 concentration-response patterns typically

observed in WET testing.  When applicable, recommendations for modifying the dilution series or

dilution sequence were provided in the discussion of individual response patterns.  In general, the

following considerations and recommendations should improve the identification of concentration-

response relationships and the precision of calculated effect concentrations.

C Consider historic WET testing information for the given effluent - Due to the importance

of dilution series selection, this decision should be based on knowledge of the effluent from

historical testing and permit information rather than simply on standard laboratory practice. 

Historic testing information on a given effluent will provide a typical range of effects that can

characterize the consistency of the effluent’s toxicity.  This information is valuable and should

not be overlooked.  If historical testing shows toxicity consistently within a specified range of

concentrations, the test dilution series for future tests can be selected to focus on that range. 

For example, if the LC50 for a given effluent is consistently between 50% and 100% effluent,

it may be needless to continue testing concentrations as low as 6.25% effluent.  A larger

dilution factor, such as 0.75 could be used to provide a dilution series of 31.6%, 42.2%,

56.3%, 75%, and 100%.  The analyst should be cautious not to narrow the range of

concentrations too much, to avoid causing the effect concentration to fall outside the test

concentration range when an unusually toxic sample is encountered.

C Use the receiving water concentration as a test concentration - As previously mentioned, a

limitation of hypothesis testing is that NOEC and LOEC values are constrained only to

effluent concentrations used in a test.  Due to this limitation, hypothesis testing should be used

only in situations where the toxicity of a particular effluent concentration of interest is to be

evaluated (i.e., the receiving water concentration or RWC).  In addition, the effluent

concentration of interest, usually the RWC, should be included as one of the concentrations in

the dilution series.  Even if point estimation techniques are to be used for calculating effect

concentrations, it is good practice to include the RWC as a test concentration in the dilution

series.   

C Bracket the receiving water concentration with test concentrations - Test concentrations

selected should not only include the RWC, but also should bracket the RWC (unless the RWC
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is 100%).  This will allow the most precise determination of effect concentrations around the

RWC and will aid in the determination of a valid concentration-response relationship.

C Consider adding test concentrations within a given range of interest - For better test

resolution and more precise effect concentration estimates, additional test concentrations can

be added within a given range of interest.  This may be most beneficial when testing an effluent

or toxicant that possesses a steep concentration-response relationship.  Additional test

concentrations placed between concentrations of no effect and complete effect may allow for

partial effects to be measured and improve the precision of calculated effect concentrations. 

For instance, if no effect was observed at 100% effluent concentration and a complete effect

was observed at 50% effluent concentration, an additional test concentration of 75% could be

added to improve the precision of calculated effect concentrations.  If historical testing

information for this effluent indicates that effect concentrations are consistently between 50%

and 100%, it may be possible to add the 75% concentration in place of the 6.25%

concentration (i.e., 12.5%, 25%, 50%, 75%, and 100%).  The addition of test concentrations

also may be beneficial when very shallow concentration-response relationships are

encountered.  In this case, additional test concentrations should be added to extend the

concentration range tested (e.g., 3.125%, 6.25%, 12.5%, 25%, 50%, and 100%).

C Consider increasing the dilution factor used to space effluent concentrations - Increasing

the dilution factor for a test (i.e., reducing the space between concentrations) is encouraged if

historic testing of the given effluent indicates relative consistency, and the given effect

concentration is not expected to lie outside of the concentration range.  Similar to adding test

concentrations, increasing the dilution factor has the effect of narrowing the test focus on a

concentration range of interest.  This effect is accomplished while maintaining a logarithmic

spacing of test concentrations, which is standard practice in toxicity testing.  A possible

disadvantage of increasing the dilution factor is that all of the test concentrations are typically

changed when the dilution factor is altered; this may limit the comparability of results with

previous testing, if test results are determined exclusively by hypothesis testing techniques. 

The comparability of point estimates should not be affected by alterations in the dilution

factor.  
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6 Dilution Waters

T
his chapter provides guidance for selecting a dilution water that is appropriate for the

objective of the WET test.

What does EPA consider to be an acceptable dilution water?

An acceptable dilution water for WET testing:

C is appropriate for the objectives of the test;

C supports adequate performance of the test organisms with respect to survival, growth,

reproduction, or other responses that may be measured in the test (i.e., consistently meets test

acceptability criteria for control responses); 

C is consistent in quality; and 

C does not contain contaminants that could produce toxicity.

In the WET method manuals (USEPA, 1993c; USEPA, 1994a; USEPA 1994b), Section 7

describes the types of dilution water that may be used for WET testing depending upon the

objectives of the test.  This section provides procedures for preparing synthetic dilution waters and

procedures for the collection and handling of receiving waters or natural dilution waters.  The

selection of the appropriate dilution water type should be made independently for each effluent

based upon the objectives of the test, the condition and quality of ambient receiving water, in-

stream dilution potential, and recommendations or requirements from local regulatory authorities.

How do I choose an appropriate dilution water?

Figure 6.1 is provided to assist in selecting an appropriate dilution water for WET testing.  First,

the choice of dilution waters should be consistent with the objectives of the WET test, thus the

objective of testing should be clearly defined by the regulatory authority.  Tests can be conducted

in the standard reconstituted dilution water to assess the absolute toxicity of the effluent.  The

WET method manuals (USEPA, 1993c; USEPA, 1994a; USEPA 1994b) describe this as the

primary objective of NPDES permit-related toxicity testing.  To determine the toxicity of the

effluent in the receiving system, tests can be conducted using receiving water for dilution or

synthetic dilution water adjusted to approximate receiving water characteristics (USEPA, 1993c;

USEPA, 1994a; USEPA 1994b; USEPA, 1996a).  EPA’s Technical Support Document discusses

this objective in context of EPA’s water quality based toxics control program (USEPA, 1991b). 
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What is the objective of
the WET test?

Determine the
absolute toxicity of

the effluent

Determine the toxicity of
the effluent in the
receiving system

Use a standard
synthetic or

acceptable natural
dilution water that

matches the
organism culture

water

Does the receiving water
possess ambient toxicity

or fail to meet other
criteria for use as dilution

water?

Calculate test results
according to WET
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(or acceptable
natural) dilution

water control
treatment

Use the local
receiving water as
the dilution water

Is the objective of
the test to determine

the additive or
mitigating effects of

the effluent on
contaminated

receiving water?

Use the receiving
water as the dilution

water

Use two sets of
controls:
1. culture water
2.  receiving water

Compare the two sets
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Is the receiving water
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method manual
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No

Yes

No

Yes

Yes

No

No

Yes

Unknown

Figure 6.1.  Flowchart for appropriate selection and use of dilution water in WET testing.
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What dilution water should I use when determining absolute toxicity of an
effluent?

If the objective of the WET test is to determine the absolute toxicity of the effluent, then a

standardized synthetic water is recommended for use as dilution water.  A standardized synthetic

dilution water has the following advantages: proven success in maintaining organism health, known

chemical composition, reduced potential for effluent/dilution water interactions that may affect

toxicity, and better test reproducibility and repeatability.  Under some circumstances, a consistent,

high purity natural water source (e.g., uncontaminated seawater or treated well water) may be used

in lieu of a synthetic water to determine the absolute toxicity of an effluent.  Such waters may be

used if:

C the water is similar in physical and chemical composition to the standardized synthetic water

(i.e., hardness, alkalinity, pH, salinity);

C the water is used consistently and successfully by the testing laboratory for culturing the test

organisms; and

C survival and reproduction records demonstrating the successful use of the water for culturing

are provided and approved by the local regulatory authority.

What dilution water should I use when determining the toxicity of an effluent in the
receiving system?

If the objective of the WET test is to determine the toxicity of the effluent in the receiving system,

the local receiving water may be the most appropriate choice of dilution water.  The use of

receiving water increases the environmental relevance of WET testing by simulating

effluent/receiving water interactions in the test.  This also improves the capacity of the WET test to

predict in-stream effects. Despite these benefits, the local receiving water should first be evaluated

to determine its appropriateness for use as dilution water.  To be acceptable for use as dilution

water, a receiving water should meet all of the following requirements: 

C The receiving water should be collected as a grab sample from upstream or near the final

point of discharge for the effluent of interest.  The receiving water sample should be

collected from as close to the point of discharge as possible while remaining outside of the

influence of the discharge.  This determination may be made by physical or chemical

measurements or by preliminary testing.  Once an appropriate collection site has been located,

the location should be fully described and established as the standardized receiving water

collection location for the effluent discharge of interest.

C The receiving system should have adequate flow year round at the established receiving

water collection location.  For instance, where the receiving water is classified as an

intermittent stream or where zero flow conditions exist, the use of receiving water for dilution

is inappropriate.  Under these circumstances, a synthetic water adjusted to approximate the

characteristics (pH, hardness, alkalinity) of the closest downstream perennial water should be

used. 
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C The receiving water should support adequate performance of the test organisms with

respect to survival, growth, reproduction, or other responses that may be measured in the
test.  This is a primary requirement for all dilution waters (see question, “What does EPA

consider to be an acceptable dilution water?”).  This means that the 100% receiving water

concentration used as a dilution water control should consistently meet test acceptability

criteria for control responses.

C The receiving water should be consistent in quality and not contain contaminants that

could produce toxicity.  This is a primary requirement for all dilution waters (see question,

“What does EPA consider to be an acceptable dilution water?”).  In the case of receiving

waters, this requirement is evaluated by the use of dual controls.  For each test using receiving

water for dilution, a 100% receiving water control and a 100% culture water control should be

run concurrently in the test and compared to determine the presence of toxicity in the receiving

water (for more information on the use of dual controls, see the following question, “When and

how do I use dual controls?”).  If and when toxicity is identified in the receiving water, the use

of receiving water for dilution should be discontinued.  While it is recognized that receiving

water characteristics are dynamic, the receiving water should consistently display no ambient

toxicity.  The presence of ambient toxicity may cause many receiving systems to be

inappropriate for use as a dilution water source.  In many circumstances the receiving system

may be impacted by many other point and non-point sources of pollution.  Use of receiving

water that possesses consistent or intermittent ambient toxicity is discouraged in most cases. 

Test results are difficult to interpret, and low to moderate toxicity in the effluent is difficult to

detect in the presence of contaminated dilution water. Receiving water that possesses ambient

toxicity is recommended for use as dilution water only if the objective of the test is specifically

to determine the additive or mitigating effects of the effluent on the contaminated receiving

water.

C The receiving water should be free from pathogens and parasites that could affect WET

test results.  The presence of pathogens or parasites in the dilution water can cause sporadic

mortalities in the test that are unrelated to effluent toxicity.  Due to these sporadic mortalities,

tests may fail to meet test acceptability criteria or anomalous concentration-response patterns

may be produced.  Receiving water that is confirmed or suspected to contain pathogens or

parasites should not be used as dilution water.

If the local receiving water is inappropriate for use as dilution water due to failure to meet one of

the above requirements, a synthetic dilution water adjusted to approximate the chemical

characteristics (pH, hardness, alkalinity, salinity) of the receiving water should be used.  The

adjustment of synthetic dilution waters should be within the bounds of the test method and

organism tolerances and should be conducted only for the purpose of matching dilution water to

receiving water conditions.  For most freshwaters in the U.S., a reasonable match can be obtained

by adjusting the amounts of standard synthetic freshwater reagents (as described in Table 6 of

Section 7 in the WET method manuals) to produce the desired hardness (from very soft to very

hard).  Mineral water also may be diluted appropriately (as described in Table 7 of Section 7 in the

WET method manuals) to achieve the desired hardness.  These standard preparations span the
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range of hardness, pH, and alkalinity that is commonly found in U.S. waters.  When the receiving

water possesses an ionic balance that is atypical, the amounts of individual ion constituents in the

synthetic freshwater preparation may be further adjusted to approximate the ionic balance of the

receiving water.  This may occur in coastal or arid regions, where the ionic composition may be

more dominated by sodium and chloride ions than calcium and bicarbonate ions.  For marine and

estuarine testing, receiving water composition generally can be matched by preparing synthetic

seawater at the appropriate salinity or adjusting the salinity of a natural seawater using deionized

water, artificial sea salts, or hypersaline brine.    

In the case of freshwater and marine testing, the preparation of synthetic dilution water can be

adjusted to approximate the chemical characteristics of the receiving water; however, the dilution

water should not be adjusted to match the properties of the effluent.  High concentrations of

common ions and ion imbalance in the effluent can be a source of toxicity (McCulloch et al., 1993;

Goodfellow et al., 2000), and therefore should be included in the analysis of toxicity and not

adjusted for in the test. 

If an adjusted synthetic water is used for dilution and this water differs from the water used for

culturing the organisms, dual controls are required by the WET method manuals as described

below.

When and how do I use dual controls?

When the dilution water used in a test differs from the water used to culture, hold, and maintain the

test organisms, an additional set of dilution water controls should be evaluated in the WET test. 

This is generally the case when a natural receiving water or an adjusted synthetic water is used for

dilution, but additional controls also may be necessary for standard synthetic dilution waters if

organisms are cultured in an alternative water.  A culture water control should consist of 100%

culture water, and a dilution water control should consist of 100% of the dilution water used in the

test.  These two controls should be run concurrently in the test and undergo the same test

conditions.

Prior to the analysis of test treatment data, the two controls (dilution water control and culture

water control) should be compared to determine if statistically significant differences exist.  This

comparison should be made using a t-test as described in Appendix H of the freshwater method

manual (USEPA, 1994a) and Appendix G of the marine method manual (USEPA, 1994b).  If there

is no statistically significant difference between the two controls, the dilution water control should

be used for further analysis and comparisons with the treatment groups.  If a receiving water

control is significantly different from the culture control, this may indicate ambient toxicity in the

receiving water.  In this case, the use of a synthetic dilution water adjusted to approximate the

receiving water may be more appropriate.  If an adjusted synthetic dilution water shows a

significant difference from the culture control, this generally indicates that either the chemical

adjustments of the dilution water were outside of the tolerance range of the test organism or
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acclimation of the test organisms to the dilution water is necessary.  In this situation, the analyst

should consider using organisms cultured in water more similar to the dilution water or consider

acclimating the test organisms to the adjusted dilution water prior to the test.  These options,

however, may increase test cost and may be impractical for laboratories that test effluents from

numerous dischargers, each with specific dilution water requirements.  For this reason, local

regulatory authorities may wish to reevaluate test objectives for this effluent and consider the use

of a standardized synthetic water.

How might the choice of dilution waters affect WET test results?

The selection of dilution waters can have significant impact on the results of a WET test.  The

physical and chemical properties of the dilution water can interact with contaminants in the sample

to increase or reduce toxic effect.  The presence of acid volatile sulfides (Di Toro et al., 1992),

hardness (Belanger et al., 1989), and acidity (Schubauer-Berigan et al., 1993) are all known to

significantly affect the bioavailability (and hence the toxicity) of metals.  Organic and other

hydrophobic contaminants may bind or adsorb to colloids or organic matter in natural waters

(Larson and Weber, 1994).  These reactions could potentially decrease toxicity by reducing the

free concentration of the contaminant, or increase toxicity for filter feeding, sediment dwelling, or

sediment ingesting organisms through increased exposure and uptake of the contaminant from food

sources.  For these reasons, the selection of dilution water for WET testing should be carefully

considered.
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EXECUTIVE SUMMARY
The Test of Significant Toxicity (TST) is a statistical approach developed by the U.S.
Environmental Protection Agency (EPA) for analyzing whole effluent (WET) and ambient
toxicity data, and is being proposed in the State Water Resources Control Board (State Water
Board) draft Toxicity Policy. EPA has demonstrated the advantages of the TST approach using
WET and ambient toxicity data across the U.S. The State Water Board recommended conducting
a “test drive” comparing results obtained using TST with results obtained using the current WET
statistical approach based on comments raised at the November 16, 2010 workshop. The test
drive had two specific objectives: (1) Evaluate and
compare resulting interpretations of WET data
analyzed using TST and the No Observed Effect
Concentration (NOEC) statistical approach
currently being used in California’s WET programs;
and (2) Determine how many (if any) additional
within-test replicates for the control and IWC would
be needed to declare samples non-toxic that were
initially identified as toxic using TST with a mean
effect less than TST regulatory management
decisions (RMD).

Valid WET data from over 25 dischargers were compiled and analyzed in this test drive
representing wastewater effluents from a variety of facilities, including small facilities from
underprivileged communities. A total of 981 tests were compiled in this test drive representing
the majority of WET test methods and endpoints used in California’s toxicity programs. Some
of the tests received did not meet test acceptability criteria and were therefore not used.
Additionally, some tests could not be used because the test did not include a concentration at or
near the facilities’ instream waste concentration (IWC). A total of 890 valid, usable tests were
analyzed in this test drive. An additional 3201 WET chronic endpoints were analyzed in a similar
manner and provided by the Surface Water Ambient Monitoring Program (SWAMP) database
and the California Environmental Data Exchange Network (CEDEN). Samples were collected
during both dry events and wet weather events throughout the state of California, as well as
during irrigation seasons in the central coast, central valley, and other agricultural areas.

Each valid test was analyzed using both TST and the current NOEC approach and a
determination was made as to whether the sample is toxic or not using each approach. In
addition, this study evaluated the effect of adding simulated replicates to those tests declared
toxic using TST that had less than 25% effect in a chronic test or less than 20% effect in an acute
test.

Results of the test drive are as follows:
1. TST analysis declared 3.7% of all tests as toxic which had a mean effect at the IWC less

than 25% for chronic methods or less than 20% for acute methods, while NOEC analysis
declared 5.5% of those tests as toxic (see Table E-1; Figure E-1).

2. TST analysis declared 0.1% of all tests as toxic which had an effect less than or equal to
10%, while NOEC analysis declared 2.8% of those tests as toxic. These results, combined
with those in #1 above, demonstrate that truly non-toxic samples were more often
declared non-toxic using TST than using the NOEC approach (see Table E-1).

TST Regulatory Management Decisions

 The sample is declared toxic if there is
greater than or equal to a 25% effect in
chronic tests, or if there is greater than or
equal to a 20% effect in acute tests at the
permitted IWC (referred to as the toxic
RMD).

 The sample is declared non-toxic if there
is less than or equal to a 10% effect at
the IWC in acute or chronic tests
(referred to as the non-toxic RMD).
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3. TST appeared to perform better than the current NOEC approach for those tests
exhibiting significant toxicity at the IWC. For chronic tests with a mean effect greater
than or equal to 25%, the NOEC analysis declared a significantly higher percentage of
these tests non-toxic as compared to TST (9.6% and 0.1% for NOEC and TST,
respectively; Figure E-2). Thus, NOEC analysis missed declaring truly toxic samples
(effects greater than or equal to 25%) as toxic more often. It is desired that our statistics
declare a sample as toxic at or above the respective toxic RMD.

4. The few cases where TST detected toxicity at effects less than 25% in chronic tests or
less than 20% in acute tests were due to high variability between replicates in the controls
and/or IWC treatments. Addition of a minimal number of replicates to these tests usually
resulted in the sample being declared non-toxic using the TST procedure. These results
provide useful information to permittees, laboratories, and the State Water Board
regarding within-test variability, and demonstrate the advantage, to the permittee, of
using more than the minimum required number of replicates in certain cases.

5. Test results using both TST and the current NOEC approach were generally the same
overall, indicating that the use of TST is not expected to change the number of
enforcement actions over the current status (Table E-1, Figure E-1).

6. Based on analysis of SWAMP and CEDEN ambient freshwater chronic toxicity data, a
similar percentage of test endpoints were declared toxic that were below the chronic toxic
RMD of 25% using either TST or NOEC analysis (6.3% and 5.9%, respectively; Table E-
2, Figure E-3). Similar to the test drive effluent results, NOEC analysis declared 9.5% of
ambient toxicity tests as non-toxic with an effect at the IWC (100% sample water) greater
than or equal to 25%, while TST did not declare any of these tests as non-toxic (Figure E-
4). This pattern is the same for the effluent results (Figure E-2).

Table E-1. Summary of all WET method tests declared toxic and non-toxic regardless of percent mean
effect and those declared toxic with a percent mean effect at the IWC less than 25%, and less than or
equal to 10% for each analysis method grouped by test type. Numbers represent the percentage based on
all tests for a given method type.

Method Type

Percent of Tests
Declared Non-Toxic

Percent of Tests
Declared Toxic

1

Percent of Tests
Declared Toxic with
less than 25% (20%
for Acute) Effect at

IWC
2

Percent of Tests
Declared Toxic with
less than or equal
to 10% Effect at

IWC
3

TST NOEC TST NOEC TST NOEC TST NOEC

Chronic Marine 89.3 83.5 10.7 16.5 2.2 9.8 0 5.6

Chronic
Freshwater

73.8 77.3 26.2 22.7 7.0 4.4 0 1.7

Acute Marine 100 100 0 0 0 0 0 0

Acute
Freshwater

96.4 98.8 3.6 1.2 1.8 0 0.6 0

All Methods 85.1 84.6 14.9 15.4 3.7 5.5 0.1 2.8

1. This includes tests which are truly toxic above the RMD of 20% for acute or 25% for chronic, as well as those
tests with effects below the respective RMDs.

2. This includes only tests with effects less than the non-toxic RMD of 25% (chronic) or 20% (acute) effect at the
IWC.

3. This includes only tests with effects less than the non-toxic RMD of 10% at the IWC.
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Table E-2. Summary of the tests declared toxic and non-toxic regardless of percent mean effect, and
those tests declared toxic with a percent mean effect at the IWC <25% and < 10% for each analysis
method, grouped by WET test method. Numbers in parentheses represent the percentage based on all tests
available in both databases for a given method.

WET Test
Method

Number (Percent) of Tests
Declared Non-Toxic

Number (Percent) of
Tests Declared Toxic

1

Number (Percent) of
Tests Declared Toxic

with < 25% Effect
2

Number (Percent) of
Tests Declared Toxic
with < 10% Effect at

IWC
3,5

TST NOEC TST NOEC TST NOEC TST NOEC

C. dubia
Reproduction

653 (73.7) 670 (75.6) 233 (26.3) 216 (24.4) 59 (8.3) 46 (6.5) 2 (0.3) 7 (1.2)

P. promelas
Biomass

4 230 (92.7) 229 (92.3) 18 (7.3) 19 (7.7) 7 (3.0) 10 (4.2) 0 (0) 2 (0.9)

P. promelas
Chronic
Survival

4
492 (77.6) 582 (91.8) 142 (22.4) 52 (8.2) 83 (14.4) 22 (3.8) 0 (0) 0 (0)

Selenastrum
Growth

1248 (87.1) 1191 (83.1) 185 (12.9) 242 (16.9) 27 (2.1) 87 (6.8) 0 (0) 12 (1.0)

All Methods 2623 (81.9) 2672 (83.5) 578 (18.1) 529 (16.5) 176 (6.3) 165 (5.9) 2 (0.1) 21 (0.9)

1. This includes tests which are truly toxic above the RMD of 20% for acute or 25% for chronic, as well as those
tests with effects below the respective RMDs.

2. This includes only tests with effects less than the non-toxic RMD of 25% (chronic) or 20% (acute) effect at
100% site water.

3. This includes only tests with effects less than the non-toxic RMD of 10% at 100% site water.
4. There is likely some overlap between these endpoints in that one test may have had toxicity for survival and

biomass.
5. The IWC in the SWAMP/CEDEN tests is 100% “sample water” either from stormwater or ambient sample

water.
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Figure E-1. Summary of the tests from all methods that were declared toxic using TST and NOEC analysis with a
mean effect at the IWC less than the toxic RMD of 25% for chronic or 20% for acute tests. These percentages
include those tests having effects at the IWC less than or equal to the non-toxic RMD of 10%. N=786 tests.

Figure E-2. Summary of the tests from all methods that were declared non-toxic using TST and NOEC analysis
with a mean effect at the IWC greater than or equal to the toxic RMD of 25% for chronic or 20% for acute tests.
N=104 tests. This pie chart is smaller than Figure E-1 because it reflects the fewer number of total tests for Figure E-
2.
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Figure E-3. Summary of the endpoints from the SWAMP and CEDEN data that were declared toxic using TST and
NOEC analysis with a mean effect at the IWC less than the toxic RMD of 25% for chronic tests. These percentages
include those tests having effects at the IWC less than or equal to the non-toxic RMD of 10%. N=2799 test
endpoints.

Figure E-4. Summary of the endpoints from the SWAMP and CEDEN data that were declared non-toxic using TST
and NOEC analysis with a mean effect at the IWC greater than or equal to the toxic RMD of 25% for chronic tests.
N=402 test endpoints. This pie chart is smaller than Figure E-3 because it reflects the fewer number of total tests for
Figure E-4.
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1.0 INTRODUCTION
At the public workshop held on November 16, 2010 in Sacramento, CA, the State Water
Resources Control Board (State Water Board) recommended that the State Water Board staff and
its contractors conduct a “test drive” of the Test of Significant Toxicity (TST). The TST is a
statistical approach developed by U.S. Environmental Protection Agency (EPA) for analyzing
whole effluent (WET) and ambient toxicity data (USEPA 2010; Denton et al. 2011), and is being
proposed in the State Water Board’s draft Policy for Toxicity Assessment and Control. While
EPA has demonstrated the advantages of the TST approach using WET and ambient toxicity data
across the U.S., additional comparisons of results obtained using TST with results obtained using
the current WET statistical approach were recommended to address concerns raised at the Board
workshop. The test drive had two specific objectives:

(1) Evaluate and compare resulting interpretations of WET data analyzed using TST and the No
Observed Effect Concentration (NOEC) statistical approach currently being used in California’s
WET programs.

(2) Determine how many (if any) additional within-test replicates for the control and IWC would
be needed to declare samples non-toxic that were initially identified as toxic using TST, and had
and a mean effect less than the toxic TST regulatory management decision (RMD) for
unacceptable toxicity (25% for chronic and 20% for acute tests).

Using data from a number of sources, the first objective identified the number of tests passing or
failing, the range of effects associated with passing or failing, and the within-test variability
associated with these tests using the TST and the NOEC approach. This information is useful
because it describes the comparison of WET results using the two different statistical analysis
approaches, and demonstrates why differences are observed. The second objective further
addresses how many replicates could be added for those tests which were declared toxic below
the toxic RMD in order to increase the probability of declaring those tests non-toxic.

In addition to evaluating effluent WET data, this test drive also includes results comparing the
current t-test approach and TST for over 1,000 ambient WET tests collected under the Surface
Water Ambient Monitoring Program (SWAMP) program.
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2.0 METHODS
2.1 WET Data Collection

Valid WET data from wastewater dischargers were compiled and analyzed in this test drive. To
ensure that representative WET data were used, data were obtained from wastewater effluents
from a variety of facilities including small facilities from underprivileged communities. Facilities
represented in this test drive encompassed a range of instream waste concentrations (<5% -
100%), various treatment types (e.g., various forms of secondary treatment), a range of
population sizes served (very small - very large), and wide geographic range (northern and
southern California). In addition, WET data were generated by many commercial laboratories
including WET laboratories in California. A total of 981 tests were compiled in this test drive.
Each discharger was assigned a code letter to maintain anonymity. To increase the number of
tests available for certain WET methods, WET data were provided by the State of Washington
for numerous dischargers (e.g., Daphnia acute test). All of the WET data from the dischargers in
Washington were grouped into one discharger code (referred to as Facility I in this report). In
addition, all of the WET data grouped as Facility L in this report were generated using ambient
dry weather WET tests from various sample locations in California (Southern California Coastal
Research Water Project directly provided data).

Additional ambient and stormwater WET test data were analyzed and provided by the SWAMP
database and the California Environmental Data Exchange Network (CEDEN). These data
included 3201endpoints that were analyzed using TST and NOEC including C. dubia
reproduction, P. promelas survival and growth, and Selenastrum growth and include both dry
and wet weather based events. The SWAMP data analyses used the full statistical method set
forth in Appendix H of the EPA Chronic WET test manual (USEPA 2002). This involved
testing for normality and homogeneity of variances, and then running a Wilcoxon test,
heteroschedastic t-test, or homoschedastic t-test, as appropriate. For simplicity, the term “t-test”
is used throughout this report to refer to the SWAMP WET test analyses.

2.2 WET Data Analysis and Database Construction

WET data were provided in one of the following formats: CETIS export database files,
Microsoft Excel files, PDF image files of lab reports, and printed copies of CETIS and ToxCalc
report datasheets. Data obtained included organism response data for each replicate and effluent
concentration as required by the EPA method. In addition, the facility instream waste
concentration (IWC) was obtained so that a “pass” or “fail” could be determined for each test
using the current NOEC approach and TST.

As data files were received they were either imported (CETIS export files) or hand entered
(Excel files, PDF files, and hard copy reports) into a unified CETIS database. All WET test data
were then analyzed in CETIS to generate a NOEC value for both lethal and sub-lethal endpoints.
Test Acceptability Criteria (TAC) was also examined for each test using CETIS. Tests that did
not meet all TAC for a given method (49 tests, or 5.0% of the 981 tests received) were not used
in analysis.
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Some of the tests examined, including those from Washington, did not use the IWC as one of the
test concentrations. In these cases, the nearest effluent concentration tested was used in the
analysis, provided it was within 5% of that facility’s IWC. Tests that did not have test
concentrations within 5% of the facility’s IWC (42 tests, or 4.5% of the 932 tests) were not
analyzed in this Test Drive. Therefore, the total number of valid, usable tests analyzed in this test
drive was 890.

NOEC, mean organism response, coefficient of variation (CV) and standard deviation in the
control and IWC for each endpoint were exported from CETIS and imported into a Microsoft
Excel spreadsheet which was created to store all test records. CETIS analytical reports were also
printed for each WET test including all viable endpoints. The CETIS reports were then used to
hand enter the control and IWC replicate data for each test and endpoint into EPA’s TST
calculator (version 1.4) for TST analysis. The results of the TST analysis and mean percent
effect were then hand entered from the TST calculator into the project Microsoft Excel
spreadsheet (Appendix A). The hand-entered data were double checked by an independent
reviewer to ensure data accuracy of analyses. Throughout this report, the use of IWC is either the
Instream Waste Concentration for effluents or the 100% stormwater or ambient site water.

2.3 Analysis Using Additional Replicates

TST is designed to nearly always declare a chronic test toxic when the mean percent effect at the
IWC is ≥ 25% compared to the control or ≥ 20% effect in an acute test. In addition, TST will
nearly always pass a sample when the mean percent effect at the IWC is ≤ 10% compared to the
control. At effect levels between these boundaries (10 and 25% effect for chronic tests and 10
and 20% effect for acute tests), TST is designed to pass most tests if within-test variability is at
or below the national average for the method. One way to lower within-test variability is for
laboratories to test additional replicates. Testing additional replicates beyond the minimum
required in a method often provides more certainty in results using TST. This study evaluated the
effect of adding replicates to those tests declared toxic using TST that had < 25% effect in a
chronic test or < 20% effect in an acute test. Results of this analysis provide useful information
to permittees, laboratories, and the State Water Board regarding within-test variability and
demonstrate an advantage to the permittee of using more than the minimum required number of
replicates in certain cases.

Additional replicates were simulated using an automated integer-based number generator in
Excel where the random number generator function was bounded by the minimum and
maximum organism response values observed in the control and in the IWC. For example, if the
control minimum and maximum values in a Ceriodaphnia reproduction test were 16 and 30
neonates, respectively, and the IWC minimum and maximum were 12 and 29, the formula would
be applied individually to the control and IWC using these minimum and maximum values.
Random number generation was used to simulate additional replicates because this is an
unbiased and objective procedure. Replicates were added one at a time to both the control and
IWC groups and analyzed using TST until either the result of the TST analysis declared the test
non-toxic, or double the number of replicates were added.
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3.0 RESULTS
3.1 Haliotis rufescens Larval Development Test

A total of 117 Haliotis rufescens larval development tests were evaluated representing three
different facilities. Mean percent effect values at the IWC averaged 2.6%, 7.8%, and 0.7% for
facilities A, B, and D, respectively.

TST analysis resulted in 17 tests declared toxic from all facilities combined, while NOEC
analysis resulted in 24 tests declared toxic (Table 3-1). One test (from Facility A) had a mean
percent effect > 25% at the IWC (31.2% effect) and was declared non-toxic using the NOEC
analysis method. This test was declared toxic using TST. For tests with a mean percent effect
< 25% at the IWC, two (2.0%) were declared toxic using TST analysis and ten (9.8%) were
declared toxic using NOEC analysis (Table 3-1). The tests declared toxic using TST analysis had
percent mean effect values of 15.4% and 20.2%, while the tests found toxic using NOEC
analysis had percent mean effect values between 5.4% and 20.2%. TST analysis did not declare
any tests toxic with a mean percent effect ≤ 10% at the IWC; however, NOEC analysis declared 
five tests toxic with mean percent effect values ≤ 10% at the IWC (Table 3-1). 

Table 3-1. Summary of Haliotis rufescens tests declared toxic and non-toxic regardless of mean percent
effect and those tests declared toxic with a mean percent effect at the IWC < 25% and < 10% for each
analysis method grouped by facility. Numbers in parentheses represent the percentage based on all tests
for a given facility.

Facility N

Number (Percent) of
Tests Declared Non-

Toxic

Number (Percent) of
Tests Declared Toxic

Number (Percent) of
Tests Declared Toxic
with < 25% Effect at

IWC

Number (Percent) of
Tests Declared Toxic
with < 10% Effect at

IWC

TST NOEC TST NOEC TST NOEC TST NOEC

A 27 19 (70) 19 (70) 8 (30) 8 (30) 2(7) 3 (11) 0 (0) 0 (0)

B 25 16 (64) 9 (36) 9 (36) 16 (64) 0 (0) 7 (28) 0 (0) 5 (20)

D 65 65 (100) 65 (100) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Control variability for the two tests declared toxic using TST analysis with a mean percent effect
< 25% was between the 25th and 50th percentile based on the national distribution (USEPA,
2010; Table 3-2). The IWC in both of these tests had at least double the 90th percentile control
variability reported in the national distribution at the IWC (Table 3-2).

For the two tests declared toxic using TST with a mean percent effect < 25% at the IWC,
replicates were added to the control and IWC to determine if this resulted in the test being
declared non-toxic. The test that had a mean percent effect of 15.4% needed one additional
replicate to be declared non-toxic, while the test that had a mean effect of 20.2% was declared
toxic using TST with up to five additional replicates (Table 3-3). This latter test had a high
within-test variability (SD = 0.009 and 0.208 for control and IWC, respectively).



TST Test Drive 12/13/2011

5

Table 3-2. Range of standard deviations (SD) observed in the control and IWC for the Haliotis rufescens
tests declared toxic using TST and NOEC when the mean percent effect < 25% by facility and compared
to the national distributions from USEPA, 2010 (NA = No tests were declared toxic with < 25% effect at
the IWC).

Analysis
Method /

Concentration
Facility

Minimum
SD

Median SD
Maximum

SD

25th
Percentile
SD (EPA,

2010)

50th
Percentile
SD (EPA,

2010)

75th
Percentile
SD (EPA,

2010)

90th
Percentile
SD (EPA,

2010)

TST / Control

A 0.01 0.02 0.03

0.01 0.03 0.04 0.06

B NA NA NA

D NA NA NA

TST / IWC

A 0.12 0.16 0.21

B NA NA NA

D NA NA NA

NOEC /
Control

A 0.01 0.01 0.03

B 0.01 0.02 0.04

D NA NA NA

NOEC / IWC

A 0.00 0.05 0.11

B 0.02 0.03 0.05

D NA NA NA

Table 3-3. Effect of adding additional replicates on results of Haliotis rufescens
tests declared toxic when the mean effect was < 25% for facility A. NC = no
change in result using up to 5 additional replicates (i.e., 10 replicates for IWC and
control).

Facility
Mean Effect at

IWC (%)
Found Non-Toxic With
Additional Replicates

Number of Additional
Replicates Needed

A 15.40 Yes 1

A 20.20 No NC

3.2 Macrocystis pyrifera Germination and Germ-tube length Test

3.2.1 Germination

A total of 43 Macrocystis pyrifera germination tests were evaluated representing three different
facilities. Mean percent effect values at the IWC averaged 0%, 1.5%, and 2.3% for facilities D,
E, and G, respectively, and maximum mean percent effect values observed were 5.6%, 4.5%, and
9.9% for facilities D, E, and G, respectively. No tests were declared toxic using either TST or
NOEC analysis.
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3.2.2 Germ-tube length

A total of 43 Macrocystis pyrifera germ-tube length tests were evaluated representing three
different facilities. Mean percent effect values at the IWC averaged 0%, 0%, and 3.9% for
facilities D, E, and G, respectively. All four tests from facility E had a mean percent effect of 0.
Maximum mean percent effect values from facilities D and G were 15.1% and 25.2%,
respectively.

TST and NOEC analysis resulted in one test declared toxic each, based on all facilities combined
(Table 3-4). No tests were declared toxic using TST analysis with a mean percent effect < 25%
and one (2.4%) test was deemed toxic using NOEC analysis (Table 3-4). The test found to be
toxic using NOEC analysis had a mean percent effect of 15.1% at the IWC. Neither analysis
method declared any test toxic with a mean percent effect ≤ 10% at the IWC (Table 3-4). 

Table 3-4. Summary of Macrocystis pyrifera germ-tube length tests declared toxic and non-toxic
regardless of mean percent effect, and those tests declared toxic with a mean percent effect at the IWC
< 25% and < 10% for each analysis method, grouped by facility. Numbers in parentheses represent the
percentage based on all tests for a given facility.

Facility N

Number (Percent)
of Tests Declared

Non-Toxic

Number (Percent)
of Tests Declared

Toxic

Number (Percent) of
Tests Declared Toxic
with < 25% Effect at

IWC

Number (Percent) of
Tests Declared Toxic
with < 10% Effect at

IWC

TST NOEC TST NOEC TST NOEC TST NOEC

D 29 29 (100) 28 (97) 0(0) 1 (3) 0(0) 1 (3) 0(0) 0(0)

E 4 4 (100) 4 (100) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)

G 10 9 (90) 10 (100) 1(10) 0 (0) 0(0) 0(0) 0(0) 0(0)

One test with a mean percent effect > 25% was declared non-toxic using the NOEC analysis
method. The test was from facility G and had a mean percent effect of 25.2%. TST analysis
found this test to be toxic, as it should.

3.3 Urchin Fertilization Test

A total of 61 urchin fertilization tests were evaluated representing three different facilities. Mean
percent effect values for the IWC averaged 0.1%, 0.3%, and 2.0% for facilities M, N, and O,
respectively. Maximum mean percent effect values observed at facilities M, N, and O were
60.2%, 15.9%, and 99.4%, respectively.

TST analysis declared 16 tests toxic based on all facilities combined while NOEC analysis
declared 21 tests toxic (Table 3-5). For tests with a mean percent effect < 25% at the IWC, four
tests (8.2%) were declared toxic using TST and nine (18.4%) were declared toxic using NOEC
(Table 3-5). The four tests found toxic using TST analysis had mean percent effect values of
15.9%, 19.2%, 24.2%, and 24.3% while the nine tests found toxic using NOEC analysis had
mean percent effect values ranging between 1.1% and 24.3%. TST analysis did not declare any
tests toxic with a mean percent effect ≤ 10% at the IWC. NOEC analysis declared three tests as 
toxic with effect values at the IWC ≤ 10% (Table 3-5).  
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Table 3-5. Summary of urchin fertilization tests declared toxic and non-toxic regardless of percent mean
effect, and those tests declared toxic with a percent mean effect at the IWC < 25% and < 10% for each
analysis method, grouped by facility. Numbers in parentheses represent the percentage based on all tests
for a given facility.

Facility N

Number (Percent)
of Tests Non-Toxic

Number (Percent) of
Tests Toxic

Number (Percent) of
Tests Declared Toxic
with < 25% Effect at

IWC

Number (Percent) of
Tests Declared Toxic
with < 10% Effect at

IWC

TST NOEC TST NOEC TST NOEC TST NOEC

M 12 10 (83) 10 (83) 2 (17) 2 (17) 0 (0) 0 (0) 0 (0) 0 (0)

N 12 11 (92) 12 (100) 1 (8) 0 (0) 1 (8) 0 (0) 0 (0) 0 (0)

O 37 24 (65) 18 (49) 13 (35) 19 (51) 3 (8) 9 (24) 0 (0) 3 (8)

For the four tests declared toxic using TST with mean percent effect < 25% at the IWC, control
SDs were  50th percentiles and IWC SDs were > 75th percentiles based on the national
distribution ( Table 3-6). The addition of two replicates to the test with a 15.9% effect resulted in
declaring the test non-toxic using TST (Table 3-7). The remaining three tests with effect levels of
19.2%, 24.2%, and 24.3% were still declared toxic using TST analysis, even with the addition of
up to five more replicates (Table 3-7) due to relatively high within-test variability and an effect
close to the toxic RMD using TST (25% effect).

Table 3-6. Range of standard deviations (SD) observed in the control and IWC for the urchin fertilization
tests declared toxic using TST and NOEC when the mean percent effect < 25% by facility. (NA = No
tests were declared toxic with < 25% effect at the IWC).

Analysis
Method /

Concentration
Facility

Minimum
SD

Median
SD

Maximum
SD

25th
Percentile
SD (EPA,

2010)

50th
Percentile
SD (EPA,

2010)

75th
Percentile
SD (EPA,

2010)

90th
Percentile
SD (EPA,

2010)

TST / Control

M NA NA NA

0.01 0.02 0.04 0.09

N 0.01 0.01 0.01

O 0.01 0.01 0.02

TST / IWC

M NA NA NA

N 0.12 0.12 0.12

O 0.07 0.09 0.11

NOEC /
Control

M NA NA NA

N NA NA NA

O 0.00 0.02 0.03

NOEC / IWC

M NA NA NA

N NA NA NA

O 0.01 0.04 0.11
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Table 3-7. Effect of adding additional replicates on the result of the urchin
fertilization tests declared toxic when the mean effect is < 25% for facilities
N and O. NC = no change in result using up to five additional replicates.

Facility
Mean Effect
at IWC (%)

Found Non-Toxic With
Additional Replicates

Number of
Additional

Replicates Needed

N 15.94 Yes 2

O 19.22 No NC

O 24.20 No NC

O 24.29 No NC

3.4 Chronic Americamysis bahia Survival and Growth Test

3.4.1 Survival

A total of 46 Americamysis bahia chronic tests were evaluated for survival, all from facilities in
Washington State (Facility I). The median, 75th percentile, and maximum mean percent effect
values were 0%, 4.6%, and 14.3%, respectively. TST and NOEC analysis did not declare any of
these tests toxic based on survival.

3.4.2 Growth

For the same 46 tests, as noted for survival, the median, 75th percentile, and maximum percent
mean effect values based on growth were 0.5%, 5.0%, and 20.6%, respectively.

TST and NOEC analysis each declared one (2.2%) test toxic (Table 3-8). The test declared toxic
using TST had a mean percent effect of 20.6% at the IWC while the test declared toxic using
NOEC had a mean percent effect of 16.3%. No test with an effect ≤ 10% at the IWC was 
declared toxic using either analysis method (Table 3-8).

Control SD for the test declared toxic using TST was comparable to the 90th percentile based on
the national distribution (USEPA, 2010; Table 3-9). SD at the IWC for this same test was near
the 75th percentile based on the national distribution (Table 3-9). The addition of seven replicates
(total of 15 replicates) to this test changed the result to non-toxic using TST analysis (Table 3-
10).

Table 3-8. Summary of chronic Americamysis bahia growth tests declared toxic and non-toxic
regardless of percent mean effect, and those tests declared toxic with a percent mean effect at the
IWC < 25% and < 10% for each analysis method at facility I. Numbers in parentheses represent
the percentage based on all tests for a given facility.

Facility N

Number (Percent)
of Tests Declared

Non-Toxic

Number (Percent)
of Tests Declared

Toxic

Number (Percent)
of Tests Declared
Toxic with < 25%

Effect at IWC

Number (Percent)
of Tests Delcared
Toxic with < 10%

Effect at IWC

TST NOEC TST NOEC TST NOEC TST NOEC

I 46 45 (98) 45 (98) 1 (2) 1 (2) 1 (2) 1 (2) 0 (0) 0 (0)
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Table 3-9. Standard deviations (SD) observed in the control and IWC for chronic
Americamysis bahia growth tests declared toxic using TST and NOEC when the mean
percent effect < 25% for facility I, and compared to the national distribution from
USEPA, 2010.

Analysis
Method /

Concentration
Facility SD

25th
Percentile
SD (EPA,

2010)

50th
Percentile
SD (EPA,

2010)

75th
Percentile
SD (EPA,

2010)

90th
Percentile
SD (EPA,

2010)

TST / Control I 0.08

0.03 0.04 0.06 0.08
TST / IWC I 0.06

NOEC / Control I 0.04

NOEC / IWC I 0.06

Table 3-10. Effect of additional replicates on the result of
chronic Americamysis bahia growth tests declared toxic when the
mean effect is < 25% for facility I.

Facility
Mean Effect
at IWC (%)

Found Non-Toxic
With Additional

Replicates

Number of
Additional
Replicates

Needed

I 20.61 Yes 7

3.5 Mytilus sp. Larval Development Test

A total of 29 Mytilus sp. larval development tests were evaluated representing five different
facilities. Mean percent effect values for the IWC averaged 0.4%, 4.3%, 2.3%, 1.4%, and 0.3%
for facilities I, F, P, Q, and R, respectively. No facility had a mean percent effect value that
exceeded 12.6%.

TST did not declare any tests toxic, while NOEC analysis declared nine tests toxic based on all
facilities combined (Table 3-11). Nine (31.0%) of these tests were declared toxic using NOEC
analysis (Table 3-11). The tests declared toxic using NOEC analysis had mean percent effect
values at the IWC that ranged from 2.0% to 12.6%. NOEC analysis declared eight tests with a
mean effect at the IWC ≤ 10% as toxic (Figure 3-11).  
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Table 3-11. Summary of Mytilus sp. larval development tests declared toxic and non-toxic regardless of
percent mean effect, and those tests declared toxic with a percent mean effect at the IWC < 25% and <
10% for each analysis method, grouped by facility. Numbers in parentheses represent the percentage
based on all tests for a given facility.

Facility N

Number (Percent) of
Tests Declared Non-

Toxic

Number (Percent)
of Tests Declared

Toxic

Number (Percent)
of Tests Declared
Toxic with < 25%

Effect at IWC

Number (Percent)
of Tests Declared
Toxic with < 10%

Effect at IWC

TST NOEC TST NOEC TST NOEC TST NOEC

I 4 4 (100) 4 (100) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

F 9 9 (100) 3 (33) 0 (0) 6 (67) 0 (0) 6 (67) 0 (0) 6 (67)

P 6 6 (100) 3 (50) 0 (0) 3 (50) 0 (0) 3 (50) 0 (0) 2 (33)

Q 5 5 (100) 5 (100) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

R 5 5 (100) 5 (100) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

3.6 Chronic Atherinops affinis Survival and Growth Test

3.6.1 Survival

A total of 49 Atherinops affinis chronic tests were examined for the survival and biomass
endpoint representing two different facilities. Median mean percent effect values for the IWC
averaged 0% for both facilities and maximum mean percent effect values were 17% and 36% for
facilities D and I, respectively.

TST analysis declared one test toxic based on both facilities combined, while NOEC analysis did
not declare any tests as toxic (Table 3-12). The test declared toxic by TST analysis had a mean
percent effect of 36% (Facility I). NOEC analysis did not declare this test as toxic. No tests with
a mean percent effect < 25% were declared toxic using TST (Table 3-12).

Table 3-12. Summary of chronic Atherinops affinis survival tests declared toxic and non-toxic
regardless of percent mean effect, and those tests declared toxic with a percent mean effect at the IWC
< 25% and < 10% for each analysis method, grouped by facility. Numbers in parentheses represent the
percentage based on all tests for a given facility.

Facility N

Number (Percent)
of Tests Declared

Non-Toxic

Number (Percent)
of Tests Declared

Toxic

Number (Percent) of
Tests Declared Toxic
with < 25% Effect at

IWC

Number (Percent) of
Tests Declared Toxic
with < 10% Effect at

IWC

TST NOEC TST NOEC TST NOEC TST NOEC

D 11 11 (100) 11 (100) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

I 38 37 (97) 38 (100) 1 (3) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

3.6.2 Biomass

This endpoint measures biomass, which is the final dry weight divided by the original number of
fish in each test chamber. Median mean percent effect values for biomass at the IWC averaged
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0.7% and 0.4% for facilities D and I, respectively. Maximum mean percent effect values
observed for both facilities did not exceed 25.5%.

Both TST and NOEC analysis declared one test toxic based on both facilities combined (Table 3-
13). One test with a mean percent effect > 25% (25.5% effect Facility I) was declared non-toxic
using NOEC. TST analysis declared this test to be toxic. For tests with a mean percent effect <
25% at the IWC, one (2.1%) test was declared toxic using the NOEC analysis method (Table 3-
13). The test declared toxic using NOEC analysis had a mean percent effect of 14.7%. No tests
with a mean percent effect ≤ 10% at the IWC were declared toxic using either analysis method 
(Table 3-13).

Table 3-13. Summary of chronic Atherinops affinis biomass tests declared toxic and non-toxic regardless
of percent mean effect, and those tests declared toxic with a percent mean effect at the IWC < 25% and <
10% for each analysis method, grouped by facility. Numbers in parentheses represent the percentage
based on all tests for a given facility.

Facility N

Number (Percent)
of Tests Declared

Non-Toxic

Number (Percent)
of Tests Declared

Toxic

Number (Percent) of
Tests Declared Toxic
with < 25% Effect at

IWC

Number (Percent) of
Tests Declared Toxic
with < 10% Effect at

IWC

TST NOEC TST NOEC TST NOEC TST NOEC

D 11 11 (100) 11 (100) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

I 38 37 (97) 37 (97) 1 (3) 1 (3) 0 (0) 1 (3) 0 (0) 0 (0)

3.7 Chronic Ceriodaphnia dubia Reproduction Test

A total of 203 chronic Ceriodaphnia dubia reproduction tests were evaluated representing five
different facilities. Facilities H and L had 17 and 13 tests, respectively, included in this analysis
that were below the lower bound percent minimum significant difference (PMSD) of 0.13.
Maximum mean percent effect values at the IWC did not exceed 21.0% at facilities H, J, and K,
while facilities I and L had maximum effect values of 65.0% and 100.0%, respectively at the
IWC.

TST analysis declared 54 tests toxic based on all facilities combined, while NOEC analysis
declared 48 tests toxic (Table 3-14). Four tests with mean percent effects > 25% at the IWC were
declared non-toxic using the NOEC (all from facility L). Two of the four tests had mean percent
effect values of 30.9%, and the others had effect values of 26.3% and 25.1%. TST analysis
declared these tests toxic. Ten (6.2%) tests with a mean percent effect < 25% were declared toxic
using TST, and eight (4.9%) tests were declared toxic using the NOEC analysis (Table 3-14).
The tests declared toxic using TST had mean percent effect values ranging from 15.7% to 22.0%
at the IWC, while the tests declared toxic using the NOEC had mean percent effect values
ranging from 5.0% to 22.0% at the IWC. Two of the four tests declared toxic for facility L had
PMSD values below the lower bound PMSD for this test endpoint (0.086 and 0.129; lower
bound = 0.13). TST did not declare any tests with a mean percent effect ≤ 10% as toxic; 
however, NOEC analysis declared three tests toxic with effect values ≤ 10% at the IWC (Table 
3-14). All of these three tests had PMSD values above the lower bound of 0.13.
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For those tests declared toxic using TST analysis with a mean percent effect < 25%, control SDs
were near the 75th percentile based on the national distribution (USEPA, 2010; Table 3-15). SDs
at the IWC for these same tests were near or above the 90th percentile of the national distribution
(USEPA, 2010; Table 3-15).

Table 3-14. Summary of Ceriodaphnia dubia reproduction tests declared toxic and non-toxic regardless
of percent mean effect and those tests declared toxic with a percent mean effect at the IWC < 25% and <
10% for each analysis method grouped by facility. Numbers in parentheses represent the percentage
based on all tests for a given facility.

Facility N

Number (Percent) of
Tests Declared Non-

Toxic

Number (Percent) of
Tests Declared Toxic

Number (Percent) of
Tests Declared Toxic
with < 25% Effect at

IWC

Number (Percent) of
Tests Declared Toxic
with < 10% Effect at

IWC

TST NOEC TST NOEC TST NOEC TST NOEC

H 40 40 (100) 40 (100) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

I 7 6 (86) 6 (86) 1 (14) 1 (14) 0 (0) 0 (0) 0 (0) 0 (0)

J 15 14 (93) 13 (87) 1 (7) 2 (13) 1 (7) 2 (13) 0 (0) 2 (13)

K 15 14 (93) 13 (87) 1 (7) 2 (13) 1 (7) 2 (13) 0 (0) 1 (7)

L 126 75 (60) 83 (66) 51 (40) 43 (34) 8 (6) 4
1

(3) 0 (0) 0 (0)

1. Two tests were below the lower bound PMSD for this endpoint.

Table 3-15. Range of standard deviations (SD) observed in the control and IWC for the Ceriodaphnia
dubia reproduction tests declared toxic using TST and NOEC when the mean percent effect < 25% by
facility, and compared to the national distribution from EPA, 2010 (NA = No tests were declared toxic
with < 25% effect at the IWC).

Analysis
Method /

Concentration
Facility

Minimum
SD

Median
SD

Maximum
SD

25th
Percentile
SD (EPA,

2010)

50th
Percentile
SD (EPA,

2010)

75th
Percentile
SD (EPA,

2010)

90th
Percentile
SD (EPA,

2010)

TST / Control

H NA NA NA

2.64 3.79 5.82 8.41

I NA NA NA

J 5.02 5.02 5.02

K 4.84 4.84 4.84

L 2.92 6.42 10.15

TST / IWC

H NA NA NA

I NA NA NA

J 10.70 10.70 10.70

K 10.15 10.15 10.15

L 2.96 8.29 12.53

NOEC /
Control

H NA NA NA

I NA NA NA

J 9.51 9.96 10.41

K 3.66 4.25 4.84

L 1.51 2.99 6.49
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Table 3-15. Continued.

Analysis
Method /

Concentration
Facility

Minimum
SD

Median
SD

Maximum
SD

25th
Percentile
SD (EPA,

2010)

50th
Percentile
SD (EPA,

2010)

75th
Percentile
SD (EPA,

2010)

90th
Percentile
SD (EPA,

2010)

NOEC / IWC

H NA NA NA

2.64 3.79 5.82 8.41

I NA NA NA

J 3.16 5.58 8.00

K 3.30 6.73 10.15

L 2.96 5.47 7.48

For five of those ten tests in which TST declared the test toxic and there was < 25% mean effect
at the IWC, the addition of up to 10 more replicates (total of 20 replicates each for the IWC and
control) did not change the results to non-toxic due to high within-test variability (Table 3-16).
The tests with effects of 20.6%, 15.7%, 15.7%, 22%, and 17.4% were found non-toxic with
seven, five, one, one, and one additional replicates, respectively (totals of 17, 15, 11, 11, and 11
replicates, respectively; Table 3-16).

Table 3-16. Effect of adding additional replicates on the result of
Ceriodaphnia dubia reproduction tests declared toxic when the mean
effect is < 25% for facilities J, K, and L. NC = no change in result using
up to ten additional replicates (total of 20 replicates).

Facility
Mean Effect
at IWC (%)

Found Non-Toxic With
Additional Replicates

Number of
Additional

Replicates Needed

J 20.83 No NC

K 19.44 No NC

L 20.59 Yes 7

L 20.29 No NC

L 15.65 Yes 5

L 16.43 No NC

L 15.69 Yes 1

L 20.00 No NC

L 21.96 Yes 1

L 17.37 Yes 1

3.8 Chronic Pimephales promelas Survival and Growth Test

3.8.1 Survival

A total of 83 chronic Pimephales promelas tests were evaluated representing three different
facilities. Mean percent effect values for the IWC averaged zero for survival for all three
facilities. No facility had a maximum mean percent effect that was > 25%. The maximum mean
percent values observed at facilities H, I, and J were 10.3, 25, and 2.5, respectively.
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TST analysis declared two tests toxic for survival while NOEC analysis declared one test toxic
from all facilities combined (Table 3-17). For tests with a mean percent effect < 25% at the IWC,
one (1.2%) was declared toxic using both TST and NOEC analysis methods (Table 3-17). The
mean percent effect value for the test declared toxic using both analysie was 23.1%. Both TST
and NOEC analysis did not declare any tests with ≤ 10% effect at the IWC as toxic (Table 3-17).

Table 3-17. Summary of the Pimephales promelas chronic survival tests declared toxic and non-toxic
regardless of mean percent effect, and those tests declared toxic with a mean percent effect at the
IWC < 25% and < 10% for each analysis method, grouped by facility. Numbers in parentheses
represent the percentage based on all tests for a given facility.

Facility N

Number (Percent)
of Tests Non-Toxic

Number (Percent)
of Tests Toxic

Number (Percent) of
Tests Toxic with < 25%

Effect at IWC

Number (Percent) of
Tests Toxic with < 10%

Effect at IWC

TST NOEC TST NOEC TST NOEC TST NOEC

H 13 13 (100) 13 (100) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

I 43 41 (95) 42 (98) 2 (5) 1 (2) 1 (2) 1 (2) 0 (0) 0 (0)

J 27 27 (100) 27 (100) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

For the test declared toxic using TST with a mean percent effect < 25%, control SD was near the
50th percentile based on the national distribution (USEPA, 2010; Table 3-18). SD at the IWC for
this test was between the 50th and 75th percentile based on the national distribution (USEPA,
2010; Table 3-18). The addition of three replicates resulted in declaring the test non-toxic using
TST (Table 3-19).

Table 3-18. Range of standard deviations (SDs) observed in the control and IWC for the Pimephales
promelas chronic survival tests declared toxic using TST and NOEC when the mean percent effect < 25%
by facility, and compared to the national distributions for Pimephales promelas growth values from
USEPA, 2010 (NA = No tests were declared toxic with < 25% effect at the IWC).

Analysis
Method /

Concentration
Facility

Minimum
SD

Median
SD

Maximum
SD

25th
Percentile
SD (EPA,

2010)

50th
Percentile
SD (EPA,

2010)

75th
Percentile
SD (EPA,

2010)

90th
Percentile
SD (EPA,

2010)

TST / Control

H NA NA NA

0.03 0.05 0.08 0.11

I 0.05 0.05 0.05

J NA NA NA

TST / IWC

H NA NA NA

I 0.07 0.07 0.07

J NA NA NA

NOEC /
Control

H NA NA NA

I 0.05 0.05 0.05

J NA NA NA
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Table 3-18. Continued

Analysis
Method /

Concentration
Facility

Minimum
SD

Median
SD

Maximum
SD

25th
Percentile
SD (EPA,

2010)

50th
Percentile
SD (EPA,

2010)

75th
Percentile
SD (EPA,

2010)

90th
Percentile
SD (EPA,

2010)

NOEC / IWC

H NA NA NA

0.03 0.05 0.08 0.11I 0.07 0.07 0.07

J NA NA NA

Table 3-19. Effect of adding additional replicates on the result of Pimephales
promelas survival tests declared toxic when the mean effect is < 25% for facility
I.

Facility
Mean Effect at

IWC (%)
Found Non-Toxic With
Additional Replicates

Number of
Additional

Replicates Needed

I 23.08 Yes 3

3.8.2 Biomass

Similar to the Atherinops chronic test, this endpoint measures biomass. The same 83 chronic
Pimephales promelas chronic tests were evaluated for the biomass (weight) endpoint
representing three different facilities. Median mean percent effect values for the IWC averaged
1.2%, 2.2%, and 2.7% for facilities H, I, and J, respectively. Maximum effect values were 7.0%,
18.8%, and 10.2% for facilities H, I, and J, respectively.

TST analysis declared three (3.6%) tests toxic (all from facility I), while NOEC declared no tests
toxic for this endpoint (Table 3-20). All three tests had a mean percent effect < 25% at the IWC
(18.8%, 17.4%, and 14.8%, Table 3-20). Both TST and NOEC analysis did not declare any tests
with ≤ 10% effect at the IWC as toxic (Table 3-20).  

Among those tests declared toxic using TST with a mean percent effect < 25%, control SDs were
between 25th and > 90th percentile based on the national distribution (USEPA, 2010; Table 3-21).
SDs for the IWC in these three tests were between the 50th and > 90th percentile based on the
national distribution (USEPA, 2010; Table 3-21). For the three tests, two were declared non-
toxic using TST analysis with the addition of one replicate (Table 3-22). These two tests had
mean percent effects of 17.4% and 14.8%. The test that had a mean effect of 18.8% was declared
toxic with up to five additional replicates (Table 3-22). The SDs in the control and IWC for this
test at Facility I were both at the 50th percentile.
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Table 3-20. Summary of chronic Pimephales promelas biomass tests declared toxic and non-toxic
regardless of percent mean effect ,and those tests declared toxic with a percent mean effect at the IWC <
25% and < 10% for each analysis method, grouped by facility. Numbers in parentheses represent the
percentage based on all tests for a given facility.

Facility N

Number (Percent) of
Tests Declared Non-

Toxic

Number (Percent)
of Tests Declared

Toxic

Number (Percent) of
Tests Declared Toxic
with < 25% Effect at

IWC

Number (Percent) of
Tests Declared Toxic
with < 10% Effect at

IWC

TST NOEC TST NOEC TST NOEC TST NOEC

H 13 13 (100) 13 (100) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

I 43 40 (93) 43 (100) 3 (7) 0 (0) 3 (7) 0 (0) 0 (0) 0 (0)

J 27 27 (100) 27 (100) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Table 3-21. Range of standard deviations (SD) observed in the control and IWC for chronic Pimephales
promelas biomass tests declared toxic using TST and NOEC when the mean percent effect < 25% by
facility, and compared to the national distributions from USEPA, 2010 (NA = No tests were declared
toxic with < 25% effect at the IWC).

Analysis
Method /

Concentration
Facility

Minimum
SD

Median
SD

Maximum
SD

25th
Percentile
SD (EPA,

2010)

50th
Percentile
SD (EPA,

2010)

75th
Percentile
SD (EPA,

2010)

90th
Percentile
SD (EPA,

2010)

TST / Control

H NA NA NA

0.03 0.05 0.08 0.11

I 0.03 0.05 0.13

J NA NA NA

TST / IWC

H NA NA NA

I 0.05 0.05 0.13

J NA NA NA

NOEC /
Control

H NA NA NA

I NA NA NA

J NA NA NA

NOEC / IWC

H NA NA NA

I NA NA NA

J NA NA NA

Table 3-22. Effect of adding additional replicates on the result of
Pimephales promelas biomass tests declared toxic when the mean effect is <
25% for facility I. NC = no change in result using up to five additional (total
of 9) replicates.

Facility
Mean Effect
at IWC (%)

Found Non-Toxic With
Additional Replicates

Number of
Additional

Replicates Needed

I 17.40 Yes 1

I 14.79 Yes 1

I 18.83 No NC
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3.9 Selenastrum capricornutum Growth Test

A total of 44 Selenastrum capricornutum growth tests were evaluated representing two different
facilities. Facility C had 9 tests included in this analysis that were below the lower bound PMSD
of 0.091. Maximum mean percent effect values were 23.4% and 89.4% for facilities H and C,
respectively.

TST analysis and NOEC analysis each declared 24 tests toxic based on both facilities combined
(Table 3-23). For tests with a mean percent effect < 25% at the IWC, TST analysis and NOEC
analysis each declared one test (4.6%) toxic (Table 3-23). The test declared toxic using TST had
a mean percent effect of 23.4% at the IWC and the test declared toxic using NOEC had a mean
percent effect of 12.7%. The one test declared toxic using NOEC analysis for facility C had
PMSD values below the lower bound PMSD for this test endpoint (0.08; lower bound PMSD =
0.09). No tests with a mean percent effect ≤ 10% at the IWC were declared toxic using either 
analysis method (Table 3-23).

Table 3-23. Summary of Selenastrum capricornutum growth tests declared toxic and non-toxic regardless
of percent mean effect, and those tests declared toxic with a percent mean effect at the IWC < 25% and <
10% for each analysis method grouped by facility. Numbers in parentheses represent the percentage
based on all tests for a given facility.

Facility N

Number (Percent)
of Tests Declared

Non-Toxic

Number (Percent)
of Tests Declared

Toxic

Number (Percent) of
Tests Declared Toxic
with < 25% Effect at

IWC

Number (Percent) of
Tests Declared Toxic
with < 10% Effect at

IWC

TST NOEC TST NOEC TST NOEC TST NOEC

C 30 7 (23) 6 (20) 23 (77) 24 (80) 0 (0) 1
1

(3) 0 (0) 0 (0)

H 14 13 (93) 14 (100) 1 (7) 0 (0) 1 (7) 0 (0) 0 (0) 0 (0)

1. This test was below the lower bound PMSD for this endpoint.

Control SD for the one test declared toxic using TST with a mean percent effect < 25% was
nearly double the 90th percentile based on the national distribution (USEPA, 2010; Table 3-24).
The SD at the IWC was over four times the 90th percentile based on the national distribution
(USEPA, 2010; Table 3-24). The use of up to five additional replicates for this test did not
change the result using TST; the test was still declared toxic (Table 3-25) due to the very high
within-test variability.
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Table 3-24. Range of standard deviations (SD) observed in the control and IWC for Selenastrum
capricornutum growth tests declared toxic using TST and NOEC when the mean percent effect < 25% by
facility, and compared to the national distributions from USEPA, 2010 (NA = No tests were declared
toxic with < 25% effect at the IWC).

Analysis
Method /

Concentration
Facility

Minimum
SD

Median
SD

Maximum
SD

25th
Percentile
SD (EPA,

2010)

50th
Percentile
SD (EPA,

2010)

75th
Percentile
SD (EPA,

2010)

90th
Percentile
SD (EPA,

2010)

TST / Control
C NA NA NA

135154 309232 447446 583299

H 963200 963200 963200

TST / IWC
C NA NA NA

H 2800000 2800000 2800000

NOEC /
Control

C 31400 31400 31400

H NA NA NA

NOEC / IWC
C 24500 24500 24500

H NA NA NA

Table 3-25. Effect of additional replicates on the result of Selenastrum
capricornutum growth tests declared toxic when the mean effect is < 25% for
facility H. NC = no change in result with up to five additional (total of 10)
replicates.

Facility
Mean Effect
at IWC (%)

Found Non-Toxic With
Additional Replicates

Number of Additional
Replicates Needed

H 23.39 No NC

3.10 Acute Daphnid Survival Test

A total of 82 acute daphnid survival tests using either Daphnia pulex or Ceriodaphnia dubia
were evaluated for several facilities in Washington State. Mean percent effect was 0% for 75%
of the tests and the maximum percent effect observed was 100%.

TST analysis declared four tests toxic from all facilities combined while NOEC analysis declared
one test toxic (Table 3-26). One test was declared non-toxic using NOEC analysis with a mean
percent effect > 20% in the IWC (21.0% effect). TST declared this test toxic. For tests with a
mean percent effect < 20% at the IWC, two (2.5%) were declared toxic using TST analysis and
no tests were declared toxic using the NOEC analysis (Table 3-26). The two tests declared toxic
using TST had mean percent effect values of 10.5% and 15.0%. Neither analysis method
declared any tests toxic with a mean percent effect ≤ 10% (Table 3-26). 

For the two tests found toxic using TST analysis at a mean percent effect < 20%, one test had a
control standard deviation equal to the 90th percentile based on the national distribution (USEPA,
2010; Table 3-27). SDs at the IWC for these two tests were either equal to or nearly double the
90th percentile of the national distribution (USEPA, 2010; Table 3-27). Adding one or two
replicates to either of these two tests resulted in TST declaring the tests non-toxic (Table 3-28).



TST Test Drive 12/13/2011

19

Table 3-26. Summary of acute daphnid survival tests declared toxic and non-toxic regardless of the mean
percent effect, and those tests declared toxic with a mean percent effect at the IWC < 20% and < 10% for
each analysis method. Numbers in parentheses represent the percentage based on all tests for a given
facility.

Facility N

Number (Percent) of
Tests Declared Non-

Toxic

Number (Percent)
of Tests Declared

Toxic

Number (Percent) of
Tests Declared Toxic
with < 20% Effect at

IWC

Number (Percent) of
Tests Declared Toxic
with < 10% Effect at

IWC

TST NOEC TST NOEC TST NOEC TST NOEC

I 82 78 (95) 81 (99) 4 (5) 1 (1) 2 (2) 0 (0) 0 (0) 0 (0)

Table 3-27. Range of standard deviations (SD) observed in the control and IWC for acute daphnid
survival tests declared toxic using TST and NOEC when the mean percent effect was < 20% compared to
the national distributions from 2010b (NA = No tests were declared toxic with < 20% effect at the IWC).

Analysis
Method /

Concentration
Facility

Minimum
SD

Median
SD

Maximum
SD

25th
Percentile
SD (EPA,

2010)

50th
Percentile
SD (EPA,

2010)

75th
Percentile
SD (EPA,

2010)

90th
Percentile
SD (EPA,

2010)

TST / Control I 0.00 0.05 0.10

0.00 0.00 0.00 0.10
TST / IWC I 0.10 0.15 0.19

NOEC / Control I NA NA NA

NOEC / IWC I NA NA NA

Table 3-28. Effect of adding additional replicates on the result of the
acute daphnid tests declared toxic when the mean effect is < 20% for
facility I.

Facility
Mean Effect
at IWC (%)

Found Non-Toxic With
Additional Replicates

Number of
Additional
Replicates

Needed

I 15.00 Yes 1

I 10.53 Yes 2

3.11 Acute Four Replicate Fish Survival Test

A total of 99 acute, four-replicate fish survival tests using Pimephales promelas, Atherinops
affinis, Oncorhynchus mykiss, or Menidia beryllina were evaluated representing one facility in
California (D), as well as several in Washington State (I). Facility D had a mean percent effect at
the IWC between 0% and 5.0%. The Washington facilities had mean percent effect values
ranging between 0 and 10.0%.

TST analysis resulted in one test declared toxic while NOEC analysis declared no tests toxic
(Table 3-29). For tests with a mean percent effect < 20% at the IWC, one (1.0%) test was
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declared toxic using TST analysis and no tests were declared toxic using NOEC analysis (Table
3-29). The test found to be toxic using TST analysis had a mean percent effect value of 10.0%
and an SD in the IWC near the 90th percentile control SD found in USEPA, 2010 (Table 3-30).

Table 3-29. Summary of the acute four replicate fish survival tests declared toxic and non-toxic
regardless of percent mean effect and those tests declared toxic with a percent mean effect at the IWC <
20% and < 10% for each analysis method grouped by facility. Numbers in parentheses represent the
percentage based on all tests for a given facility.

Facility N

Number (Percent) of
Tests Declared Non-

Toxic

Number (Percent) of
Tests Declared Toxic

Number (Percent) of
Tests Declared Toxic
with < 20% Effect at

IWC

Number (Percent) of
Tests Declared Toxic
with < 10% Effect at

IWC

TST NOEC TST NOEC TST NOEC TST NOEC

D 15 15 (100) 15 (100) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

I 84 83 (99) 84 (100) 1 (1) 0 (0) 1 (1) 0 (0) 1 (1) 0 (0)

Table 3-30. Standard deviations (SD) observed in the control and IWC for the four replicate fish acute
survival tests declared toxic using TST and NOEC when the mean percent effect < 20% by facility and
compared to the national distributions from USEPA, 2010 (NA = No tests were declared toxic with <
20% effect at the IWC).

Analysis Method/
Concentration

Facility SD
25th

Percentile SD
(EPA, 2010)

50th
Percentile SD
(EPA, 2010)

75th
Percentile SD
(EPA, 2010)

90th
Percentile SD
(EPA, 2010)

TST / Control
D NA

0.00 0.00 0.00 0.18

I 0

TST / IWC
D NA

I 0.14

NOEC / Control
D NA

I NA

NOEC / IWC
D NA

I NA

For the one test declared toxic using TST with a mean percent effect < 20%, one additional
replicate was sufficient to declare the test non-toxic (Table 3-31).

Table 3-31. Effect of adding additional replicates on the result of acute fish
tests declared toxic when the mean effect is < 20% for facility I.

Facility
Mean Effect at

IWC (%)
Found Non-Toxic With
Additional Replicates

Number of
Additional
Replicates

Needed

I 10.00 Yes 1
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3.12 Acute Four Replicate Americamysis bahia Survival Test

A total of 18 acute Americamysis bahia survival tests were evaluated representing two different
facilities. Maximum percent effect values from facilities D and I did not exceed 7.9%. TST and
NOEC analysis did not declare any of these tests toxic.

3.13 Small Facility Results – All Methods

A total of 16 WET tests were provided from three smaller facilities (from underprivileged
communities) in California. Data included one Selenastrum capricornutum growth test, six
Ceriodaphnia dubia reproduction tests, seven Pimephales promelas survival and biomass tests,
and two acute Ceriodaphnia dubia survival tests.

TST analysis resulted in nine tests declared toxic while NOEC analysis declared six tests toxic
(Table 3-32). For tests with a mean percent effect < 25% for chronic tests or < 20% for acute
tests at the IWC, four (36.4%) tests were declared toxic using TST analysis and two (18.2%)
tests were declared toxic using NOEC analysis (Table 3-32). One chronic P. promelas test with
a mean percent effect value of 7.9% was declared toxic based on survival using NOEC analysis,
while TST analysis did not declare any tests with a effect < 10% as toxic (Table 3-32).

The three Ceriodaphnia dubia chronic tests declared toxic using TST analysis had mean percent
effect values of 11.8%, 18.3%, and 13.2%. The control SD for the test with an effect of 18.3%
fell in the 25th to 50th percentile range of values reported in USEPA, 2010, while the IWC SD for
this test was > 75th percentile (Table 3-33). Control SD for the other tests was considerably > 90th

percentile reported in the national distribution (USEPA, 2010).

One Pimephales promelas survival and biomass test was declared toxic using TST analysis for
both endpoints with mean effect values of 18.4% and 13.1%, respectively (Table 3-33). Control
SD for each endpoint was < 50th percentile value observed in the national distribution (USEPA,
2010; Table 3-33). However, IWC variability for both endpoints was > 90th percentile value
reported in the national distribution (Table 3-33).

For all four chronic tests that were declared toxic using TST and had mean percent effect < 25%,
for chronic or < 20% for acute, no more than three additional replicates were needed to declare
the test not toxic (Table 3-34). In all but one of the tests, only one additional replicate was
sufficient to declare the test not toxic.
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Table 3-32. Summary of the small facility tests declared toxic and non-toxic regardless of percent mean
effect, and those tests declared toxic with a percent mean effect at the IWC <25% (20% for acute) and <
10% for each analysis method, grouped by WET test method. Numbers in parentheses represent the
percentage based on all tests from the small facilities for a giving method.

WET Test
Method

Number (Percent)
of Tests Declared

Non-Toxic

Number (Percent)
of Tests Declared

Toxic

Number (Percent)
of Tests Declared
Toxic with < 25%
Effect (Chronic
tests) or 20%

Effect (Acute tests)
at IWC

Number (Percent)
of Tests Declared
Toxic with < 10%

Effect at IWC

TST NOEC TST NOEC TST NOEC TST NOEC

Selenastrum
Growth

0 (0) 0 (0) 1 (100) 1 (100) 0 (0) 0 (0) 0 (0) 0 (0)

C. dubia
Reproduction

0 (0) 4 (67) 6 (100) 2 (33) 3 (50) 0 (0) 0 (0) 0 (0)

P. promelas
Chronic Survival

6 (86) 5 (71) 1 (14) 2 (29) 1
1

(14) 2 (29) 0 (0) 1 (14)

P. promelas
Biomass

6 (86) 7 (100) 1 (14) 0 (0) 1
1

(14) 0 (0) 0 (0) 0 (0)

C. dubia Acute
Survival

1 (50) 1 (50) 1 (50) 1 (50) 0 (0) 0 (0) 0 (0) 0 (0)

1. One P. promelas chronic test was found toxic with TST for both the survival and biomass endpoints.

Table 3-33. Range of standard deviations (SD) observed in the control and IWC for tests declared toxic
using TST and NOEC when the mean percent effect < 25% compared to the national distributions from
USEPA, 2010 (NA = No tests were declared toxic with < 25% effect at the IWC).

Analysis
Method /

Concentration

Test
Endpoint

Minimum
SD

Median
SD

Maximum
SD

25th
Percentile
SD (EPA,

2010)

50th
Percentile
SD (EPA,

2010)

75th
Percentile
SD (EPA,

2010)

90th
Percentile
SD (EPA,

2010)

TST / Control

C.dubia
reproduction

3.23 12.28 12.98 2.64 3.79 5.82 8.41

P. promelas
chronic
survival

0.06 0.06 0.06 0.03 0.05 0.08 0.11

P. promelas
chronic
biomass

0.02 0.02 0.02 0.03 0.05 0.08 0.11

TST / IWC

C.dubia
reproduction

7.01 7.75 9.80 2.64 3.79 5.82 8.41

P. promelas
chronic
survival

0.39 0.39 0.39 0.03 0.05 0.08 0.11

P. promelas
chronic
biomass

0.14 0.14 0.14 0.03 0.05 0.08 0.11
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Table 3-33. Continued

Analysis
Method /

Concentration

Test
Endpoint

Minimum
SD

Median
SD

Maximum
SD

25th
Percentile
SD (EPA,

2010)

50th
Percentile
SD (EPA,

2010)

75th
Percentile
SD (EPA,

2010)

90th
Percentile
SD (EPA,

2010)

NOEC / Control

C.dubia
reproduction

NA NA NA 2.64 3.79 5.82 8.41

P. promelas
chronic
survival

0.00 0.03 0.06 0.03 0.05 0.08 0.11

P. promelas
chronic
biomass

0.02 0.02 0.02 0.03 0.05 0.08 0.11

NOEC / IWC

C.dubia
reproduction

NA NA NA 2.64 3.79 5.82 8.41

P. promelas
chronic
survival

0.05 0.07 0.10 0.03 0.05 0.08 0.11

P. promelas
chronic
biomass

0.03 0.03 0.03 0.03 0.05 0.08 0.11

Table 3-34. Effects of adding additional replicates on TST results for WET tests initially declared
toxic (mean percent effect at the IWC was < 25% for these chronic tests).

3.14 SWAMP and CEDEN Database Analysis

The data used in this analysis were queried from the SWAMP database and the CEDEN.
Toxicity tests were performed by seven laboratories between September, 2001 and September,
2009. Samples were collected during both dry events and wet weather events throughout the
state of California, as well as during irrigation seasons in the central coast, central valley, and
other agricultural areas. Test endpoints examined were C. dubia chronic reproduction, P.
promelas chronic survival, P. promelas chronic biomass, and S. capricornutum 96-hour cell
growth. All chronic toxicity tests for which replicate level data were stored in the databases and
whose data were deemed acceptable by database quality assurance standards were included in
the analysis.

Test Endpoint
Mean %

Effect at IWC

Found Non-Toxic
with Additional

Replicates

# of Additional
Replicates Needed

1 C. dubia Reproduction 11.84 Yes 1

2 C. dubia Reproduction 18.32 Yes 1

3 C. dubia Reproduction 13.21 Yes 3

4 P. promelas biomass 13.07 Yes 1

5 P. promelas Survival 18.42 Yes 1
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Out of a total of 3,201 WET endpoints analyzed for the SWAMP and CEDEN data, TST
declared a total of 578 test endpoints toxic, while NOEC declared 529 test endpoints toxic (Table
3-35). For endpoints with a mean percent effect < 25% at the IWC, 176 (6.3%) were declared
toxic using TST and 165 (5.9%) were declared toxic using NOEC (Table 3-35). NOEC declared
21 test endpoints as toxic, while TST declared 2 with an effect < 10% as toxic (Table 3-35).

Table 3-35. Summary of the tests declared toxic and non-toxic regardless of percent mean effect, and
those tests declared toxic with a percent mean effect at the IWC <25% and < 10% for each analysis
method, grouped by WET test method. Numbers in parentheses represent the percentage based on all tests
available in both databases for a giving method.

WET Test
Method

Number (Percent) of
Tests Declared Non-

Toxic

Number (Percent)
of Tests Declared

Toxic
1

Number (Percent)
of Tests Declared
Toxic with < 25%

Effect
2

Number
(Percent) of

Tests Declared
Toxic with < 10%
Effect at IWC

3,5

TST NOEC TST NOEC TST NOEC TST NOEC

C. dubia
Reproduction

653 (74) 670 (76) 233 (26) 216 (24) 59 (8) 46 (7) 2 (0) 7 (1)

P. promelas
Biomass

4 230 (93) 229 (92) 18 (7) 19 (8) 7 (3) 10 (4) 0 (0) 2 (1)

P. promelas
Chronic Survival

4 492 (78) 582 (92) 142 (22) 52 (8) 83 (14) 22 (4) 0 (0) 0 (0)

Selenastrum
Growth

1248 (87) 1191 (83) 185 (13) 242 (17) 27 (2) 87 (7) 0 (0) 12 (1)

1. This includes tests which are truly toxic above the RMD of 20% for acute or 25% for chronic, as well as those
tests with effects below the respective RMDs.

2. This includes only tests with effects less than the non-toxic RMD of 25% (chronic) or 20% (acute) effect at
100% site water.

3. This includes only tests with effects less than the non-toxic RMD of 10% at 100% site water.
4. There is likely some overlap between these endpoints in that one test may have had toxicity for survival and

biomass.
5. The IWC in the SWAMP/CEDEN tests is 100% “sample water” either from stormwater or ambient sample

water.

Mean Control and IWC SD for the C. dubia reproduction tests declared toxic using TST with a
mean percent effect < 25% was greater than the 75th percentile, while the tests declared toxic
using NOEC analysis were below the 75th percentile based on the national distribution (USEPA,
2010; Table 3-36). Mean control SD for the P. promelas tests found toxic with the survival
endpoint using either analysis method were comparible to the 50th percentile based on the
national distribution, however mean IWC SD for these tests were greater than or nearly equal to
the national distribution (USEPA, 2010; Table 3-36). For the P. promelas tests found toxic with
the biomass endpoint using TST analysis, control SD was below the 50th percentile of the
national distribution, while IWC SD was greater than the 90th percentile (USEPA, 2010; Table 3-
36). The P. promelas biomass tests that were deemed toxic using NOEC analysis had control and
IWC SD that was near the 50th percentile of the national distribution (USEPA, 2010; Table 3-
36).
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Table 3-36. Range of standard deviations (SD) observed in the control and IWC for tests declared toxic
using TST and NOEC when the mean percent effect < 25% compared to the national distributions from
USEPA, 2010 (NA = No tests were declared toxic with < 25% effect at the IWC).

Analysis
Method /

Concentration

Test
Endpoint

Minimum
SD

Mean SD
Maximum

SD

25th
Percentile
SD (EPA,

2010)

50th
Percentile
SD (EPA,

2010)

75th
Percentile
SD (EPA,

2010)

90th
Percentile
SD (EPA,

2010)

TST / Control

C. dubia
Reproduction

1.57 6.25 12.36 2.64 3.79 5.82 8.41

P. promelas
Chronic
Survival

0.00 0.04 0.19 0.03 0.05 0.08 0.11

P. promelas
Chronic
Biomass

0.02 0.04 0.07 0.03 0.05 0.08 0.11

TST / IWC

C. dubia
Reproduction

2.31 8.08 14.8 2.64 3.79 5.82 8.41

P. promelas
Chronic
Survival

0.06 0.19 0.49 0.03 0.05 0.08 0.11

P. promelas
Chronic
Biomass

0.07 0.13 0.21 0.03 0.05 0.08 0.11

NOEC / Control

C. dubia
Reproduction

1.52 4.45 10.83 2.64 3.79 5.82 8.41

P. promelas
Chronic
Survival

0.00 0.03 0.10 0.03 0.05 0.08 0.11

P. promelas
Chronic
Biomass

0.01 0.04 0.07 0.03 0.05 0.08 0.11

NOEC / IWC

C. dubia
Reproduction

1.79 5.11 12.20 2.64 3.79 5.82 8.41

P. promelas
Chronic
Survival

0.01 0.10 0.15 0.03 0.05 0.08 0.11

P. promelas
Chronic
Biomass

0.02 0.07 0.15 0.03 0.05 0.08 0.11
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4.0 SUMMARY
Based on the 890 valid WET tests evaluated, including all methods commonly used in
California, there was high concordance between results obtained using either the TST or the
NOEC analysis approach (Table 4-1, Figure 4-1). Both approaches declared a similar percentage
of the tests non-toxic or toxic (Table 4-1). For those tests which had a mean effect at the IWC
less than the toxic RMD of 25% for chronic methods or 20% for acute methods, TST analysis
declared fewer (3.7%) of those tests as toxic compared to the NOEC approach (5.5%; Table 4-1;
Figure 4-1). In addition, TST analysis declared a very low percentage (0.1%) of all tests as toxic
which had an effect less than or equal to the non-toxic RMD of 10%, while NOEC analysis
declared 2.8% of those tests as toxic (Table 4-1). Thus truly non-toxic samples were more often
declared non-toxic using TST than using the NOEC approach. The few cases where TST
detected toxicity at effects less than the toxic RMD, but above the non-toxic RMD were due to
high variability between replicates in the controls and/or IWC treatments. Addition of a minimal
number of replicates to these tests usually resulted in the sample being declared non-toxic using
the TST procedure.

Table 4-1. Summary of all WET method tests declared toxic and non-toxic regardless of percent mean
effect, and those declared toxic with a percent mean effect at the IWC < 25% and < 10% for each analysis
method grouped by test type. Numbers represent the percentage based on all tests for a given method
type.

Method Type

Number (Percent) of
Tests Declared Non-

Toxic

Number (Percent) of
Tests Declared Toxic

1

Number (Percent)
of Tests Declared
Toxic with < 25%
(20% for Acute)
Effect at IWC

2

Number (Percent)
of Tests Declared
Toxic with < 10%

Effect at IWC
3

TST NOEC TST NOEC TST NOEC TST NOEC

Chronic
Marine

308 (89.3) 288 (83.5) 37 (10.7) 57 (16.5) 7 (2.2) 31 (9.8) 0 (0) 16 (5.6)

Chronic
Freshwater

254 (73.8) 266 (77.3) 90 (26.2) 78 (22.7) 19 (7.0) 12 (4.4) 0 (0) 4 (1.7)

Acute Marine 33 (100) 33 (100) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Acute
Freshwater

162 (96.4) 166 (98.8) 6 (3.6) 2 (1.2) 3 (1.8) 0 (0) 1 (0.6) 0 (0)

All Methods 757 (85.1) 753 (84.6) 133 (14.9) 137 (15.4) 29 (3.7) 43 (5.5) 1 (0.1) 20 (2.8)

1. This includes tests which are truly toxic above the RMD of 20% for acute or 25% for chronic, as well as those
tests with effects below the respective RMDs.

2. This includes only tests with effects less than the non-toxic RMD of 25% (chronic) or 20% (acute) effect at the
IWC.

3. This includes only tests with effects less than the non-toxic RMD of 10% at the IWC.

For tests with a mean effect at the IWC greater than or equal to the toxic RMD, TST analysis
resulted in a much lower rate of non-toxic tests than the NOEC analysis (Figure 4-2). Thus, TST
more consistently identified truly toxic samples than the NOEC analysis.
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Figure 4-1. Summary of the tests from all methods that were declared toxic using TST and NOEC analysis with a
mean effect at the IWC less than the toxic RMD of 25% for chronic or 20% for acute tests. These percentages
include those tests having effects at the IWC less than or equal to the non-toxic RMD of 10%. N=786 tests.

Figure 4-2. Summary of the tests from all methods that were declared non-toxic using TST and NOEC analysis
with a mean effect at the IWC greater than or equal to the toxic RMD of 25% for chronic or 20% for acute tests.
N=104 tests. This pie chart is smaller than Figure 4-1 because it reflects the fewer number of total tests for Figure 4-
2.
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For the 3,201 SWAMP and CEDEN freshwater ambient chronic toxicity endpoints evaluated, a
similar number of tests were declared toxic which had a mean effect at the IWC less than the
toxic RMD of 25% using either TST (6.3%) or NOEC (5.9%) analysis (Table 4-2, Figure 4-3).
The tests found toxic using TST analysis that were below the toxic RMD were due to high
variability between replicates in the controls and/or the sample. In addition, TST analysis
declared a very low percentage (0.1%) of all tests as toxic which had an effect less than or equal
to the non-toxic RMD of 10%, while NOEC analysis declared 0.9% of those tests as toxic (Table
4-2). For those tests with a mean effect at the IWC greater than or equal to the toxic RMD, TST
analysis did not declare any tests non-toxic, while NOEC analysis declared 38 (9.5%) tests as
non-toxic (Figure 4-4), similar to the results observed in effluent testing (Figure 4-2).

Table 4-2. Summary of the tests declared toxic and non-toxic regardless of percent mean effect, and those
tests declared toxic with a percent mean effect at the IWC <25% and < 10% for each analysis method,
grouped by WET test method. Numbers in parentheses represent the percentage based on all tests
available in both databases for a given method.

WET Test
Method

Number (Percent) of Tests
Declared Non-Toxic

Number (Percent) of
Tests Declared Toxic

1

Number (Percent) of
Tests Declared Toxic

with < 25% Effect
2

Number (Percent)
of Tests Declared
Toxic with < 10%
Effect at IWC

3,5

TST NOEC TST NOEC TST NOEC TST NOEC

C. dubia
Reproduction

653 (73.7) 670 (75.6) 233 (26.3) 216 (24.4) 59 (8.3) 46 (6.5) 2 (0.3) 7 (1.2)

P. promelas
Biomass

4 230 (92.7) 229 (92.3) 18 (7.3) 19 (7.7) 7 (3.0) 10 (4.2) 0 (0) 2 (0.9)

P. promelas
Chronic Survival

4 492 (77.6) 582 (91.8) 142 (22.4) 52 (8.2) 83 (14.4) 22 (3.8) 0 (0) 0 (0)

Selenastrum
Growth

1248 (87.1) 1191 (83.1) 185 (12.9) 242 (16.9) 27 (2.1) 87 (6.8) 0 (0) 12 (1.0)

All Methods 2623 (81.9) 2672 (83.5) 578 (18.1) 529 (16.5) 176 (6.3) 165 (5.9) 2 (0.1) 21 (0.9)

1. This includes tests which are truly toxic above the RMD of 20% for acute or 25% for chronic, as well as those
tests with effects below the respective RMDs.

2. This includes only tests with effects less than the non-toxic RMD of 25% (chronic) or 20% (acute) effect at
100% site water.

3. This includes only tests with effects less than the non-toxic RMD of 10% at 100% site water.
4. There is likely some overlap between these endpoints in that one test may have had toxicity for survival and

biomass.
5. The IWC in the SWAMP/CEDEN tests is 100% “sample water” either from stormwater or ambient sample

water.
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Figure 4-3. Summary of the endpoints from the SWAMP and CEDEN data that were declared toxic using TST and
NOEC analysis with a mean effect at the IWC less than the toxic RMD of 25% for chronic tests. These percentages
include those tests having effects at the IWC less than or equal to the non-toxic RMD of 10%. N=2799 tests.

Figure 4-4. Summary of the endpoints from the SWAMP and CEDEN data that were declared non-toxic using TST
and NOEC analysis with a mean effect at the IWC greater than or equal to the toxic RMD of 25% for chronic tests.
N=402 tests. This pie chart is smaller than Figure 4-3 because it reflects the fewer number of total tests for Figure 4-
4.
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Appendix A

Database of Effluent and Ambient Tests
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Source
ID

Test Species Test Type Length IWC Control SD IWC SD
Control

Response
IWC Response

NOEC
Pass

or
Fail

TST
Pass

or
Fail

Mean
%

Effect
at IWC

B Haliotis rufescens Larval Development 48 hours 0.100 0.031 0.029 0.85 0.87 Pass Pass 0.00

B Haliotis rufescens Larval Development 48 hours 0.100 0.036 0.030 0.94 0.91 Pass Pass 3.18

B Haliotis rufescens Larval Development 48 hours 0.100 0.037 0.054 0.90 0.78 Fail Pass 13.56

B Haliotis rufescens Larval Development 48 hours 0.100 0.024 0.053 0.92 0.68 Fail Fail 26.36

B Haliotis rufescens Larval Development 48 hours 0.100 0.030 0.033 0.89 0.88 Pass Pass 1.13

B Haliotis rufescens Larval Development 48 hours 0.100 0.011 0.030 0.95 0.76 Fail Pass 19.87

B Haliotis rufescens Larval Development 48 hours 0.100 0.036 0.039 0.89 0.66 Fail Fail 26.62

B Haliotis rufescens Larval Development 48 hours 0.100 0.015 0.042 0.95 0.91 Pass Pass 4.01

B Haliotis rufescens Larval Development 48 hours 0.100 0.023 0.056 0.94 0.64 Fail Fail 31.34

B Haliotis rufescens Larval Development 48 hours 0.100 0.022 0.041 0.89 0.64 Fail Fail 28.31

B Haliotis rufescens Larval Development 48 hours 0.100 0.024 0.012 0.93 0.01 Fail Fail 98.92

B Haliotis rufescens Larval Development 48 hours 0.100 0.023 0.048 0.95 0.56 Fail Fail 40.51

B Haliotis rufescens Larval Development 48 hours 0.100 0.024 0.057 0.86 0.12 Fail Fail 86.54

B Haliotis rufescens Larval Development 48 hours 0.100 0.012 0.032 0.95 0.88 Fail Pass 7.79

B Haliotis rufescens Larval Development 48 hours 0.100 0.018 0.022 0.96 0.95 Pass Pass 0.84

B Haliotis rufescens Larval Development 48 hours 0.100 0.018 0.021 0.96 0.95 Pass Pass 1.25

B Haliotis rufescens Larval Development 48 hours 0.100 0.013 0.038 0.95 0.88 Fail Pass 7.59

B Haliotis rufescens Larval Development 48 hours 0.100 0.018 0.035 0.95 0.89 Fail Pass 6.50

B Haliotis rufescens Larval Development 48 hours 0.100 0.013 0.065 0.94 0.29 Fail Fail 69.43

B Haliotis rufescens Larval Development 48 hours 0.100 0.024 0.038 0.93 0.85 Fail Pass 8.84

B Haliotis rufescens Larval Development 48 hours 0.100 0.030 0.026 0.83 0.81 Pass Pass 2.64

B Haliotis rufescens Larval Development 48 hours 0.100 0.018 0.011 0.92 0.94 Pass Pass 0.00

B Haliotis rufescens Larval Development 48 hours 0.100 0.032 0.016 0.85 0.80 Fail Pass 5.44

B Haliotis rufescens Larval Development 48 hours 0.100 0.034 0.035 0.83 0.85 Pass Pass 0.00

B Haliotis rufescens Larval Development 48 hours 0.100 0.026 0.050 0.92 0.56 Fail Fail 39.70

A Haliotis rufescens Larval Development 48 hours 0.008 0.047 0.036 0.93 0.91 Pass Pass 2.03

A Haliotis rufescens Larval Development 48 hours 0.008 0.009 0.208 0.99 0.79 Fail Fail 20.20

A Haliotis rufescens Larval Development 48 hours 0.008 0.031 0.115 0.94 0.80 Fail Fail 15.40



TST Test Drive 12/13/2011

33

Source
ID

Test Species Test Type Length IWC Control SD IWC SD
Control

Response
IWC Response

NOEC
Pass

or
Fail

TST
Pass

or
Fail

Mean
%

Effect
at IWC

A Haliotis rufescens Larval Development 48 hours 0.008 0.008 0.054 0.98 0.86 Fail Pass 11.49

A Haliotis rufescens Larval Development 48 hours 0.008 0.026 0.280 0.92 0.63 Pass Fail 31.23

A Haliotis rufescens Larval Development 48 hours 0.008 0.064 0.040 0.93 0.92 Pass Pass 0.21

A Haliotis rufescens Larval Development 48 hours 0.008 0.025 0.033 0.96 0.94 Pass Pass 2.58

A Haliotis rufescens Larval Development 48 hours 0.008 0.026 0.075 0.93 0.58 Fail Fail 37.13

A Haliotis rufescens Larval Development 48 hours 0.008 0.014 0.031 0.95 0.93 Pass Pass 1.59

A Haliotis rufescens Larval Development 48 hours 0.008 0.087 0.069 0.91 0.90 Pass Pass 1.41

A Haliotis rufescens Larval Development 48 hours 0.008 0.034 0.073 0.93 0.92 Pass Pass 1.56

A Haliotis rufescens Larval Development 48 hours 0.008 0.023 0.047 0.92 0.91 Pass Pass 1.83

A Haliotis rufescens Larval Development 48 hours 0.008 0.023 0.036 0.96 0.92 Pass Pass 3.51

A Haliotis rufescens Larval Development 48 hours 0.008 0.067 0.030 0.92 0.93 Pass Pass 0.00

A Haliotis rufescens Larval Development 48 hours 0.008 0.012 0.040 0.94 0.89 Pass Pass 5.49

A Haliotis rufescens Larval Development 48 hours 0.008 0.024 0.090 0.95 0.93 Pass Pass 2.16

A Haliotis rufescens Larval Development 48 hours 0.008 0.017 0.013 0.98 0.99 Pass Pass 0.00

A Haliotis rufescens Larval Development 48 hours 0.008 0.010 0.029 0.99 0.01 Fail Fail 98.68

A Haliotis rufescens Larval Development 48 hours 0.008 0.031 0.069 0.95 0.94 Pass Pass 0.73

A Haliotis rufescens Larval Development 48 hours 0.008 0.100 0.015 0.90 0.98 Pass Pass 0.00

A Haliotis rufescens Larval Development 48 hours 0.008 0.052 0.056 0.95 0.93 Pass Pass 2.45

A Haliotis rufescens Larval Development 48 hours 0.008 0.110 0.000 0.91 0.00 Fail Fail 100.00

A Haliotis rufescens Larval Development 48 hours 0.008 0.121 0.000 0.77 0.00 Fail Fail 100.00

A Haliotis rufescens Larval Development 48 hours 0.008 0.045 0.081 0.97 0.93 Pass Pass 4.04

A Haliotis rufescens Larval Development 48 hours 0.008 0.025 0.207 0.96 0.45 Fail Fail 53.23

A Haliotis rufescens Larval Development 48 hours 0.008 0.021 0.028 0.98 0.96 Pass Pass 1.88

A Haliotis rufescens Larval Development 48 hours 0.008 0.053 0.101 0.86 0.84 Pass Pass 2.67

D Haliotis rufescens Larval Development 48 hours 0.005 0.024 0.016 0.96 0.94 Pass Pass 2.29

D Haliotis rufescens Larval Development 48 hours 0.010 0.028 0.012 0.96 0.95 Pass Pass 1.25

D Haliotis rufescens Larval Development 48 hours 0.005 0.004 0.018 0.98 0.98 Pass Pass 0.41

D Haliotis rufescens Larval Development 48 hours 0.010 0.019 0.011 0.94 0.97 Pass Pass -2.99
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Source
ID

Test Species Test Type Length IWC Control SD IWC SD
Control

Response
IWC Response

NOEC
Pass

or
Fail

TST
Pass

or
Fail

Mean
%

Effect
at IWC

D Haliotis rufescens Larval Development 48 hours 0.005 0.036 0.015 0.94 0.98 Pass Pass -4.69

D Haliotis rufescens Larval Development 48 hours 0.010 0.018 0.015 0.97 0.94 Pass Pass 2.28

D Haliotis rufescens Larval Development 48 hours 0.005 0.037 0.057 0.85 0.78 Pass Pass 7.78

D Haliotis rufescens Larval Development 48 hours 0.010 0.027 0.032 0.84 0.88 Pass Pass -4.78

D Haliotis rufescens Larval Development 48 hours 0.010 0.025 0.067 0.74 0.79 Pass Pass -6.23

D Haliotis rufescens Larval Development 48 hours 0.010 0.053 0.021 0.90 0.92 Pass Pass -1.33

D Haliotis rufescens Larval Development 48 hours 0.010 0.056 0.026 0.90 0.90 Pass Pass 0.07

D Haliotis rufescens Larval Development 48 hours 0.010 0.029 0.016 0.93 0.91 Pass Pass 2.15

D Haliotis rufescens Larval Development 48 hours 0.010 0.041 0.023 0.91 0.89 Pass Pass 1.79

D Haliotis rufescens Larval Development 48 hours 0.005 0.024 0.040 0.81 0.81 Pass Pass 0.25

D Haliotis rufescens Larval Development 48 hours 0.010 0.058 0.049 0.84 0.79 Pass Pass 5.74

D Haliotis rufescens Larval Development 48 hours 0.010 0.034 0.029 0.81 0.81 Pass Pass -0.25

D Haliotis rufescens Larval Development 48 hours 0.010 0.019 0.038 0.86 0.81 Pass Pass 5.61

D Haliotis rufescens Larval Development 48 hours 0.010 0.023 0.039 0.84 0.79 Pass Pass 5.43

D Haliotis rufescens Larval Development 48 hours 0.010 0.025 0.015 0.97 0.96 Pass Pass 0.21

D Haliotis rufescens Larval Development 48 hours 0.010 0.027 0.017 0.95 0.96 Pass Pass -1.05

D Haliotis rufescens Larval Development 48 hours 0.005 0.019 0.019 0.97 0.98 Pass Pass -0.41

D Haliotis rufescens Larval Development 48 hours 0.005 0.069 0.023 0.85 0.83 Pass Pass 1.42

D Haliotis rufescens Larval Development 48 hours 0.010 0.046 0.069 0.82 0.82 Pass Pass 0.73

D Haliotis rufescens Larval Development 48 hours 0.010 0.042 0.055 0.83 0.84 Pass Pass -1.20

D Haliotis rufescens Larval Development 48 hours 0.005 0.019 0.023 0.98 0.94 Pass Pass 4.09

D Haliotis rufescens Larval Development 48 hours 0.010 0.013 0.033 0.97 0.96 Pass Pass 1.64

D Haliotis rufescens Larval Development 48 hours 0.005 0.028 0.055 0.93 0.86 Pass Pass 7.32

D Haliotis rufescens Larval Development 48 hours 0.010 0.027 0.037 0.91 0.93 Pass Pass -1.75

D Haliotis rufescens Larval Development 48 hours 0.010 0.046 0.051 0.87 0.89 Pass Pass -2.13

D Haliotis rufescens Larval Development 48 hours 0.010 0.022 0.016 0.94 0.95 Pass Pass -1.06

D Haliotis rufescens Larval Development 48 hours 0.005 0.011 0.018 0.98 0.98 Pass Pass 0.00

D Haliotis rufescens Larval Development 48 hours 0.010 0.008 0.026 0.96 0.96 Pass Pass -0.42
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Source
ID

Test Species Test Type Length IWC Control SD IWC SD
Control

Response
IWC Response

NOEC
Pass

or
Fail

TST
Pass

or
Fail

Mean
%

Effect
at IWC

D Haliotis rufescens Larval Development 48 hours 0.010 0.023 0.025 0.96 0.95 Pass Pass 1.66

D Haliotis rufescens Larval Development 48 hours 0.005 0.031 0.124 0.91 0.89 Pass Pass 2.20

D Haliotis rufescens Larval Development 48 hours 0.005 0.023 0.120 0.89 0.86 Pass Pass 2.75

D Haliotis rufescens Larval Development 48 hours 0.010 0.054 0.036 0.86 0.86 Pass Pass 0.70

D Haliotis rufescens Larval Development 48 hours 0.010 0.065 0.032 0.80 0.80 Pass Pass -0.68

D Haliotis rufescens Larval Development 48 hours 0.010 0.029 0.038 0.90 0.88 Pass Pass 2.01

D Haliotis rufescens Larval Development 48 hours 0.010 0.014 0.018 0.83 0.82 Pass Pass 2.02

D Haliotis rufescens Larval Development 48 hours 0.005 0.030 0.016 0.95 0.96 Pass Pass -1.48

D Haliotis rufescens Larval Development 48 hours 0.010 0.023 0.044 0.96 0.96 Pass Pass 0.62

D Haliotis rufescens Larval Development 48 hours 0.005 0.030 0.009 0.95 0.95 Pass Pass -0.85

D Haliotis rufescens Larval Development 48 hours 0.010 0.015 0.033 0.94 0.90 Pass Pass 3.84

D Haliotis rufescens Larval Development 48 hours 0.010 0.029 0.022 0.95 0.93 Pass Pass 2.11

D Haliotis rufescens Larval Development 48 hours 0.005 0.012 0.008 0.98 0.98 Pass Pass -0.20

D Haliotis rufescens Larval Development 48 hours 0.010 0.023 0.015 0.96 0.98 Pass Pass -1.46

D Haliotis rufescens Larval Development 48 hours 0.005 0.018 0.053 0.94 0.90 Pass Pass 4.26

D Haliotis rufescens Larval Development 48 hours 0.010 0.035 0.066 0.95 0.92 Pass Pass 3.56

D Haliotis rufescens Larval Development 48 hours 0.010 0.044 0.023 0.85 0.87 Pass Pass -2.60

D Haliotis rufescens Larval Development 48 hours 0.010 0.046 0.018 0.81 0.84 Pass Pass -4.36

D Haliotis rufescens Larval Development 48 hours 0.005 0.027 0.026 0.96 0.97 Pass Pass -1.88

D Haliotis rufescens Larval Development 48 hours 0.010 0.011 0.013 0.98 0.97 Pass Pass 1.02

D Haliotis rufescens Larval Development 48 hours 0.010 0.017 0.035 0.87 0.87 Pass Pass -0.12

D Haliotis rufescens Larval Development 48 hours 0.010 0.062 0.050 0.80 0.78 Pass Pass 2.49

D Haliotis rufescens Larval Development 48 hours 0.010 0.073 0.045 0.78 0.77 Pass Pass 1.12

D Haliotis rufescens Larval Development 48 hours 0.005 0.013 0.019 0.99 0.97 Pass Pass 1.42

D Haliotis rufescens Larval Development 48 hours 0.010 0.009 0.017 0.97 0.98 Pass Pass -0.21

D Haliotis rufescens Larval Development 48 hours 0.010 0.022 0.019 0.96 0.94 Pass Pass 1.26

D Haliotis rufescens Larval Development 48 hours 0.005 0.034 0.040 0.95 0.91 Pass Pass 5.03

D Haliotis rufescens Larval Development 48 hours 0.005 0.038 0.052 0.94 0.88 Pass Pass 6.09
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Source
ID

Test Species Test Type Length IWC Control SD IWC SD
Control

Response
IWC Response

NOEC
Pass

or
Fail

TST
Pass

or
Fail

Mean
%

Effect
at IWC

D Haliotis rufescens Larval Development 48 hours 0.010 0.020 0.019 0.97 0.97 Pass Pass 0.00

D Haliotis rufescens Larval Development 48 hours 0.010 0.034 0.020 0.96 0.96 Pass Pass -0.17

D Haliotis rufescens Larval Development 48 hours 0.010 0.021 0.027 0.90 0.91 Pass Pass -0.66

D Haliotis rufescens Larval Development 48 hours 0.005 0.011 0.027 0.98 0.97 Pass Pass 0.41

D Haliotis rufescens Larval Development 48 hours 0.010 0.023 0.033 0.97 0.95 Pass Pass 1.45

G Macrocystis pyrifera Germination 48 hours 0.007 0.035 0.078 0.96 0.87 Pass Pass 9.87

G Macrocystis pyrifera Germination 48 hours 0.007 0.025 0.032 0.94 0.91 Pass Pass 2.53

G Macrocystis pyrifera Germination 48 hours 0.007 0.024 0.035 0.93 0.91 Pass Pass 2.84

G Macrocystis pyrifera Germination 48 hours 0.007 0.013 0.010 0.96 0.95 Pass Pass 0.71

G Macrocystis pyrifera Germination 48 hours 0.007 0.017 0.040 0.96 0.95 Pass Pass 0.45

G Macrocystis pyrifera Germination 48 hours 0.007 0.025 0.077 0.86 0.85 Pass Pass 1.34

G Macrocystis pyrifera Germination 48 hours 0.007 0.050 0.023 0.87 0.85 Pass Pass 2.15

G Macrocystis pyrifera Germination 48 hours 0.007 0.045 0.047 0.91 0.89 Pass Pass 2.28

G Macrocystis pyrifera Germination 48 hours 0.007 0.037 0.036 0.90 0.92 Pass Pass -1.22

G Macrocystis pyrifera Germination 48 hours 0.007 0.039 0.029 0.94 0.91 Pass Pass 3.61

E Macrocystis pyrifera Germination 48 hours 0.012 0.015 0.044 0.93 0.89 Pass Pass 4.48

E Macrocystis pyrifera Germination 48 hours 0.012 0.022 0.023 0.94 0.93 Pass Pass 1.48

E Macrocystis pyrifera Germination 48 hours 0.012 0.053 0.026 0.91 0.93 Pass Pass -2.29

E Macrocystis pyrifera Germination 48 hours 0.012 0.069 0.075 0.85 0.85 Pass Pass -0.19

D Macrocystis pyrifera Germination 48 hours 0.010 0.059 0.050 0.86 0.90 Pass Pass -3.94

D Macrocystis pyrifera Germination 48 hours 0.010 0.034 0.009 0.94 0.95 Pass Pass -0.42

D Macrocystis pyrifera Germination 48 hours 0.010 0.034 0.023 0.96 0.96 Pass Pass 0.00

D Macrocystis pyrifera Germination 48 hours 0.005 0.055 0.064 0.89 0.84 Pass Pass 5.62

D Macrocystis pyrifera Germination 48 hours 0.005 0.033 0.040 0.85 0.88 Pass Pass -3.29

D Macrocystis pyrifera Germination 48 hours 0.005 0.132 0.061 0.81 0.89 Pass Pass -9.38

D Macrocystis pyrifera Germination 48 hours 0.005 0.043 0.036 0.90 0.89 Pass Pass 1.77

D Macrocystis pyrifera Germination 48 hours 0.005 0.036 0.008 0.94 0.95 Pass Pass -0.42

D Macrocystis pyrifera Germination 48 hours 0.005 0.050 0.065 0.89 0.88 Pass Pass 1.35
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Source
ID

Test Species Test Type Length IWC Control SD IWC SD
Control

Response
IWC Response

NOEC
Pass

or
Fail

TST
Pass

or
Fail

Mean
%

Effect
at IWC

D Macrocystis pyrifera Germination 48 hours 0.005 0.048 0.062 0.94 0.91 Pass Pass 2.98

D Macrocystis pyrifera Germination 48 hours 0.005 0.043 0.081 0.83 0.83 Pass Pass 0.72

D Macrocystis pyrifera Germination 48 hours 0.005 0.047 0.019 0.85 0.87 Pass Pass -1.88

D Macrocystis pyrifera Germination 48 hours 0.005 0.054 0.051 0.92 0.92 Pass Pass -0.65

D Macrocystis pyrifera Germination 48 hours 0.010 0.064 0.050 0.86 0.85 Pass Pass 1.16

D Macrocystis pyrifera Germination 48 hours 0.005 0.080 0.075 0.87 0.83 Pass Pass 4.15

D Macrocystis pyrifera Germination 48 hours 0.005 0.040 0.038 0.89 0.91 Pass Pass -1.79

D Macrocystis pyrifera Germination 48 hours 0.005 0.035 0.018 0.86 0.86 Pass Pass -0.47

D Macrocystis pyrifera Germination 48 hours 0.005 0.063 0.041 0.89 0.88 Pass Pass 1.35

D Macrocystis pyrifera Germination 48 hours 0.005 0.034 0.063 0.82 0.86 Pass Pass -5.39

D Macrocystis pyrifera Germination 48 hours 0.005 0.110 0.056 0.76 0.82 Pass Pass -7.09

D Macrocystis pyrifera Germination 48 hours 0.005 0.060 0.056 0.88 0.94 Pass Pass -6.59

D Macrocystis pyrifera Germination 48 hours 0.005 0.073 0.057 0.89 0.93 Pass Pass -4.49

D Macrocystis pyrifera Germination 48 hours 0.005 0.076 0.063 0.88 0.84 Pass Pass -0.91

D Macrocystis pyrifera Germination 48 hours 0.005 0.024 0.039 0.91 0.93 Pass Pass -1.87

D Macrocystis pyrifera Germination 48 hours 0.010 0.042 0.061 0.92 0.90 Pass Pass 2.16

D Macrocystis pyrifera Germination 48 hours 0.005 0.051 0.076 0.89 0.85 Pass Pass 4.05

D Macrocystis pyrifera Germination 48 hours 0.005 0.115 0.070 0.78 0.85 Pass Pass -8.74

D Macrocystis pyrifera Germination 48 hours 0.005 0.100 0.080 0.78 0.74 Pass Pass 4.64

D Macrocystis pyrifera Germination 48 hours 0.010 0.015 0.029 0.98 0.93 Pass Pass 4.71

D Macrocystis pyrifera Growth 48 hours 0.005 0.870 0.586 11.19 11.96 Pass Pass -6.81

D Macrocystis pyrifera Growth 48 hours 0.005 0.472 0.901 10.73 10.97 Pass Pass -2.29

D Macrocystis pyrifera Growth 48 hours 0.005 0.438 0.321 12.03 13.11 Pass Pass -9.00

D Macrocystis pyrifera Growth 48 hours 0.010 0.533 0.636 11.76 11.41 Pass Pass 2.93

D Macrocystis pyrifera Growth 48 hours 0.010 0.813 0.845 14.00 14.00 Pass Pass 0.00

D Macrocystis pyrifera Growth 48 hours 0.005 0.696 0.819 12.30 11.76 Pass Pass 4.40

D Macrocystis pyrifera Growth 48 hours 0.005 0.918 0.330 12.03 12.32 Pass Pass -2.45

D Macrocystis pyrifera Growth 48 hours 0.010 1.158 0.375 11.66 11.39 Pass Pass 2.32



TST Test Drive 12/13/2011

38

Source
ID

Test Species Test Type Length IWC Control SD IWC SD
Control

Response
IWC Response

NOEC
Pass

or
Fail

TST
Pass

or
Fail

Mean
%

Effect
at IWC

D Macrocystis pyrifera Growth 48 hours 0.005 1.178 1.618 12.52 13.28 Pass Pass -6.09

D Macrocystis pyrifera Growth 48 hours 0.005 1.144 0.854 12.18 12.82 Pass Pass -5.25

D Macrocystis pyrifera Growth 48 hours 0.010 0.465 0.518 13.95 13.75 Pass Pass 1.41

D Macrocystis pyrifera Growth 48 hours 0.005 0.699 0.306 13.21 13.68 Pass Pass -3.54

D Macrocystis pyrifera Growth 48 hours 0.005 1.077 0.308 12.69 13.70 Pass Pass -7.95

D Macrocystis pyrifera Growth 48 hours 0.005 0.465 0.573 11.27 11.59 Pass Pass -2.84

D Macrocystis pyrifera Growth 48 hours 0.010 1.002 1.067 14.96 12.69 Fail Pass 15.13

D Macrocystis pyrifera Growth 48 hours 0.005 0.430 0.605 11.17 11.83 Pass Pass -5.95

D Macrocystis pyrifera Growth 48 hours 0.005 0.670 0.959 12.28 13.09 Pass Pass -6.61

D Macrocystis pyrifera Growth 48 hours 0.005 1.022 1.547 13.55 12.85 Pass Pass 5.17

D Macrocystis pyrifera Growth 48 hours 0.005 0.568 2.003 11.51 13.48 Pass Pass -17.09

D Macrocystis pyrifera Growth 48 hours 0.005 0.318 1.053 11.83 12.84 Pass Pass -8.52

D Macrocystis pyrifera Growth 48 Hours 0.005 0.435 0.586 10.33 11.54 Pass Pass -11.67

D Macrocystis pyrifera Growth 48 hours 0.005 0.611 1.023 13.68 13.51 Pass Pass 1.26

D Macrocystis pyrifera Growth 48 hours 0.005 0.431 0.868 11.02 12.96 Pass Pass -17.63

D Macrocystis pyrifera Growth 48 hours 0.005 0.547 1.095 11.64 12.64 Pass Pass -8.67

D Macrocystis pyrifera Growth 48 hours 0.005 0.447 1.004 10.85 11.93 Pass Pass -9.98

D Macrocystis pyrifera Growth 48 hours 0.010 1.063 0.540 14.00 14.10 Pass Pass -0.70

D Macrocystis pyrifera Growth 48 hours 0.005 0.630 0.385 11.91 12.62 Pass Pass -5.99

D Macrocystis pyrifera Growth 48 hours 0.005 0.864 1.125 12.47 12.57 Pass Pass -0.79

D Macrocystis pyrifera Growth 48 hours 0.005 0.693 0.900 10.43 11.07 Pass Pass -6.13

G Macrocystis pyrifera Growth 48 hours 0.007 2.036 2.862 15.08 11.28 Pass Fail 25.17

G Macrocystis pyrifera Growth 48 hours 0.007 0.652 1.572 17.23 17.89 Pass Pass -3.84

G Macrocystis pyrifera Growth 48 hours 0.007 1.264 1.955 18.11 16.08 Pass Pass 11.18

G Macrocystis pyrifera Growth 48 hours 0.007 1.384 2.422 16.11 15.73 Pass Pass 2.32

G Macrocystis pyrifera Growth 48 hours 0.007 1.231 0.908 16.61 16.25 Pass Pass 2.18

G Macrocystis pyrifera Growth 48 hours 0.007 1.631 1.734 13.75 13.41 Pass Pass 2.52

G Macrocystis pyrifera Growth 48 hours 0.007 0.540 1.118 14.59 13.58 Pass Pass 6.88
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G Macrocystis pyrifera Growth 48 hours 0.007 2.122 2.143 15.77 14.93 Pass Pass 5.32

G Macrocystis pyrifera Growth 48 hours 0.007 2.241 0.457 16.14 14.66 Pass Pass 9.14

G Macrocystis pyrifera Growth 48 hours 0.007 1.728 1.508 16.38 16.46 Pass Pass -0.49

E Macrocystis pyrifera Growth 48 hours 0.012 1.205 0.766 15.84 16.08 Pass Pass -1.45

E Macrocystis pyrifera Growth 48 hours 0.012 1.004 0.936 15.69 15.72 Pass Pass -0.14

E Macrocystis pyrifera Growth 48 hours 0.012 1.787 0.696 15.44 15.75 Pass Pass -1.97

E Macrocystis pyrifera Growth 48 hours 0.012 0.536 1.463 14.26 15.14 Pass Pass -6.22

I Daphnia pulex Survival 48-96 hours 0.110 0.000 0.100 1.00 0.95 Pass Pass 5.00

I Daphnia pulex Survival 48-96 hours 0.110 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Daphnia pulex Survival 48-96 hours 0.110 0.100 0.000 0.95 1.00 Pass Pass -5.26

I Daphnia pulex Survival 48-96 hours 0.110 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Daphnia pulex Survival 48-96 hours 0.110 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Daphnia pulex Survival 48-96 hours 0.110 0.000 0.116 1.00 0.90 Pass Pass 10.00

I Daphnia pulex Survival 48-96 hours 0.110 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Daphnia pulex Survival 48-96 hours 0.110 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Daphnia pulex Survival 48-96 hours 0.110 0.000 0.000 1.00 0.00 Fail Fail 100.00

I Daphnia pulex Survival 48-96 hours 0.110 0.100 0.192 0.95 0.85 Pass Fail 10.53

I Daphnia pulex Survival 48-96 hours 0.110 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Daphnia pulex Survival 48-96 hours 1.000 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Daphnia pulex Survival 48-96 hours 1.000 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Daphnia pulex Survival 48-96 hours 1.000 0.100 0.000 0.95 1.00 Pass Pass -5.26

I Daphnia pulex Survival 48-96 hours 1.000 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Daphnia pulex Survival 48-96 hours 1.000 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Daphnia pulex Survival 48-96 hours 1.000 0.100 0.000 0.95 1.00 Pass Pass -5.26

I Daphnia pulex Survival 48-96 hours 1.000 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Daphnia pulex Survival 48-96 hours 1.000 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Daphnia pulex Survival 48-96 hours 1.000 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Daphnia pulex Survival 48-96 hours 1.000 0.000 0.000 1.00 1.00 Pass Pass 0.00
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I Daphnia pulex Survival 48-96 hours 1.000 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Daphnia pulex Survival 48-96 hours 1.000 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Daphnia pulex Survival 48-96 hours 1.000 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Daphnia pulex Survival 48-96 hours 1.000 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Daphnia pulex Survival 48-96 hours 1.000 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Daphnia pulex Survival 48-96 hours 1.000 0.000 0.100 1.00 0.95 Pass Pass 5.00

I Daphnia pulex Survival 48-96 hours 1.000 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Daphnia pulex Survival 48-96 hours 1.000 0.100 0.100 0.95 0.95 Pass Pass 0.00

I Daphnia pulex Survival 48-96 hours 1.000 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Daphnia pulex Survival 48-96 hours 1.000 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Daphnia pulex Survival 48-96 hours 1.000 0.000 0.100 1.00 0.95 Pass Pass 5.00

I Daphnia pulex Survival 48-96 hours 1.000 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Daphnia pulex Survival 48-96 hours 1.000 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Daphnia pulex Survival 48-96 hours 1.000 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Daphnia pulex Survival 48-96 hours 1.000 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Ceriodaphnia dubia Survival 48-96 hours 1.000 0.000 0.100 1.00 0.95 Pass Pass 5.00

I Ceriodaphnia dubia Survival 48-96 hours 1.000 0.000 0.100 1.00 0.85 Pass Fail 15.00

I Ceriodaphnia dubia Survival 48-96 hours 0.020 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Ceriodaphnia dubia Survival 48-96 hours 0.020 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Ceriodaphnia dubia Survival 48-96 hours 0.053 0.100 0.100 0.95 0.75 Pass Fail 21.05

I Ceriodaphnia dubia Survival 48-96 hours 0.125 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Ceriodaphnia dubia Survival 48-96 hours 0.125 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Daphnia pulex Survival 48-96 hours 0.045 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Daphnia pulex Survival 48-96 hours 0.045 0.000 0.100 1.00 0.95 Pass Pass 5.00

I Daphnia pulex Survival 48-96 hours 0.022 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Ceriodaphnia dubia Survival 48-96 hours 0.007 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Daphnia pulex Survival 48-96 hours 0.055 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Daphnia pulex Survival 48-96 hours 0.055 0.000 0.000 1.00 1.00 Pass Pass 0.00
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I Ceriodaphnia dubia Survival 48-96 hours 0.109 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Ceriodaphnia dubia Survival 48-96 hours 0.063 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Ceriodaphnia dubia Survival 48-96 hours 0.111 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Ceriodaphnia dubia Survival 48-96 hours 0.040 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Ceriodaphnia dubia Survival 48-96 hours 0.056 0.100 0.000 0.95 1.00 Pass Pass -5.26

I Daphnia pulex Survival 48-96 hours 0.156 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Daphnia pulex Survival 48-96 hours 0.156 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Ceriodaphnia dubia Survival 48-96 hours 0.026 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Ceriodaphnia dubia Survival 48-96 hours 0.156 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Ceriodaphnia dubia Survival 48-96 hours 0.538 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Ceriodaphnia dubia Survival 48-96 hours 0.538 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Ceriodaphnia dubia Survival 48-96 hours 0.538 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Ceriodaphnia dubia Survival 48-96 hours 0.538 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Ceriodaphnia dubia Survival 48-96 hours 0.538 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Ceriodaphnia dubia Survival 48-96 hours 0.538 0.100 0.000 0.95 1.00 Pass Pass -5.26

I Ceriodaphnia dubia Survival 48-96 hours 0.050 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Ceriodaphnia dubia Survival 48-96 hours 0.900 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Ceriodaphnia dubia Survival 48-96 hours 0.256 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Ceriodaphnia dubia Survival 48-96 hours 1.000 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Ceriodaphnia dubia Survival 48-96 hours 1.000 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Ceriodaphnia dubia Survival 48-96 hours 0.099 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Ceriodaphnia dubia Survival 48-96 hours 0.099 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Ceriodaphnia dubia Survival 48-96 hours 0.020 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Ceriodaphnia dubia Survival 48-96 hours 0.063 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Ceriodaphnia dubia Survival 48-96 hours 0.063 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Ceriodaphnia dubia Survival 48-96 hours 0.020 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Daphnia pulex Survival 48-96 hours 0.055 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Daphnia pulex Survival 48-96 hours 0.055 0.100 0.200 0.95 0.90 Pass Pass 5.26
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I Daphnia pulex Survival 48-96 hours 0.055 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Ceriodaphnia dubia Survival 48-96 hours 0.111 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Ceriodaphnia dubia Survival 48-96 hours 0.010 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Ceriodaphnia dubia Survival 48-96 hours 0.010 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Ceriodaphnia dubia Survival 48-96 hours 0.010 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Atherinops affinis Survival 7 days 0.006 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Atherinops affinis Survival 7 days 1.000 0.089 0.110 0.96 0.92 Pass Pass 4.17

I Atherinops affinis Survival 7 days 0.002 0.000 0.089 1.00 0.96 Pass Pass 4.00

I Atherinops affinis Survival 7 days 0.002 0.000 0.089 1.00 0.96 Pass Pass 4.00

I Atherinops affinis Survival 7 days 0.010 0.110 0.089 0.88 0.96 Pass Pass -9.09

I Atherinops affinis Survival 7 days 1.000 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Atherinops affinis Survival 7 days 0.022 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Atherinops affinis Survival 7 days 0.002 0.000 0.089 1.00 0.96 Pass Pass 4.00

I Atherinops affinis Survival 7 days 0.002 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Atherinops affinis Survival 7 days 0.002 0.089 0.000 0.96 1.00 Pass Pass -4.17

I Atherinops affinis Survival 7 days 0.007 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Atherinops affinis Survival 7 days 0.007 0.219 0.110 0.84 0.88 Pass Pass -4.76

I Atherinops affinis Survival 7 days 0.040 0.089 0.000 0.96 1.00 Pass Pass -4.17

I Atherinops affinis Survival 7 days 0.070 0.089 0.000 0.96 1.00 Pass Pass -4.17

I Atherinops affinis Survival 7 days 0.070 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Atherinops affinis Survival 7 days 0.070 0.089 0.000 0.96 1.00 Pass Pass -4.17

I Atherinops affinis Survival 7 days 0.070 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Atherinops affinis Survival 7 days 0.007 0.040 0.040 0.96 0.96 Pass Pass 0.00

I Atherinops affinis Survival 7 days 0.028 0.110 0.000 0.88 1.00 Pass Pass -13.64

I Atherinops affinis Survival 7 days 0.007 0.110 0.089 0.92 0.96 Pass Pass -4.35

I Atherinops affinis Survival 7 days 0.037 0.110 0.089 0.92 0.84 Pass Pass 8.70

I Atherinops affinis Survival 7 days 0.010 0.110 0.110 0.92 0.92 Pass Pass 0.00

I Atherinops affinis Survival 7 days 0.010 0.110 0.089 0.92 0.96 Pass Pass -4.35
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I Atherinops affinis Survival 7 days 0.010 0.110 0.110 0.92 0.88 Pass Pass 4.35

I Atherinops affinis Survival 7 days 0.010 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Atherinops affinis Survival 7 days 0.015 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Atherinops affinis Survival 7 days 0.010 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Atherinops affinis Survival 7 days 0.059 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Atherinops affinis Survival 7 days 0.037 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Atherinops affinis Survival 7 days 0.003 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Atherinops affinis Survival 7 days 0.001 0.000 0.179 1.00 0.92 Pass Pass 8.00

I Atherinops affinis Survival 7 days 0.028 0.000 0.089 1.00 0.96 Pass Pass 4.00

I Atherinops affinis Survival 7 days 0.059 0.110 0.089 0.88 0.96 Pass Pass -9.09

I Atherinops affinis Survival 7 days 0.020 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Atherinops affinis Survival 7 days 0.010 0.000 0.219 1.00 0.64 Pass Fail 36.00

I Atherinops affinis Survival 7 days 0.002 0.000 0.089 1.00 0.96 Pass Pass 4.00

I Atherinops affinis Survival 7 days 0.015 0.089 0.110 0.96 0.92 Pass Pass 4.17

I Atherinops affinis Survival 7 days 0.012 0.000 0.000 1.00 1.00 Pass Pass 0.00

D Atherinops affinis Survival 7 days 0.010 0.110 0.089 0.92 0.96 Pass Pass -4.35

D Atherinops affinis Survival 7 days 0.010 0.089 0.000 0.96 1.00 Pass Pass -4.17

D Atherinops affinis Survival 7 days 0.010 0.000 0.000 1.00 1.00 Pass Pass 0.00

D Atherinops affinis Survival 7 days 0.005 0.089 0.141 0.96 0.80 Pass Pass 16.67

D Atherinops affinis Survival 7 days 0.005 0.000 0.000 1.00 1.00 Pass Pass 0.00

D Atherinops affinis Survival 7 days 0.005 0.179 0.167 0.92 0.84 Pass Pass 8.70

D Atherinops affinis Survival 7 days 0.005 0.089 0.000 0.96 1.00 Pass Pass -4.17

D Atherinops affinis Survival 7 days 0.005 0.000 0.000 1.00 1.00 Pass Pass 0.00

D Atherinops affinis Survival 7 days 0.010 0.000 0.110 1.00 0.92 Pass Pass 8.00

D Atherinops affinis Survival 7 days 0.010 0.000 0.000 1.00 1.00 Pass Pass 0.00

D Atherinops affinis Survival 7 days 0.010 0.089 0.000 0.96 1.00 Pass Pass -4.17

D Atherinops affinis Biomass 7 days 0.005 0.179 0.146 1.24 1.19 Pass Pass 3.56

D Atherinops affinis Biomass 7 days 0.010 0.233 0.166 0.99 0.99 Pass Pass -0.40
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D Atherinops affinis Biomass 7 days 0.010 0.232 0.115 1.45 1.45 Pass Pass 0.28

D Atherinops affinis Biomass 7 days 0.005 0.243 0.168 1.44 1.51 Pass Pass -4.43

D Atherinops affinis Biomass 7 days 0.010 0.197 0.236 1.38 1.52 Pass Pass -10.43

D Atherinops affinis Biomass 7 days 0.005 0.191 0.117 1.23 1.11 Pass Pass 9.74

D Atherinops affinis Biomass 7 days 0.010 0.177 0.228 1.98 1.71 Pass Pass 13.36

D Atherinops affinis Biomass 7 days 0.010 0.244 0.119 1.66 1.65 Pass Pass 0.72

D Atherinops affinis Biomass 7 days 0.005 0.190 0.062 1.23 1.26 Pass Pass -2.27

D Atherinops affinis Biomass 7 days 0.010 0.162 0.245 1.56 1.38 Pass Pass 11.31

D Atherinops affinis Biomass 7 days 0.005 0.295 0.226 1.71 1.58 Pass Pass 7.48

I Atherinops affinis Biomass 7 days 0.012 0.279 0.229 2.44 2.24 Pass Pass 8.24

I Atherinops affinis Biomass 7 days 0.007 0.151 0.210 1.01 1.11 Pass Pass -9.63

I Atherinops affinis Biomass 7 days 0.007 0.238 0.263 1.58 1.82 Pass Pass -14.70

I Atherinops affinis Biomass 7 days 0.006 0.171 0.072 1.76 1.93 Pass Pass -9.12

I Atherinops affinis Biomass 7 days 0.002 0.109 0.229 1.64 1.51 Pass Pass 7.68

I Atherinops affinis Biomass 7 days 0.022 0.129 0.099 1.82 1.63 Pass Pass 10.23

I Atherinops affinis Biomass 7 days 0.070 0.132 0.131 1.26 1.39 Pass Pass -10.30

I Atherinops affinis Biomass 7 days 0.040 0.110 0.173 1.26 1.33 Pass Pass -5.49

I Atherinops affinis Biomass 7 days 0.070 0.107 0.194 1.52 1.66 Pass Pass -9.10

I Atherinops affinis Biomass 7 days 0.007 0.273 0.220 1.21 1.23 Pass Pass -1.42

I Atherinops affinis Biomass 7 days 0.010 0.310 0.158 1.21 1.38 Pass Pass -14.06

I Atherinops affinis Biomass 7 days 0.002 0.129 0.184 1.65 1.57 Pass Pass 4.86

I Atherinops affinis Biomass 7 days 0.002 0.165 0.243 1.70 1.58 Pass Pass 6.85

I Atherinops affinis Biomass 7 days 0.070 0.140 0.106 1.75 1.69 Pass Pass 3.26

I Atherinops affinis Biomass 7 days 0.070 0.103 0.248 1.48 1.94 Pass Pass -31.51

I Atherinops affinis Biomass 7 days 0.002 0.328 0.091 1.79 1.61 Pass Pass 10.13

I Atherinops affinis Biomass 7 days 0.007 0.245 0.159 1.69 1.68 Pass Pass 0.69

I Atherinops affinis Biomass 7 days 0.002 0.332 0.208 1.98 2.08 Pass Pass -4.97

I Atherinops affinis Biomass 7 days 0.015 0.163 0.158 1.12 1.09 Pass Pass 2.57
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I Atherinops affinis Biomass 7 days 0.015 0.224 0.210 1.27 1.12 Pass Pass 11.50

I Atherinops affinis Biomass 7 days 0.010 0.181 0.306 1.10 0.82 Pass Fail 25.53

I Atherinops affinis Biomass 7 days 0.010 0.148 0.234 1.51 1.78 Pass Pass -18.14

I Atherinops affinis Biomass 7 days 0.010 0.062 0.149 1.58 1.60 Pass Pass -1.16

I Atherinops affinis Biomass 7 days 0.010 0.177 0.039 1.08 1.16 Pass Pass -8.22

I Atherinops affinis Biomass 7 days 0.010 0.261 0.217 1.32 1.31 Pass Pass 0.82

I Atherinops affinis Biomass 7 days 0.010 0.167 0.076 1.05 1.05 Pass Pass -0.34

I Atherinops affinis Biomass 7 days 0.002 0.132 0.196 1.48 1.35 Pass Pass 8.99

I Atherinops affinis Biomass 7 days 0.003 0.270 0.272 1.58 1.79 Pass Pass -13.27

I Atherinops affinis Biomass 7 days 0.001 0.183 0.242 1.34 1.32 Pass Pass 1.46

I Atherinops affinis Biomass 7 days 0.037 0.110 0.089 0.92 0.84 Pass Pass 8.70

I Atherinops affinis Biomass 7 days 0.037 0.196 0.031 1.42 1.44 Pass Pass -1.61

I Atherinops affinis Biomass 7 days 0.028 0.209 0.192 1.14 1.21 Pass Pass -6.14

I Atherinops affinis Biomass 7 days 0.028 0.134 0.185 1.26 1.08 Pass Pass 14.59

I Atherinops affinis Biomass 7 days 1.000 0.094 0.263 1.91 1.63 Fail Pass 14.68

I Atherinops affinis Biomass 7 days 1.000 0.133 0.276 1.08 1.10 Pass Pass -1.62

I Atherinops affinis Biomass 7 days 0.020 0.119 0.203 1.06 1.11 Pass Pass -4.81

I Atherinops affinis Biomass 7 days 0.059 0.269 0.158 1.13 1.08 Pass Pass 3.70

I Atherinops affinis Biomass 7 days 0.059 0.191 0.010 1.12 1.01 Pass Pass 10.14

H Ceriodaphnia dubia Reproduction 6-8 days 0.125 2.821 2.449 37.20 38.00 Pass Pass -2.15

H Ceriodaphnia dubia Reproduction 6-8 days 0.125 12.160 2.201 35.70 39.80 Pass Pass -11.48

H Ceriodaphnia dubia Reproduction 6-8 days 0.125 14.480 2.514 40.70 43.10 Pass Pass -5.90

H Ceriodaphnia dubia Reproduction 6-8 days 0.125 4.762 5.095 33.30 35.20 Pass Pass -5.71

H Ceriodaphnia dubia Reproduction 6-8 days 0.125 2.331 9.359 28.90 25.60 Pass Pass 11.42

H Ceriodaphnia dubia Reproduction 6-8 days 0.125 2.406 4.222 27.70 31.40 Pass Pass -13.36

H Ceriodaphnia dubia Reproduction 6-8 days 0.125 2.357 8.762 25.00 25.90 Pass Pass -3.60

H Ceriodaphnia dubia Reproduction 6-8 days 0.125 5.774 1.767 37.30 40.30 Pass Pass -8.04

H Ceriodaphnia dubia Reproduction 6-8 days 0.125 4.006 3.498 25.40 28.70 Pass Pass -12.99
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H Ceriodaphnia dubia Reproduction 6-8 days 0.125 2.885 3.091 29.10 31.00 Pass Pass -6.53

H Ceriodaphnia dubia Reproduction 6-8 days 0.125 0.699 2.601 19.40 24.90 Pass Pass -28.35

H Ceriodaphnia dubia Reproduction 6-8 days 0.125 6.100 3.994 18.90 22.80 Pass Pass -20.63

H Ceriodaphnia dubia Reproduction 6-8 days 0.125 3.941 3.155 29.44 30.20 Pass Pass -2.57

H Ceriodaphnia dubia Reproduction 6-8 days 0.125 2.710 6.633 28.70 28.00 Pass Pass 2.44

H Ceriodaphnia dubia Reproduction 6-8 days 0.125 6.617 5.658 18.70 21.30 Pass Pass -13.90

H Ceriodaphnia dubia Reproduction 6-8 days 0.125 9.832 7.989 17.30 20.60 Pass Pass -19.08

H Ceriodaphnia dubia Reproduction 6-8 days 0.125 5.507 6.883 19.10 17.60 Pass Pass 7.85

H Ceriodaphnia dubia Reproduction 6-8 days 0.125 1.897 2.108 24.60 25.00 Pass Pass -1.63

H Ceriodaphnia dubia Reproduction 6-8 days 0.125 3.360 4.502 41.20 42.60 Pass Pass -3.40

H Ceriodaphnia dubia Reproduction 6-8 days 0.125 3.665 3.302 40.10 42.70 Pass Pass -6.48

H Ceriodaphnia dubia Reproduction 6-8 days 0.125 3.057 7.724 19.30 20.10 Pass Pass -4.15

H Ceriodaphnia dubia Reproduction 6-8 days 0.125 3.057 5.442 19.30 21.50 Pass Pass -11.40

H Ceriodaphnia dubia Reproduction 6-8 days 0.125 4.095 3.213 27.90 25.90 Pass Pass 7.17

H Ceriodaphnia dubia Reproduction 6-8 days 0.125 4.095 4.067 27.90 26.90 Pass Pass 3.58

H Ceriodaphnia dubia Reproduction 6-8 days 0.125 3.273 11.360 34.60 40.50 Pass Pass -17.05

H Ceriodaphnia dubia Reproduction 6-8 days 0.125 3.273 6.960 34.60 43.00 Pass Pass -24.28

H Ceriodaphnia dubia Reproduction 6-8 days 0.125 2.573 5.312 28.80 19.00 Pass Pass -0.69

I Ceriodaphnia dubia Reproduction 6-8 days 0.011 4.012 2.669 16.10 17.30 Pass Pass -0.07

I Ceriodaphnia dubia Reproduction 6-8 days 0.025 9.705 5.633 23.80 24.80 Pass Pass -4.20

I Ceriodaphnia dubia Reproduction 6-8 days 0.099 4.577 10.730 23.50 24.40 Pass Pass -3.83

I Ceriodaphnia dubia Reproduction 6-8 days 0.480 5.653 5.574 21.20 33.20 Pass Pass -56.60

I Ceriodaphnia dubia Reproduction 6-8 days 0.020 3.048 5.329 16.20 16.20 Pass Pass 0.00

I Ceriodaphnia dubia Reproduction 6-8 days 1.000 6.583 5.165 22.00 7.70 Fail Fail 65.00

I Ceriodaphnia dubia Reproduction 6-8 days 0.538 5.554 5.493 23.20 26.20 Pass Pass -12.93

J Ceriodaphnia dubia Reproduction 6-8 days 1.000 10.410 7.997 32.40 29.20 Fail Pass 9.88

J Ceriodaphnia dubia Reproduction 6-8 days 1.000 2.062 1.370 36.50 35.90 Pass Pass 1.64

J Ceriodaphnia dubia Reproduction 6-8 days 1.000 9.911 7.099 28.70 32.20 Pass Pass -12.20
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J Ceriodaphnia dubia Reproduction 6-8 days 1.000 10.230 5.953 30.80 29.10 Pass Pass 5.52

J Ceriodaphnia dubia Reproduction 6-8 days 1.000 5.719 2.627 32.60 33.30 Pass Pass -2.15

J Ceriodaphnia dubia Reproduction 6-8 days 1.000 5.437 4.855 35.00 37.30 Pass Pass -6.57

J Ceriodaphnia dubia Reproduction 6-8 days 1.000 4.917 2.263 28.80 29.30 Pass Pass -1.74

J Ceriodaphnia dubia Reproduction 6-8 days 1.000 9.508 3.164 36.80 34.70 Fail Pass 5.71

J Ceriodaphnia dubia Reproduction 6-8 days 1.000 6.027 2.627 39.90 36.70 Pass Pass 8.02

J Ceriodaphnia dubia Reproduction 6-8 days 1.000 10.380 10.740 29.80 30.50 Pass Pass -2.35

J Ceriodaphnia dubia Reproduction 6-8 days 1.000 5.016 10.700 33.40 26.44 Pass Fail 20.83

J Ceriodaphnia dubia Reproduction 6-8 days 1.000 7.834 5.827 28.60 28.20 Pass Pass 1.40

J Ceriodaphnia dubia Reproduction 6-8 days 1.000 3.706 4.686 30.20 26.20 Pass Pass 13.25

J Ceriodaphnia dubia Reproduction 6-8 days 1.000 4.012 5.446 29.90 31.10 Pass Pass -4.01

J Ceriodaphnia dubia Reproduction 6-8 days 1.000 2.627 4.473 36.30 37.30 Pass Pass -2.75

K Ceriodaphnia dubia Reproduction 6-8 days 1.000 3.466 4.643 31.30 34.00 Pass Pass -8.63

K Ceriodaphnia dubia Reproduction 6-8 days 1.000 3.658 3.302 42.40 40.30 Fail Pass 4.95

K Ceriodaphnia dubia Reproduction 6-8 days 1.000 9.180 2.797 24.60 31.40 Pass Pass -27.64

K Ceriodaphnia dubia Reproduction 6-8 days 1.000 4.725 4.448 36.90 39.70 Pass Pass -7.59

K Ceriodaphnia dubia Reproduction 6-8 days 1.000 3.401 1.549 21.70 23.80 Pass Pass -9.68

K Ceriodaphnia dubia Reproduction 6-8 days 1.000 11.840 8.647 30.70 31.10 Pass Pass -1.30

K Ceriodaphnia dubia Reproduction 6-8 days 1.000 0.427 2.565 36.60 32.00 Pass Pass 12.57

K Ceriodaphnia dubia Reproduction 6-8 days 1.000 7.692 13.450 31.50 33.33 Pass Pass -5.82

K Ceriodaphnia dubia Reproduction 6-8 days 1.000 1.955 7.975 22.60 21.40 Pass Pass 5.31

K Ceriodaphnia dubia Reproduction 6-8 days 1.000 10.490 9.034 26.90 26.50 Pass Pass 1.49

K Ceriodaphnia dubia Reproduction 6-8 days 1.000 5.563 11.450 31.50 27.60 Pass Pass 12.38

K Ceriodaphnia dubia Reproduction 6-8 days 1.000 1.283 0.597 36.30 37.70 Pass Pass -3.86

K Ceriodaphnia dubia Reproduction 6-8 days 1.000 3.713 4.248 20.70 24.60 Pass Pass -18.84

K Ceriodaphnia dubia Reproduction 6-8 days 1.000 15.030 10.990 29.30 34.50 Pass Pass -17.75

K Ceriodaphnia dubia Reproduction 6-8 days 1.000 4.836 10.150 35.50 28.60 Fail Fail 19.44

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 8.171 8.954 24.90 27.80 Pass Pass -11.65
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L Ceriodaphnia dubia Reproduction 6-8 days 1.000 2.160 12.310 23.00 15.90 Pass Fail 30.87

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 5.266 8.478 23.80 18.90 Pass Fail 20.59

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 3.348 14.470 19.10 13.20 Pass Fail 30.89

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 10.150 7.761 26.20 40.30 Pass Pass -53.82

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 8.564 3.688 20.70 19.60 Pass Pass 5.31

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 7.990 3.433 23.50 27.30 Pass Pass -16.17

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 6.941 4.077 23.20 25.20 Pass Pass -8.62

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 6.893 9.543 31.80 20.20 Fail Fail 36.48

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 2.915 4.473 22.50 23.30 Pass Pass -3.56

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 7.084 6.498 21.80 25.00 Pass Pass -14.68

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 2.915 5.122 22.50 11.30 Fail Fail 49.78

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 4.577 7.564 21.50 10.10 Fail Fail 53.02

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 6.106 4.377 26.80 28.60 Pass Pass -6.72

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 5.228 5.043 25.00 28.10 Pass Pass -12.40

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 8.028 4.175 23.00 25.90 Pass Pass -12.61

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 3.665 5.038 18.10 18.40 Pass Pass -1.66

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 1.814 9.348 29.20 24.60 Pass Pass 15.75

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 6.993 8.247 16.30 19.70 Pass Pass -20.86

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 4.577 4.001 21.50 8.30 Fail Fail 61.40

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 2.767 6.093 25.90 17.30 Fail Fail 33.20

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 4.968 6.529 31.70 12.20 Fail Fail 61.51

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 8.962 8.083 25.10 27.00 Pass Pass -7.57

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 8.711 8.488 20.10 9.60 Fail Fail 52.24

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 8.564 4.905 20.70 16.50 Pass Fail 20.29

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 4.859 12.640 25.50 18.80 Pass Fail 26.27

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 6.670 7.997 26.60 14.20 Fail Fail 46.62

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 5.808 4.007 29.80 31.50 Pass Pass -5.70

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 10.150 12.530 26.20 22.10 Pass Fail 15.65
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L Ceriodaphnia dubia Reproduction 6-8 days 1.000 2.759 11.800 28.50 32.50 Pass Pass -14.04

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 3.348 12.780 19.10 14.30 Pass Fail 25.13

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 6.957 4.872 28.20 27.20 Pass Pass 3.55

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 8.028 6.100 23.00 6.90 Fail Fail 70.00

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 2.807 4.725 28.90 31.90 Pass Pass -10.38

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 2.160 5.322 23.00 24.10 Pass Pass -4.78

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 4.346 3.098 25.00 28.40 Pass Pass -13.60

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 8.028 3.994 23.00 1.80 Fail Fail 92.17

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 8.540 5.425 18.60 6.00 Fail Fail 67.74

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 10.100 4.643 18.60 17.00 Pass Pass 8.60

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 2.767 7.212 25.90 16.70 Fail Fail 35.52

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 2.914 2.989 28.60 31.40 Pass Pass -9.79

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 6.757 5.514 31.10 32.20 Pass Pass -3.54

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 8.917 7.734 22.20 23.60 Pass Pass -6.31

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 9.534 6.332 26.00 13.90 Fail Fail 46.54

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 4.968 4.962 31.70 16.20 Fail Fail 48.90

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 6.957 8.270 28.20 16.80 Fail Fail 40.43

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 7.036 1.792 16.20 1.10 Fail Fail 93.21

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 2.710 4.158 27.70 17.80 Fail Fail 35.74

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 6.205 3.627 24.50 28.60 Pass Pass -16.73

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 6.977 9.429 23.70 25.30 Pass Pass -6.75

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 4.447 8.690 30.00 22.20 Fail Fail 26.00

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 8.967 5.259 22.20 19.90 Pass Pass 10.36

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 1.814 7.484 29.20 24.30 Fail Pass 16.78

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 6.697 3.814 26.20 30.10 Pass Pass -14.89

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 5.453 5.797 17.80 30.60 Pass Pass -71.91

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 1.814 4.028 29.20 8.00 Fail Fail 72.60

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 5.453 9.370 17.80 20.70 Pass Pass -16.29
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L Ceriodaphnia dubia Reproduction 6-8 days 1.000 2.710 5.270 27.70 16.03 Fail Fail 35.02

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 11.300 0.000 19.60 0.00 Fail Fail 100.00

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 2.915 7.930 22.50 20.00 Pass Pass 11.11

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 2.915 5.169 22.50 22.50 Pass Pass 0.00

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 5.985 9.043 24.40 15.00 Fail Fail 38.52

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 6.244 3.199 18.10 20.30 Pass Pass -12.15

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 2.915 5.061 22.50 11.50 Fail Fail 48.89

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 7.866 1.581 21.90 0.50 Fail Fail 97.72

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 8.564 10.600 20.70 17.30 Pass Fail 16.43

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 10.930 7.633 23.80 21.40 Pass Pass 10.08

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 7.084 4.546 21.80 29.00 Pass Pass -33.03

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 3.348 11.970 19.10 10.20 Fail Fail 46.60

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 4.859 9.914 25.50 21.50 Pass Fail 15.69

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 7.272 7.569 21.00 21.20 Pass Pass -0.95

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 8.711 6.233 20.10 20.80 Pass Pass -3.48

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 1.506 3.921 27.60 23.60 Fail Pass 14.49

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 10.100 4.062 18.60 28.50 Pass Pass -53.23

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 7.088 8.695 23.70 23.40 Pass Pass 1.27

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 7.084 4.296 21.80 24.30 Pass Pass -11.47

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 9.534 9.068 26.00 14.70 Fail Fail 43.46

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 4.719 7.651 22.40 30.90 Pass Pass -37.95

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 7.246 4.508 17.50 27.10 Pass Pass -54.86

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 2.915 3.843 22.50 20.10 Pass Pass 10.67

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 2.915 8.110 22.50 18.00 Pass Fail 20.00

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 8.198 5.685 20.90 28.90 Pass Pass -38.28

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 9.250 7.689 25.00 27.30 Pass Pass -9.20

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 3.496 3.748 27.00 30.60 Pass Pass -13.33

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 5.797 8.206 23.60 14.70 Fail Fail 37.71
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L Ceriodaphnia dubia Reproduction 6-8 days 1.000 6.485 2.961 25.50 19.90 Fail Fail 21.96

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 9.018 8.548 23.00 21.20 Pass Pass 7.83

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 8.897 7.056 24.40 16.30 Fail Fail 33.20

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 2.160 7.203 23.00 8.10 Fail Fail 64.78

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 1.814 6.446 29.20 14.00 Fail Fail 52.05

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 6.570 0.000 21.50 0.00 Fail Fail 100.00

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 11.630 5.249 17.00 26.00 Pass Pass -52.94

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 9.784 6.502 17.80 27.50 Pass Pass -54.49

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 6.570 0.000 21.50 0.00 Fail Fail 100.00

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 8.262 5.371 25.60 25.20 Pass Pass 1.56

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 7.866 8.698 21.90 5.90 Fail Fail 73.06

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 1.814 5.417 29.20 19.70 Fail Fail 32.53

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 1.814 5.854 29.20 17.60 Fail Fail 39.73

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 6.346 7.634 23.60 19.50 Pass Fail 17.37

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 8.932 11.360 23.00 28.30 Pass Pass -23.04

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 11.300 7.087 19.60 11.00 Fail Fail 43.88

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 3.098 3.695 23.60 26.10 Pass Pass -10.59

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 2.312 10.320 27.70 27.80 Pass Pass -0.36

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 4.095 8.042 23.10 25.00 Pass Pass -8.23

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 2.767 6.110 25.90 12.00 Fail Fail 53.67

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 5.011 3.464 23.00 31.00 Pass Pass -34.78

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 4.473 6.286 23.30 28.80 Pass Pass -23.61

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 2.710 3.596 27.70 19.60 Fail Fail 29.24

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 8.475 2.251 20.40 33.80 Pass Pass -65.69

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 4.165 7.024 34.70 30.00 Fail Pass 13.54

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 8.262 9.899 25.60 25.00 Pass Pass 2.34

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 10.080 3.026 26.70 27.40 Pass Pass -2.62

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 8.925 4.686 25.10 27.20 Pass Pass -8.37
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L Ceriodaphnia dubia Reproduction 6-8 days 1.000 5.466 9.496 21.90 21.20 Pass Pass 3.20

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 9.879 6.100 20.60 25.90 Pass Pass -25.73

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 4.581 3.048 26.10 26.80 Pass Pass -2.68

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 6.064 4.143 22.90 32.50 Pass Pass -41.92

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 3.573 3.536 24.10 28.50 Pass Pass -18.26

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 4.904 7.734 24.60 17.40 Fail Fail 29.27

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 4.971 5.322 26.40 28.90 Pass Pass -9.47

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 5.498 3.683 26.30 29.70 Pass Pass -12.93

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 7.857 5.877 24.20 23.10 Pass Pass 4.55

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 6.339 9.615 26.20 25.70 Pass Pass 1.91

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 5.502 2.224 25.60 27.50 Pass Pass -7.42

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 6.339 8.744 26.20 27.70 Pass Pass -5.73

L Ceriodaphnia dubia Reproduction 6-8 days 1.000 6.339 4.739 26.20 28.30 Pass Pass -8.02

H Ceriodaphnia dubia Reproduction 6-8 days 0.125 3.795 2.635 30.80 35.50 Pass Pass -15.26

H Ceriodaphnia dubia Reproduction 6-8 days 0.125 2.936 2.183 41.20 39.10 Pass Pass 5.10

H Ceriodaphnia dubia Reproduction 6-8 days 0.125 2.055 2.251 21.00 25.20 Pass Pass -20.00

H Ceriodaphnia dubia Reproduction 6-8 days 0.125 3.665 3.302 40.10 42.70 Pass Pass -6.48

H Ceriodaphnia dubia Reproduction 6-8 days 0.125 3.665 4.502 40.10 42.60 Pass Pass -6.23

H Ceriodaphnia dubia Reproduction 6-8 days 0.125 2.300 1.595 30.20 34.90 Pass Pass -15.56

H Ceriodaphnia dubia Reproduction 6-8 days 0.125 2.300 1.853 30.20 35.10 Pass Pass -16.23

H Ceriodaphnia dubia Reproduction 6-8 days 0.125 2.675 1.841 26.40 26.50 Pass Pass -0.38

H Ceriodaphnia dubia Reproduction 6-8 days 0.125 2.675 1.947 26.40 27.30 Pass Pass -3.41

H Ceriodaphnia dubia Reproduction 6-8 days 0.125 2.171 0.945 25.40 27.60 Pass Pass -8.66

H Ceriodaphnia dubia Reproduction 6-8 days 0.125 4.648 2.616 28.40 26.80 Pass Pass 5.63

H Ceriodaphnia dubia Reproduction 6-8 days 0.125 4.648 2.486 28.40 28.20 Pass Pass 0.70

H Ceriodaphnia dubia Reproduction 6-8 days 0.125 2.171 2.667 25.40 26.00 Pass Pass -2.36

I Pimephales promelas Survival 48-96 hours 0.110 0.000 0.050 1.00 0.98 Pass Pass 2.50

I Oncorhynchus mykiss Survival 48-96 hours 0.110 0.000 0.000 1.00 1.00 Pass Pass 0.00
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I Pimephales promelas Survival 48-96 hours 0.110 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Pimephales promelas Survival 48-96 hours 0.110 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Pimephales promelas Survival 48-96 hours 0.110 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Oncorhynchus mykiss Survival 48-96 hours 0.110 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Pimephales promelas Survival 48-96 hours 1.000 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Pimephales promelas Survival 48-96 hours 1.000 0.096 0.082 0.93 0.90 Pass Pass 2.70

I Pimephales promelas Survival 48-96 hours 1.000 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Pimephales promelas Survival 48-96 hours 1.000 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Pimephales promelas Survival 48-96 hours 1.000 0.050 0.050 0.98 0.98 Pass Pass 0.00

I Pimephales promelas Survival 48-96 hours 1.000 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Pimephales promelas Survival 48-96 hours 1.000 0.000 0.050 1.00 0.98 Pass Pass 2.50

I Pimephales promelas Survival 48-96 hours 1.000 0.050 0.058 0.98 0.95 Pass Pass 2.56

I Pimephales promelas Survival 48-96 hours 1.000 0.050 0.000 0.98 1.00 Pass Pass -2.56

I Pimephales promelas Survival 48-96 hours 1.000 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Pimephales promelas Survival 48-96 hours 1.000 0.050 0.050 0.98 0.98 Pass Pass 0.00

I Pimephales promelas Survival 48-96 hours 1.000 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Pimephales promelas Survival 48-96 hours 1.000 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Pimephales promelas Survival 48-96 hours 1.000 0.100 0.100 0.95 0.95 Pass Pass 0.00

I Pimephales promelas Survival 48-96 hours 1.000 0.050 0.116 0.98 0.90 Pass Pass 7.69

I Pimephales promelas Survival 48-96 hours 1.000 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Pimephales promelas Survival 48-96 hours 1.000 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Pimephales promelas Survival 48-96 hours 1.000 0.050 0.050 0.98 0.98 Pass Pass 0.00

I Pimephales promelas Survival 48-96 hours 1.000 0.000 0.100 1.00 0.95 Pass Pass 5.00

I Pimephales promelas Survival 48-96 hours 1.000 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Pimephales promelas Survival 48-96 hours 1.000 0.050 0.000 0.98 1.00 Pass Pass -2.56

I Pimephales promelas Survival 48-96 hours 1.000 0.050 0.096 0.93 0.93 Pass Pass 0.00

I Pimephales promelas Survival 48-96 hours 1.000 0.050 0.050 0.98 0.98 Pass Pass 0.00

I Pimephales promelas Survival 48-96 hours 1.000 0.000 0.000 1.00 1.00 Pass Pass 0.00
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I Pimephales promelas Survival 48-96 hours 1.000 0.050 0.050 0.98 0.98 Pass Pass 0.00

I Pimephales promelas Survival 48-96 hours 1.000 0.000 0.050 1.00 0.98 Pass Pass 2.50

I Pimephales promelas Survival 48-96 hours 1.000 0.000 0.082 1.00 0.90 Pass Pass 10.00

I Pimephales promelas Survival 48-96 hours 1.000 0.050 0.096 0.98 0.93 Pass Pass 5.13

I Pimephales promelas Survival 48-96 hours 0.020 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Pimephales promelas Survival 48-96 hours 0.020 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Menidia beryllina Survival 48-96 hours 1.000 0.050 0.000 0.98 1.00 Pass Pass -2.56

I Menidia beryllina Survival 48-96 hours 1.000 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Pimephales promelas Survival 48-96 hours 0.053 0.100 0.050 0.95 0.98 Pass Pass -2.63

I Pimephales promelas Survival 48-96 hours 0.063 0.100 0.141 0.95 0.90 Pass Pass 5.26

I Pimephales promelas Survival 48-96 hours 0.040 0.050 0.000 0.98 1.00 Pass Pass -2.56

I Pimephales promelas Survival 48-96 hours 0.026 0.000 0.058 1.00 0.95 Pass Pass 5.00

I Pimephales promelas Survival 48-96 hours 0.156 0.050 0.000 0.98 1.00 Pass Pass -2.56

I Pimephales promelas Survival 48-96 hours 0.042 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Pimephales promelas Survival 48-96 hours 0.900 0.058 0.050 0.95 0.98 Pass Pass -2.63

I Pimephales promelas Survival 48-96 hours 0.256 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Pimephales promelas Survival 48-96 hours 0.021 0.100 0.058 0.95 0.95 Pass Pass 0.00

I Pimephales promelas Survival 48-96 hours 1.000 0.000 0.050 1.00 0.98 Pass Pass 2.50

I Pimephales promelas Survival 48-96 hours 1.000 0.050 0.050 0.98 0.98 Pass Pass 0.00

I Pimephales promelas Survival 48-96 hours 0.063 0.100 0.050 0.95 0.98 Pass Pass -2.63

I Pimephales promelas Survival 48-96 hours 0.020 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Oncorhynchus mykiss Survival 48-96 hours 0.111 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Pimephales promelas Survival 48-96 hours 0.111 0.100 0.082 0.95 0.90 Pass Pass 5.26

I Pimephales promelas Survival 48-96 hours 0.022 0.050 0.000 0.98 1.00 Pass Pass -2.56

I Pimephales promelas Survival 48-96 hours 0.010 0.058 0.050 0.95 0.98 Pass Pass -2.63

D Atherinops affinis Survival 48-96 hours 0.010 0.058 0.000 0.95 1.00 Pass Pass -5.26

D Atherinops affinis Survival 48-96 hours 0.010 0.000 0.000 1.00 1.00 Pass Pass 0.00

D Atherinops affinis Survival 48-96 hours 0.010 0.050 0.000 0.98 1.00 Pass Pass -2.56
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D Atherinops affinis Survival 48-96 hours 0.010 0.141 0.050 0.90 0.98 Pass Pass -8.33

D Atherinops affinis Survival 48-96 hours 0.010 0.000 0.050 1.00 0.98 Pass Pass 2.50

D Atherinops affinis Survival 48-96 hours 0.010 0.058 0.000 0.95 1.00 Pass Pass -5.26

D Atherinops affinis Survival 48-96 hours 0.010 0.000 0.000 1.00 1.00 Pass Pass 0.00

D Atherinops affinis Survival 48-96 hours 0.010 0.050 0.000 0.98 1.00 Pass Pass -2.56

D Atherinops affinis Survival 48-96 hours 0.010 0.000 0.058 1.00 0.95 Pass Pass 5.00

D Atherinops affinis Survival 48-96 hours 0.010 0.050 0.000 0.98 1.00 Pass Pass -2.56

D Atherinops affinis Survival 48-96 hours 0.010 0.000 0.050 1.00 0.98 Pass Pass 2.50

D Atherinops affinis Survival 48-96 hours 0.010 0.050 0.000 0.98 1.00 Pass Pass -2.56

D Atherinops affinis Survival 48-96 hours 0.010 0.050 0.050 0.98 0.98 Pass Pass 0.00

D Atherinops affinis Survival 48-96 hours 0.010 0.000 0.000 1.00 1.00 Pass Pass 0.00

D Atherinops affinis Survival 48-96 hours 0.010 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Pimephales promelas Survival 48-96 hours 0.010 0.050 0.000 0.98 1.00 Pass Pass -2.56

I Pimephales promelas Survival 48-96 hours 0.021 0.050 0.000 0.98 1.00 Pass Pass -2.56

I Pimephales promelas Survival 48-96 hours 0.042 0.000 0.050 1.00 0.98 Pass Pass 2.50

I Pimephales promelas Survival 48-96 hours 0.156 0.050 0.058 0.98 0.95 Pass Pass 2.56

I Pimephales promelas Survival 48-96 hours 0.040 0.096 0.058 0.93 0.95 Pass Pass -2.70

I Pimephales promelas Survival 48-96 hours 0.109 0.000 0.100 1.00 0.95 Pass Pass 5.00

I Pimephales promelas Survival 48-96 hours 0.063 0.050 0.000 0.98 1.00 Pass Pass -2.56

I Pimephales promelas Survival 48-96 hours 0.111 0.050 0.050 0.98 0.98 Pass Pass 0.00

I Pimephales promelas Survival 48-96 hours 0.192 0.050 0.000 0.98 1.00 Pass Pass -2.56

I Pimephales promelas Survival 48-96 hours 0.026 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Pimephales promelas Survival 48-96 hours 0.156 0.050 0.050 0.98 0.98 Pass Pass 0.00

I Pimephales promelas Survival 48-96 hours 0.156 0.050 0.058 0.98 0.95 Pass Pass 2.56

I Pimephales promelas Survival 48-96 hours 0.244 0.000 0.096 1.00 0.93 Pass Pass 7.50

I Pimephales promelas Survival 48-96 hours 0.050 0.050 0.000 0.98 1.00 Pass Pass -2.56

I Pimephales promelas Survival 48-96 hours 0.109 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Pimephales promelas Survival 48-96 hours 0.040 0.050 0.058 0.98 0.95 Pass Pass 2.56
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I Pimephales promelas Survival 48-96 hours 0.056 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Pimephales promelas Survival 48-96 hours 0.052 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Pimephales promelas Survival 48-96 hours 1.000 0.000 0.050 1.00 0.98 Pass Pass 2.50

I Pimephales promelas Survival 48-96 hours 0.021 0.000 0.141 1.00 0.90 Pass Fail 10.00

I Pimephales promelas Survival 48-96 hours 0.021 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Pimephales promelas Survival 48-96 hours 0.066 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Pimephales promelas Survival 48-96 hours 0.092 0.082 0.050 0.90 0.98 Pass Pass -8.33

I Pimephales promelas Survival 48-96 hours 0.990 0.000 0.050 1.00 0.98 Pass Pass 2.50

I Pimephales promelas Survival 48-96 hours 0.125 0.050 0.058 0.98 0.95 Pass Pass 2.56

I Pimephales promelas Survival 48-96 hours 0.230 0.000 0.050 1.00 0.98 Pass Pass 2.50

I Pimephales promelas Survival 48-96 hours 0.125 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Pimephales promelas Survival 48-96 hours 0.057 0.050 0.050 0.98 0.98 Pass Pass 0.00

I Pimephales promelas Survival 48-96 hours 0.057 0.000 0.000 1.00 1.00 Pass Pass 0.00

C Selenastrum capricornutum Growth 96 hours 1.000 42600.000 44500.000 1070000.00 1450000.00 Pass Pass -35.45

C Selenastrum capricornutum Growth 96 hours 1.000 17200.000 38100.000 1220000.00 728000.00 Fail Fail 40.14

C Selenastrum capricornutum Growth 96 hours 1.000 48300.000 52200.000 1220000.00 799000.00 Fail Fail 34.92

C Selenastrum capricornutum Growth 96 hours 1.000 18700.000 23900.000 1760000.00 981000.00 Fail Fail 44.29

C Selenastrum capricornutum Growth 96 hours 1.000 39500.000 17700.000 1190000.00 439000.00 Fail Fail 63.14

C Selenastrum capricornutum Growth 96 hours 1.000 30700.000 26000.000 1440000.00 422000.00 Fail Fail 70.76

C Selenastrum capricornutum Growth 96 hours 1.000 30100.000 33900.000 1030000.00 110000.00 Fail Fail 89.37

C Selenastrum capricornutum Growth 96 hours 1.000 40100.000 30800.000 1090000.00 589000.00 Fail Fail 45.84

C Selenastrum capricornutum Growth 96 hours 1.000 42600.000 28700.000 1470000.00 562000.00 Fail Fail 61.76

C Selenastrum capricornutum Growth 96 hours 1.000 36000.000 53000.000 1460000.00 662000.00 Fail Fail 54.75

C Selenastrum capricornutum Growth 96 hours 1.000 41300.000 35700.000 1060000.00 587000.00 Fail Fail 44.64

C Selenastrum capricornutum Growth 96 hours 1.000 19300.000 5290.000 1110000.00 146000.00 Fail Fail 86.89

C Selenastrum capricornutum Growth 96 hours 1.000 26700.000 45400.000 1250000.00 616000.00 Fail Fail 50.78

C Selenastrum capricornutum Growth 96 hours 1.000 17500.000 33900.000 1090000.00 814000.00 Fail Fail 25.65

C Selenastrum capricornutum Growth 96 hours 1.000 21900.000 21800.000 1430000.00 588000.00 Fail Fail 59.01
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C Selenastrum capricornutum Growth 96 hours 1.000 41500.000 50500.000 1360000.00 796000.00 Fail Fail 41.36

C Selenastrum capricornutum Growth 96 hours 1.000 53100.000 49000.000 1420000.00 787000.00 Fail Fail 44.53

C Selenastrum capricornutum Growth 96 hours 1.000 102000.000 20200.000 1360000.00 413000.00 Fail Fail 69.59

C Selenastrum capricornutum Growth 96 hours 1.000 28100.000 76300.000 1050000.00 1350000.00 Pass Pass -28.26

C Selenastrum capricornutum Growth 96 hours 1.000 86500.000 173000.000 1420000.00 2200000.00 Pass Pass -54.88

C Selenastrum capricornutum Growth 96 hours 1.000 68300.000 54800.000 1240000.00 1250000.00 Pass Pass -0.71

C Selenastrum capricornutum Growth 96 hours 1.000 31400.000 24500.000 1370000.00 1190000.00 Fail Pass 12.68

C Selenastrum capricornutum Growth 96 hours 1.000 54300.000 37400.000 1120000.00 1110000.00 Pass Pass 0.82

C Selenastrum capricornutum Growth 96 hours 1.000 77900.000 51200.000 1150000.00 785000.00 Fail Fail 31.53

C Selenastrum capricornutum Growth 96 hours 1.000 80900.000 55100.000 1610000.00 1860000.00 Pass Pass -15.41

C Selenastrum capricornutum Growth 96 hours 1.000 26500.000 43100.000 1170000.00 699000.00 Fail Fail 40.03

C Selenastrum capricornutum Growth 96 hours 1.000 82200.000 40800.000 1120000.00 603000.00 Fail Fail 46.02

C Selenastrum capricornutum Growth 96 hours 1.000 5620.000 20500.000 1020000.00 599000.00 Fail Fail 41.19

C Selenastrum capricornutum Growth 96 hours 1.000 63500.000 35200.000 1300000.00 594000.00 Fail Fail 54.49

C Selenastrum capricornutum Growth 96 hours 1.000 52300.000 20500.000 1270000.00 391000.00 Fail Fail 69.32

H Selenastrum capricornutum Growth 96 hours 0.125 963200.000 2800000.000 17130000.00 13120000.00 Pass Fail 23.39

H Selenastrum capricornutum Growth 96 hours 0.125 1737000.000 2879000.000 17510000.00 18810000.00 Pass Pass -7.37

H Selenastrum capricornutum Growth 96 hours 0.125 1737000.000 1546000.000 17510000.00 19490000.00 Pass Pass -11.29

H Selenastrum capricornutum Growth 96 hours 0.125 1848000.000 1255000.000 21040000.00 21220000.00 Pass Pass -0.84

H Selenastrum capricornutum Growth 96 hours 0.125 2307000.000 2776000.000 19510000.00 24040000.00 Pass Pass -23.22

H Selenastrum capricornutum Growth 96 hours 0.125 1800000.000 1027000.000 11520000.00 12790000.00 Pass Pass -11.01

H Selenastrum capricornutum Growth 96 hours 0.125 3303000.000 676000.000 19140000.00 20020000.00 Pass Pass -4.59

H Selenastrum capricornutum Growth 96 hours 0.125 3303000.000 2903000.000 19140000.00 16590000.00 Pass Pass 13.34

H Selenastrum capricornutum Growth 96 hours 0.125 975500.000 2216000.000 24690000.00 30180000.00 Pass Pass -22.23

H Selenastrum capricornutum Growth 96 hours 0.125 3055000.000 2539000.000 32590000.00 35040000.00 Pass Pass -7.52

H Selenastrum capricornutum Growth 96 hours 0.125 2228000.000 4244000.000 25230000.00 30130000.00 Pass Pass -19.45

H Selenastrum capricornutum Growth 96 hours 0.125 1844000.000 2180000.000 20980000.00 25250000.00 Pass Pass -20.35

H Selenastrum capricornutum Growth 96 hours 0.125 108400.000 59770.000 3136000.00 4872000.00 Pass Pass -55.34
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H Selenastrum capricornutum Growth 96 hours 0.125 34080.000 386200.000 1807000.00 6819000.00 Pass Pass -277.38

H Pimephales promelas Survival 7 days 0.125 0.050 0.000 0.98 1.00 Pass Pass -2.56

H Pimephales promelas Survival 7 days 0.125 0.050 0.050 0.93 0.98 Pass Pass -5.41

H Pimephales promelas Survival 7 days 0.125 0.050 0.050 0.98 0.95 Pass Pass 2.56

H Pimephales promelas Survival 7 days 0.125 0.000 0.050 1.00 0.98 Pass Pass 2.50

H Pimephales promelas Survival 7 days 0.125 0.050 0.000 0.98 1.00 Pass Pass -2.56

H Pimephales promelas Survival 7 days 0.125 0.000 0.000 1.00 1.00 Pass Pass 0.00

H Pimephales promelas Survival 7 days 0.125 0.000 0.000 1.00 1.00 Pass Pass 0.00

H Pimephales promelas Survival 7 days 0.125 0.100 0.000 0.95 1.00 Pass Pass -5.26

H Pimephales promelas Survival 7 days 0.125 0.000 0.050 1.00 0.98 Pass Pass 2.50

H Pimephales promelas Survival 7 days 0.125 0.000 0.050 1.00 0.98 Pass Pass 2.50

H Pimephales promelas Survival 7 days 0.125 0.100 0.150 0.95 0.88 Pass Pass 7.89

H Pimephales promelas Survival 7 days 0.125 0.000 0.000 1.00 1.00 Pass Pass 0.00

H Pimephales promelas Survival 7 days 0.125 0.050 0.000 0.98 1.00 Pass Pass -2.56

I Pimephales promelas Survival 7 days 0.011 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Pimephales promelas Survival 7 days 0.017 0.100 0.050 0.95 0.98 Pass Pass -2.63

I Pimephales promelas Survival 7 days 0.480 0.000 0.058 1.00 0.95 Pass Pass 5.00

I Pimephales promelas Survival 7 days 0.020 0.100 0.050 0.95 0.98 Pass Pass -2.63

I Pimephales promelas Survival 7 days 1.000 0.058 0.100 0.95 0.95 Pass Pass 0.00

I Pimephales promelas Survival 7 days 0.028 0.000 0.089 1.00 0.96 Pass Pass 4.00

I Pimephales promelas Survival 7 days 0.250 0.050 0.050 0.98 0.98 Pass Pass 0.00

I Pimephales promelas Survival 7 days 0.250 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Pimephales promelas Survival 7 days 0.250 0.082 0.058 0.90 0.95 Pass Pass -5.56

I Pimephales promelas Survival 7 days 0.250 0.050 0.050 0.98 0.98 Pass Pass 0.00

I Pimephales promelas Survival 7 days 0.250 0.050 0.000 0.98 1.00 Pass Pass -2.56

I Pimephales promelas Survival 7 days 0.250 0.050 0.000 0.98 1.00 Pass Pass -2.56

I Pimephales promelas Survival 7 days 0.250 0.082 0.050 0.90 0.98 Pass Pass -8.33

I Pimephales promelas Survival 7 days 0.024 0.096 0.000 0.93 1.00 Pass Pass -8.11
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I Pimephales promelas Survival 7 days 0.024 0.050 0.050 0.98 0.98 Pass Pass 0.00

I Pimephales promelas Survival 7 days 0.100 0.000 0.100 1.00 0.95 Pass Pass 5.00

I Pimephales promelas Survival 7 days 0.016 0.050 0.096 0.98 0.93 Pass Pass 5.13

I Pimephales promelas Survival 7 days 0.016 0.050 0.050 0.98 0.98 Pass Pass 0.00

I Pimephales promelas Survival 7 days 0.016 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Pimephales promelas Survival 7 days 0.016 0.050 0.100 0.98 0.95 Pass Pass 2.56

I Pimephales promelas Survival 7 days 0.880 0.000 0.050 1.00 0.98 Pass Pass 2.50

I Pimephales promelas Survival 7 days 1.000 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Pimephales promelas Survival 7 days 0.064 0.058 0.000 0.95 1.00 Pass Pass -5.26

I Pimephales promelas Survival 7 days 0.024 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Pimephales promelas Survival 7 days 0.024 0.082 0.206 0.90 0.68 Pass Fail 25.00

I Pimephales promelas Survival 7 days 0.024 0.058 0.050 0.95 0.98 Pass Pass -2.63

I Pimephales promelas Survival 7 days 0.880 0.050 0.000 0.98 1.00 Pass Pass -2.56

I Pimephales promelas Survival 7 days 0.015 0.158 0.000 0.95 1.00 Pass Pass -5.26

I Pimephales promelas Survival 7 days 0.015 0.158 0.158 0.95 0.95 Pass Pass 0.00

I Pimephales promelas Survival 7 days 0.015 0.050 0.065 0.98 0.75 Fail Fail 23.08

I Pimephales promelas Survival 7 days 0.025 0.200 0.300 0.90 0.85 Pass Pass 5.56

I Pimephales promelas Survival 7 days 0.025 0.050 0.050 0.98 0.98 Pass Pass 0.00

I Pimephales promelas Survival 7 days 0.025 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Pimephales promelas Survival 7 days 0.042 0.000 0.050 1.00 0.98 Pass Pass 2.50

I Pimephales promelas Survival 7 days 0.030 0.141 0.082 0.90 0.80 Pass Pass 11.11

I Pimephales promelas Survival 7 days 0.030 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Pimephales promelas Survival 7 days 0.025 0.000 0.050 1.00 0.88 Pass Pass 12.50

I Pimephales promelas Survival 7 days 0.025 0.000 0.050 1.00 0.98 Pass Pass 2.50

I Pimephales promelas Survival 7 days 0.026 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Pimephales promelas Survival 7 days 0.087 0.050 0.141 0.98 0.90 Pass Pass 7.69

I Pimephales promelas Survival 7 days 0.087 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Pimephales promelas Survival 7 days 0.005 0.000 0.050 1.00 0.98 Pass Pass 2.50
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I Pimephales promelas Survival 7 days 0.005 0.100 0.171 0.85 0.83 Pass Pass 2.94

J Pimephales promelas Survival 7 days 1.000 0.050 0.000 0.98 1.00 Pass Pass -2.56

J Pimephales promelas Survival 7 days 1.000 0.000 0.050 1.00 0.98 Pass Pass 2.50

J Pimephales promelas Survival 7 days 1.000 0.050 0.000 0.98 1.00 Pass Pass -2.56

J Pimephales promelas Survival 7 days 1.000 0.000 0.000 1.00 1.00 Pass Pass 0.00

J Pimephales promelas Survival 7 days 1.000 0.000 0.000 1.00 1.00 Pass Pass 0.00

J Pimephales promelas Survival 7 days 1.000 0.000 0.050 1.00 0.98 Pass Pass 2.50

J Pimephales promelas Survival 7 days 1.000 0.050 0.096 0.03 0.05 Pass Pass 0.00

J Pimephales promelas Survival 7 days 1.000 0.000 0.000 1.00 1.00 Pass Pass 0.00

J Pimephales promelas Survival 7 days 1.000 0.050 0.050 0.98 0.98 Pass Pass 0.00

J Pimephales promelas Survival 7 days 1.000 0.058 0.058 0.95 0.95 Pass Pass 0.00

J Pimephales promelas Survival 7 days 1.000 0.050 0.050 0.98 0.98 Pass Pass 0.00

J Pimephales promelas Survival 7 days 1.000 0.000 0.050 1.00 0.98 Pass Pass 2.50

J Pimephales promelas Survival 7 days 1.000 0.058 0.050 0.95 0.98 Pass Pass -2.63

J Pimephales promelas Survival 7 days 1.000 0.000 0.000 1.00 1.00 Pass Pass 0.00

J Pimephales promelas Survival 7 days 1.000 0.000 0.050 1.00 0.98 Pass Pass 2.50

J Pimephales promelas Survival 7 days 1.000 0.000 0.000 1.00 1.00 Pass Pass 0.00

J Pimephales promelas Survival 7 days 1.000 0.050 0.050 0.98 0.98 Pass Pass 0.00

J Pimephales promelas Survival 7 days 1.000 0.000 0.000 1.00 1.00 Pass Pass 0.00

J Pimephales promelas Survival 7 days 1.000 0.000 0.000 1.00 1.00 Pass Pass 0.00

J Pimephales promelas Survival 7 days 1.000 0.050 0.000 0.98 1.00 Pass Pass -2.56

J Pimephales promelas Survival 7 days 1.000 0.050 0.000 0.98 1.00 Pass Pass -2.56

J Pimephales promelas Survival 7 days 1.000 0.000 0.000 1.00 1.00 Pass Pass 0.00

J Pimephales promelas Survival 7 days 1.000 0.000 0.050 1.00 0.98 Pass Pass 2.50

J Pimephales promelas Survival 7 days 1.000 0.050 0.050 0.98 0.98 Pass Pass 0.00

J Pimephales promelas Survival 7 days 1.000 0.000 0.000 1.00 1.00 Pass Pass 0.00

J Pimephales promelas Survival 7 days 1.000 0.050 0.000 0.98 1.00 Pass Pass -2.56

J Pimephales promelas Survival 7 days 1.000 0.000 0.050 1.00 0.98 Pass Pass 2.50



TST Test Drive 12/13/2011

61

Source
ID

Test Species Test Type Length IWC Control SD IWC SD
Control

Response
IWC Response

NOEC
Pass

or
Fail

TST
Pass

or
Fail

Mean
%

Effect
at IWC

H Pimephales promelas Biomass 7 days 0.125 0.074 0.095 1.03 1.16 Pass Pass -12.86

H Pimephales promelas Biomass 7 days 0.125 0.092 0.045 0.88 0.95 Pass Pass -8.70

H Pimephales promelas Biomass 7 days 0.125 0.018 0.052 0.92 0.91 Pass Pass 1.58

H Pimephales promelas Biomass 7 days 0.125 0.081 0.150 1.43 1.45 Pass Pass -1.30

H Pimephales promelas Biomass 7 days 0.125 0.143 0.110 0.92 0.99 Pass Pass -7.89

H Pimephales promelas Biomass 7 days 0.125 0.057 0.051 0.86 0.85 Pass Pass 1.22

H Pimephales promelas Biomass 7 days 0.125 0.044 0.113 1.18 1.16 Pass Pass 1.53

H Pimephales promelas Biomass 7 days 0.125 0.135 0.059 0.84 0.81 Pass Pass 2.98

H Pimephales promelas Biomass 7 days 0.125 0.035 0.051 1.03 0.96 Pass Pass 7.02

H Pimephales promelas Biomass 7 days 0.125 0.077 0.034 0.88 0.94 Pass Pass -0.07

H Pimephales promelas Biomass 7 days 0.125 0.074 0.075 1.11 1.15 Pass Pass -4.06

H Pimephales promelas Biomass 7 days 0.125 0.076 0.062 1.10 1.06 Pass Pass 3.19

H Pimephales promelas Biomass 7 days 0.125 0.079 0.099 0.88 0.85 Pass Pass 3.57

I Pimephales promelas Biomass 7 days 0.011 0.044 0.041 0.55 0.51 Pass Pass 7.15

I Pimephales promelas Biomass 7 days 0.017 0.040 0.121 0.52 0.62 Pass Pass -20.33

I Pimephales promelas Biomass 7 days 0.480 0.086 0.034 0.51 0.53 Pass Pass -5.89

I Pimephales promelas Biomass 7 days 0.020 0.019 0.041 0.63 0.61 Pass Pass 3.66

I Pimephales promelas Biomass 7 days 1.000 0.052 0.054 0.47 0.49 Pass Pass -2.43

I Pimephales promelas Biomass 7 days 0.028 0.179 0.160 2.16 2.07 Pass Pass 17.54

I Pimephales promelas Biomass 7 days 0.250 0.110 0.100 0.56 0.73 Pass Pass -30.02

I Pimephales promelas Biomass 7 days 0.250 0.034 0.052 0.74 0.78 Pass Pass -6.39

I Pimephales promelas Biomass 7 days 0.250 0.026 0.039 0.50 0.54 Pass Pass -14.01

I Pimephales promelas Biomass 7 days 0.250 0.107 0.047 0.45 0.41 Pass Pass 9.06

I Pimephales promelas Biomass 7 days 0.250 0.022 0.036 0.36 0.38 Pass Pass -5.25

I Pimephales promelas Biomass 7 days 0.250 0.028 0.067 0.69 0.75 Pass Pass -8.76

I Pimephales promelas Biomass 7 days 0.250 0.078 0.072 0.72 0.83 Pass Pass -15.25

I Pimephales promelas Biomass 7 days 0.024 0.023 0.028 0.58 0.58 Pass Pass -0.73

I Pimephales promelas Biomass 7 days 0.024 0.115 0.104 0.72 0.73 Pass Pass -1.60
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I Pimephales promelas Biomass 7 days 0.100 0.052 0.052 0.50 0.45 Pass Pass 11.69

I Pimephales promelas Biomass 7 days 0.016 0.079 0.080 1.02 0.91 Pass Pass 11.26

I Pimephales promelas Biomass 7 days 0.016 0.057 0.045 0.54 0.55 Pass Pass -1.75

I Pimephales promelas Biomass 7 days 0.016 0.061 0.044 0.89 0.88 Pass Pass 0.90

I Pimephales promelas Biomass 7 days 0.016 0.082 0.047 0.73 0.73 Pass Pass -1.07

I Pimephales promelas Biomass 7 days 0.880 0.015 0.023 0.49 0.52 Pass Pass -6.36

I Pimephales promelas Biomass 7 days 1.000 0.050 0.030 0.45 0.44 Pass Pass 1.34

I Pimephales promelas Biomass 7 days 0.064 0.040 0.050 0.53 0.51 Pass Pass 3.60

I Pimephales promelas Biomass 7 days 0.024 0.034 0.027 0.44 0.38 Pass Pass 13.68

I Pimephales promelas Biomass 7 days 0.024 0.035 0.055 0.28 0.23 Pass Fail 17.40

I Pimephales promelas Biomass 7 days 0.024 0.030 0.026 0.55 0.49 Pass Pass 11.29

I Pimephales promelas Biomass 7 days 0.880 0.027 0.029 0.56 0.55 Pass Pass 2.18

I Pimephales promelas Biomass 7 days 0.015 0.194 0.165 1.07 1.10 Pass Pass -3.10

I Pimephales promelas Biomass 7 days 0.015 0.124 0.077 0.56 0.51 Pass Pass 7.73

I Pimephales promelas Biomass 7 days 0.015 0.046 0.089 0.58 0.51 Pass Pass 11.75

I Pimephales promelas Biomass 7 days 0.025 0.134 0.130 0.55 0.47 Pass Fail 14.79

I Pimephales promelas Biomass 7 days 0.025 0.116 0.064 0.63 0.64 Pass Pass -1.10

I Pimephales promelas Biomass 7 days 0.025 0.033 0.015 0.45 0.38 Pass Pass 16.38

I Pimephales promelas Biomass 7 days 0.042 0.110 0.053 0.75 0.63 Pass Pass 16.12

I Pimephales promelas Biomass 7 days 0.030 0.035 0.036 0.52 0.50 Pass Pass 3.70

I Pimephales promelas Biomass 7 days 0.030 0.062 0.030 0.56 0.56 Pass Pass -0.63

I Pimephales promelas Biomass 7 days 0.025 0.040 0.074 0.63 0.57 Pass Pass 9.08

I Pimephales promelas Biomass 7 days 0.025 0.043 0.019 0.67 0.65 Pass Pass 2.72

I Pimephales promelas Biomass 7 days 0.026 0.052 0.048 0.56 0.56 Pass Pass 0.75

I Pimephales promelas Biomass 7 days 0.087 0.017 0.079 0.52 0.47 Pass Pass 9.79

I Pimephales promelas Biomass 7 days 0.087 0.012 0.008 0.38 0.37 Pass Pass 1.40

I Pimephales promelas Biomass 7 days 0.005 0.158 0.035 0.64 0.58 Pass Pass 9.87

I Pimephales promelas Biomass 7 days 0.005 0.053 0.053 0.31 0.25 Pass Fail 18.83
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J Pimephales promelas Biomass 7 days 1.000 0.061 0.025 0.66 0.71 Pass Pass -7.52

J Pimephales promelas Biomass 7 days 1.000 0.067 0.047 0.65 0.59 Pass Pass 10.22

J Pimephales promelas Biomass 7 days 1.000 0.061 0.027 0.66 0.68 Pass Pass -2.71

J Pimephales promelas Biomass 7 days 1.000 0.011 0.025 0.63 0.66 Pass Pass -5.31

J Pimephales promelas Biomass 7 days 1.000 0.097 0.039 0.61 0.57 Pass Pass 6.17

J Pimephales promelas Biomass 7 days 1.000 0.080 0.074 0.68 0.64 Pass Pass 5.33

J Pimephales promelas Biomass 7 days 1.000 0.063 0.096 0.69 0.67 Pass Pass 2.67

J Pimephales promelas Biomass 7 days 1.000 0.011 0.045 0.68 0.66 Pass Pass 6.83

J Pimephales promelas Biomass 7 days 1.000 0.044 0.051 0.50 0.52 Pass Pass -5.05

J Pimephales promelas Biomass 7 days 1.000 0.036 0.049 0.55 0.49 Pass Pass 9.27

J Pimephales promelas Biomass 7 days 1.000 0.052 0.087 0.58 0.53 Pass Pass 8.01

J Pimephales promelas Biomass 7 days 1.000 0.046 0.030 0.49 0.52 Pass Pass -5.91

J Pimephales promelas Biomass 7 days 1.000 0.071 0.037 0.48 0.57 Pass Pass -19.10

J Pimephales promelas Biomass 7 days 1.000 0.083 0.066 0.54 0.51 Pass Pass 5.52

J Pimephales promelas Biomass 7 days 1.000 0.065 0.050 0.55 0.53 Pass Pass 4.13

J Pimephales promelas Biomass 7 days 1.000 0.050 0.042 0.49 0.56 Pass Pass -13.38

J Pimephales promelas Biomass 7 days 1.000 0.063 0.051 0.48 0.46 Pass Pass 2.52

J Pimephales promelas Biomass 7 days 1.000 0.071 0.071 0.86 0.77 Pass Pass 9.96

J Pimephales promelas Biomass 7 days 1.000 0.055 0.046 0.78 0.76 Pass Pass 3.57

J Pimephales promelas Biomass 7 days 1.000 0.091 0.109 0.90 0.87 Pass Pass 3.21

J Pimephales promelas Biomass 7 days 1.000 0.055 0.071 0.74 0.81 Pass Pass -9.20

J Pimephales promelas Biomass 7 days 1.000 0.060 0.022 0.59 0.57 Pass Pass 2.81

J Pimephales promelas Biomass 7 days 1.000 0.019 0.026 0.64 0.69 Pass Pass -7.55

J Pimephales promelas Biomass 7 days 1.000 0.028 0.064 0.72 0.75 Pass Pass -3.68

J Pimephales promelas Biomass 7 days 1.000 0.060 0.060 0.63 0.61 Pass Pass 3.40

J Pimephales promelas Biomass 7 days 1.000 0.031 0.065 0.62 0.61 Pass Pass 1.29

J Pimephales promelas Biomass 7 days 1.000 0.039 0.060 0.70 0.74 Pass Pass -6.27

M Strongylocentrotus purpuratus Fertilization 40 minutes 0.014 0.019 0.017 0.98 0.93 Pass Pass 4.36
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M Strongylocentrotus purpuratus Fertilization 40 minutes 0.014 0.010 0.202 0.99 0.49 Fail Fail 50.88

M Strongylocentrotus purpuratus Fertilization 40 minutes 0.014 0.063 0.048 0.96 0.96 Pass Pass 0.42

M Strongylocentrotus purpuratus Fertilization 40 minutes 0.014 0.021 0.043 0.92 0.96 Pass Pass -4.90

M Strongylocentrotus purpuratus Fertilization 40 minutes 0.014 0.010 0.005 0.99 1.00 Pass Pass -0.50

M Strongylocentrotus purpuratus Fertilization 40 minutes 0.014 0.047 0.010 0.96 0.99 Pass Pass -2.60

M Strongylocentrotus purpuratus Fertilization 40 minutes 0.014 0.030 0.057 0.93 0.37 Fail Fail 60.17

M Strongylocentrotus purpuratus Fertilization 40 minutes 0.014 0.036 0.022 0.95 0.95 Pass Pass 0.26

M Strongylocentrotus purpuratus Fertilization 40 minutes 0.014 0.015 0.023 0.98 0.98 Pass Pass 0.25

M Strongylocentrotus purpuratus Fertilization 40 minutes 0.014 0.063 0.000 0.95 0.99 Pass Pass -3.94

M Strongylocentrotus purpuratus Fertilization 40 minutes 0.014 0.015 0.036 0.96 0.97 Pass Pass -0.62

M Strongylocentrotus purpuratus Fertilization 40 minutes 0.014 0.075 0.031 0.78 0.88 Pass Pass -12.75

N Strongylocentrotus purpuratus Fertilization 40 minutes 0.006 0.063 0.049 0.93 0.85 Pass Pass 9.12

N Strongylocentrotus purpuratus Fertilization 40 minutes 0.006 0.043 0.076 0.81 0.75 Pass Pass 8.02

N Strongylocentrotus purpuratus Fertilization 40 minutes 0.006 0.009 0.117 0.95 0.80 Pass Fail 15.94

N Strongylocentrotus purpuratus Fertilization 40 minutes 0.006 0.048 0.019 0.97 0.99 Pass Pass -1.54

N Strongylocentrotus purpuratus Fertilization 40 minutes 0.006 0.093 0.069 0.87 0.89 Pass Pass -2.06

N Strongylocentrotus purpuratus Fertilization 40 minutes 0.006 0.030 0.005 0.96 1.00 Pass Pass -3.64

N Strongylocentrotus purpuratus Fertilization 40 minutes 0.006 0.135 0.029 0.85 0.85 Pass Pass -0.59

N Strongylocentrotus purpuratus Fertilization 40 minutes 0.006 0.027 0.025 0.97 0.97 Pass Pass 0.82

N Strongylocentrotus purpuratus Fertilization 40 minutes 0.006 0.034 0.092 0.95 0.90 Pass Pass 4.75

N Strongylocentrotus purpuratus Fertilization 40 minutes 0.006 0.000 0.000 1.00 1.00 Pass Pass 0.00

N Strongylocentrotus purpuratus Fertilization 40 minutes 0.006 0.053 0.025 0.87 0.92 Pass Pass -5.95

N Strongylocentrotus purpuratus Fertilization 40 minutes 0.006 0.006 0.020 1.00 0.99 Pass Pass 0.50

O Tripneustes gratilla Fertilization 40 minutes 0.011 0.008 0.111 0.95 0.76 Fail Fail 19.22

O Tripneustes gratilla Fertilization 40 minutes 0.011 0.017 0.063 0.92 0.79 Fail Pass 14.44

O Tripneustes gratilla Fertilization 40 minutes 0.011 0.043 0.045 0.82 0.54 Fail Fail 33.36

O Tripneustes gratilla Fertilization 40 minutes 0.011 0.017 0.038 0.96 0.91 Fail Pass 5.04

O Tripneustes gratilla Fertilization 40 minutes 0.011 0.025 0.037 0.91 0.91 Pass Pass -0.33



TST Test Drive 12/13/2011

65

Source
ID

Test Species Test Type Length IWC Control SD IWC SD
Control

Response
IWC Response

NOEC
Pass

or
Fail

TST
Pass

or
Fail

Mean
%

Effect
at IWC

O Tripneustes gratilla Fertilization 40 minutes 0.011 0.027 0.049 0.83 0.14 Fail Fail 82.64

O Tripneustes gratilla Fertilization 40 minutes 0.011 0.015 0.011 0.97 0.99 Pass Pass -1.57

O Tripneustes gratilla Fertilization 40 minutes 0.011 0.007 0.014 0.99 0.98 Pass Pass 1.54

O Tripneustes gratilla Fertilization 40 minutes 0.011 0.043 0.012 0.95 0.93 Pass Pass 1.22

O Tripneustes gratilla Fertilization 40 minutes 0.011 0.100 0.050 0.84 0.10 Fail Fail 87.44

O Tripneustes gratilla Fertilization 40 minutes 0.011 0.034 0.038 0.93 0.75 Fail Pass 19.93

O Tripneustes gratilla Fertilization 40 minutes 0.011 0.007 0.004 0.98 0.99 Pass Pass -1.00

O Tripneustes gratilla Fertilization 40 minutes 0.011 0.006 0.041 0.97 0.84 Fail Pass 13.42

O Tripneustes gratilla Fertilization 40 minutes 0.011 0.023 0.065 0.96 0.19 Fail Fail 79.90

O Tripneustes gratilla Fertilization 40 minutes 0.011 0.000 0.000 1.00 1.00 Pass Pass 0.00

O Tripneustes gratilla Fertilization 40 minutes 0.011 0.000 0.010 1.00 0.99 Fail Pass 1.32

O Tripneustes gratilla Fertilization 40 minutes 0.011 0.022 0.089 0.93 0.52 Fail Fail 44.20

O Tripneustes gratilla Fertilization 40 minutes 0.011 0.024 0.061 0.92 0.68 Fail Fail 26.34

O Tripneustes gratilla Fertilization 40 minutes 0.011 0.007 0.008 0.98 0.99 Pass Pass -0.53

O Tripneustes gratilla Fertilization 40 minutes 0.011 0.049 0.065 0.88 0.88 Pass Pass -0.55

O Tripneustes gratilla Fertilization 40 minutes 0.011 0.022 0.011 0.93 0.96 Pass Pass -3.46

O Tripneustes gratilla Fertilization 40 minutes 0.011 0.017 0.008 0.87 0.01 Fail Fail 99.42

O Tripneustes gratilla Fertilization 40 minutes 0.011 0.003 0.022 0.87 0.98 Pass Pass -12.22

O Tripneustes gratilla Fertilization 40 minutes 0.011 0.017 0.071 0.96 0.72 Fail Fail 24.29

O Tripneustes gratilla Fertilization 40 minutes 0.011 0.004 0.000 1.00 1.00 Pass Pass -0.15

O Tripneustes gratilla Fertilization 40 minutes 0.011 0.005 0.005 1.00 1.00 Pass Pass 0.00

O Tripneustes gratilla Fertilization 40 minutes 0.011 0.037 0.029 0.93 0.90 Pass Pass 3.96

O Tripneustes gratilla Fertilization 40 minutes 0.011 0.012 0.160 0.95 0.18 Fail Fail 81.27

O Tripneustes gratilla Fertilization 40 minutes 0.011 0.013 0.020 0.95 0.93 Pass Pass 1.96

O Tripneustes gratilla Fertilization 40 minutes 0.011 0.000 0.007 1.00 0.99 Fail Pass 1.09

O Tripneustes gratilla Fertilization 40 minutes 0.011 0.010 0.010 0.98 0.98 Pass Pass 0.28

O Tripneustes gratilla Fertilization 40 minutes 0.011 0.019 0.007 0.98 0.98 Pass Pass -0.49

O Tripneustes gratilla Fertilization 40 minutes 0.011 0.000 0.006 1.00 1.00 Pass Pass 0.37
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O Tripneustes gratilla Fertilization 40 minutes 0.011 0.018 0.044 0.91 0.18 Fail Fail 80.26

O Tripneustes gratilla Fertilization 40 minutes 0.011 0.019 0.085 0.94 0.71 Fail Fail 24.20

O Tripneustes gratilla Fertilization 40 minutes 0.011 0.028 0.051 0.95 0.71 Fail Fail 25.70

O Tripneustes gratilla Fertilization 40 minutes 0.011 0.008 0.007 0.98 0.98 Pass Pass 0.07

I Americamysis bahia Survival 48-96 hours 0.030 0.000 0.058 1.00 0.95 Pass Pass 5.00

I Americamysis bahia Survival 48-96 hours 0.030 0.000 0.000 1.00 1.00 Pass Pass 0.00

I Americamysis bahia Survival 48-96 hours 0.030 0.082 0.050 0.90 0.93 Pass Pass -2.78

I Americamysis bahia Survival 48-96 hours 0.030 0.050 0.050 0.98 0.98 Pass Pass 0.00

I Americamysis bahia Survival 48-96 hours 0.030 0.050 0.082 0.93 0.90 Pass Pass 2.70

I Americamysis bahia Survival 48-96 hours 1.000 0.050 0.050 0.93 0.98 Pass Pass -5.41

I Americamysis bahia Survival 48-96 hours 1.000 0.000 0.000 1.00 1.00 Pass Pass 0.00

D Americamysis bahia Survival 48-96 hours 0.005 0.050 0.100 0.98 0.95 Pass Pass 2.56

D Americamysis bahia Survival 48-96 hours 0.010 0.000 0.058 1.00 0.95 Pass Pass 5.00

D Americamysis bahia Survival 48-96 hours 0.005 0.050 0.058 0.98 0.95 Pass Pass 2.56

D Americamysis bahia Survival 48-96 hours 0.010 0.000 0.000 1.00 1.00 Pass Pass 0.00

D Americamysis bahia Survival 48-96 hours 0.010 0.050 0.050 0.98 0.98 Pass Pass 0.00

D Americamysis bahia Survival 48-96 hours 0.010 0.058 0.126 0.95 0.88 Pass Pass 7.89

D Americamysis bahia Survival 48-96 hours 0.010 0.050 0.050 0.98 0.98 Pass Pass 0.00

D Americamysis bahia Survival 48-96 hours 0.010 0.000 0.000 1.00 1.00 Pass Pass 0.00

D Americamysis bahia Survival 48-96 hours 0.005 0.058 0.058 0.95 0.95 Pass Pass 0.00

D Americamysis bahia Survival 48-96 hours 0.005 0.050 0.050 0.98 0.98 Pass Pass 0.00

I Americamysis bahia Survival 48-96 hours 0.030 0.050 0.000 0.98 1.00 Pass Pass -2.56

F Mytilis edulis Larval Development 48 hours 0.100 0.005 0.018 0.96 0.90 Fail Pass 6.01

F Mytilis edulis Larval Development 48 hours 0.100 0.006 0.010 0.98 0.97 Pass Pass 0.79

F Mytilis edulis Larval Development 48 hours 0.100 0.006 0.010 0.95 0.95 Pass Pass 0.66

F Mytilis edulis Larval Development 48 hours 0.100 0.010 0.024 0.95 0.91 Fail Pass 4.34

F Mytilis edulis Larval Development 48 hours 0.100 0.010 0.014 0.95 0.91 Fail Pass 4.46

F Mytilis edulis Larval Development 48 hours 0.100 0.006 0.019 0.99 0.97 Pass Pass 2.03
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F Mytilis edulis Larval Development 48 hours 0.100 0.006 0.027 0.96 0.92 Fail Pass 4.19

F Mytilis edulis Larval Development 48 hours 0.100 0.026 0.030 0.92 0.85 Fail Pass 8.28

F Mytilis edulis Larval Development 48 hours 0.100 0.022 0.038 0.93 0.88 Fail Pass 6.02

I Mytilis edulis Larval Development 48 hours 0.028 0.002 0.011 0.99 0.97 Pass Pass 0.88

I Mytilis edulis Larval Development 48 hours 0.059 0.013 0.014 0.96 0.95 Pass Pass 1.45

I Mytilis edulis Larval Development 48 hours 0.059 0.021 0.019 0.93 0.94 Pass Pass -1.10

I Mytilis edulis Larval Development 48 hours 0.020 0.013 0.010 0.94 0.96 Pass Pass -2.59

P Mytilis edulis Larval Development 48 hours 0.008 0.014 0.019 0.92 0.89 Pass Pass 2.83

P Mytilis edulis Larval Development 48 hours 0.008 0.003 0.009 0.96 0.94 Fail Pass 2.02

P Mytilis edulis Larval Development 48 hours 0.008 0.004 0.010 0.98 0.95 Fail Pass 2.60

P Mytilis edulis Larval Development 48 hours 0.008 0.004 0.005 0.97 0.98 Pass Pass -1.29

P Mytilis edulis Larval Development 48 hours 0.008 0.005 0.004 0.99 0.99 Pass Pass -0.02

P Mytilis edulis Larval Development 48 hours 0.008 0.003 0.015 0.96 0.84 Fail Pass 12.62

Q Mytilis edulis Larval Development 48 hours 0.011 0.037 0.058 0.92 0.88 Pass Pass 4.45

Q Mytilis edulis Larval Development 48 hours 0.011 0.018 0.017 0.95 0.95 Pass Pass -0.47

Q Mytilis edulis Larval Development 48 hours 0.011 0.008 0.020 0.97 0.95 Pass Pass 2.02

Q Mytilis edulis Larval Development 48 hours 0.011 0.024 0.042 0.92 0.91 Pass Pass 1.41

Q Mytilis edulis Larval Development 48 hours 0.011 0.000 0.014 1.00 0.99 Pass Pass 1.39

R Mytilis edulis Larval Development 48 hours 0.001 0.024 0.020 0.92 0.91 Pass Pass 1.42

R Mytilis edulis Larval Development 48 hours 0.001 0.030 0.035 0.91 0.91 Pass Pass 0.25

R Mytilis edulis Larval Development 48 hours 0.001 0.017 0.026 0.96 0.96 Pass Pass 0.23

R Mytilis edulis Larval Development 48 hours 0.001 0.014 0.008 0.96 0.94 Pass Pass 1.96

R Mytilis edulis Larval Development 48 hours 0.001 0.003 0.004 0.93 0.95 Pass Pass -1.56

I Americamysis bahia Survival 7 days 0.010 0.107 0.093 0.90 0.95 Pass Pass -5.56

I Americamysis bahia Survival 7 days 0.010 0.093 0.151 0.03 0.05 Pass Pass 5.26

I Americamysis bahia Survival 7 days 0.003 0.151 0.071 0.90 0.98 Pass Pass -8.33

I Americamysis bahia Survival 7 days 0.001 0.151 0.093 0.90 0.95 Pass Pass -5.56

I Americamysis bahia Survival 7 days 0.010 0.093 0.093 0.95 0.95 Pass Pass 0.00
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I Americamysis bahia Survival 7 days 0.059 0.104 0.093 0.93 0.95 Pass Pass -2.70

I Americamysis bahia Survival 7 days 0.015 0.000 0.071 1.00 0.98 Pass Pass 2.50

I Americamysis bahia Survival 7 days 0.002 0.141 0.177 0.85 0.85 Pass Pass 0.00

I Americamysis bahia Survival 7 days 0.037 0.104 0.104 0.93 0.93 Pass Pass 0.00

I Americamysis bahia Survival 7 days 0.010 0.149 0.149 0.88 0.88 Pass Pass 0.00

I Americamysis bahia Survival 7 days 0.007 0.104 0.071 0.93 0.98 Pass Pass -5.41

I Americamysis bahia Survival 7 days 0.020 0.141 0.093 0.95 0.95 Pass Pass 0.00

I Americamysis bahia Survival 7 days 0.059 0.141 0.093 0.95 0.95 Pass Pass 0.00

I Americamysis bahia Survival 7 days 0.007 0.151 0.151 0.90 0.90 Pass Pass 0.00

I Americamysis bahia Survival 7 days 0.006 0.149 0.151 0.88 0.80 Pass Pass 8.57

I Americamysis bahia Survival 7 days 0.010 0.071 0.093 0.98 0.95 Pass Pass 2.56

I Americamysis bahia Survival 7 days 0.002 0.093 0.000 0.95 1.00 Pass Pass -5.26

I Americamysis bahia Survival 7 days 0.070 0.093 0.407 0.95 0.90 Pass Pass 5.26

I Americamysis bahia Survival 7 days 0.040 0.104 0.093 0.93 0.95 Pass Pass -2.70

I Americamysis bahia Survival 7 days 0.070 0.093 0.071 0.95 0.98 Pass Pass -2.63

I Americamysis bahia Survival 7 days 0.022 0.107 0.198 0.90 0.78 Pass Pass 13.89

I Americamysis bahia Survival 7 days 0.002 0.128 0.071 0.83 0.98 Pass Pass -18.18

I Americamysis bahia Survival 7 days 0.012 0.149 0.141 0.88 0.75 Pass Pass 14.29

I Americamysis bahia Survival 7 days 0.007 0.104 0.107 0.93 0.90 Pass Pass 2.70

I Americamysis bahia Survival 7 days 0.002 0.104 0.071 0.88 0.98 Pass Pass -11.43

I Americamysis bahia Survival 7 days 0.007 0.000 0.071 1.00 0.98 Pass Pass 2.50

I Americamysis bahia Survival 7 days 0.002 0.104 0.071 0.93 0.98 Pass Pass -5.41

I Americamysis bahia Survival 7 days 0.070 0.093 0.071 0.95 0.98 Pass Pass -2.63

I Americamysis bahia Survival 7 days 0.002 0.093 0.071 0.95 0.98 Pass Pass -2.63

I Americamysis bahia Survival 7 days 0.012 0.104 0.000 0.93 1.00 Pass Pass -8.11

I Americamysis bahia Survival 7 days 0.002 0.093 0.093 0.92 0.92 Pass Pass 0.00

I Americamysis bahia Survival 7 days 0.010 0.104 0.149 0.93 0.93 Pass Pass 0.00

I Americamysis bahia Survival 7 days 0.007 0.107 0.149 0.90 0.93 Pass Pass -2.78
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Source
ID

Test Species Test Type Length IWC Control SD IWC SD
Control

Response
IWC Response

NOEC
Pass

or
Fail

TST
Pass

or
Fail

Mean
%

Effect
at IWC

I Americamysis bahia Survival 7 days 0.028 0.107 0.093 0.90 0.95 Pass Pass -5.56

I Americamysis bahia Survival 7 days 0.007 0.104 0.149 0.93 0.88 Pass Pass 5.41

I Americamysis bahia Survival 7 days 0.020 0.033 0.033 0.95 0.95 Pass Pass 0.00

I Americamysis bahia Survival 7 days 0.015 0.000 0.107 1.00 0.90 Pass Pass 10.00

I Americamysis bahia Survival 7 days 0.001 0.000 0.093 1.00 0.95 Pass Pass 5.00

I Americamysis bahia Survival 7 days 0.010 0.151 0.104 0.90 0.88 Pass Pass 2.78

I Americamysis bahia Survival 7 days 0.037 0.141 0.151 0.85 0.90 Pass Pass -5.88

I Americamysis bahia Survival 7 days 0.028 0.093 0.093 0.95 0.95 Pass Pass 0.00

I Americamysis bahia Survival 7 days 0.010 0.093 0.000 0.95 1.00 Pass Pass -5.26

I Americamysis bahia Survival 7 days 0.012 0.071 0.149 0.98 0.93 Pass Pass 5.13

I Americamysis bahia Survival 7 days 0.003 0.071 0.104 0.98 0.93 Pass Pass 5.13

I Americamysis bahia Survival 7 days 1.000 0.000 0.093 1.00 0.95 Pass Pass 5.00

I Americamysis bahia Survival 7 days 1.000 0.151 0.141 0.90 0.85 Pass Pass 5.56

I Americamysis bahia Growth 7 days 0.010 0.040 0.052 0.26 0.31 Pass Pass -17.18

I Americamysis bahia Growth 7 days 0.010 0.036 0.033 0.24 0.23 Pass Pass 2.29

I Americamysis bahia Growth 7 days 0.003 0.040 0.022 0.33 0.36 Pass Pass -10.99

I Americamysis bahia Growth 7 days 0.001 0.040 0.033 0.33 0.34 Pass Pass -4.07

I Americamysis bahia Growth 7 days 0.010 0.058 0.038 0.33 0.33 Pass Pass -0.45

I Americamysis bahia Growth 7 days 0.059 0.053 0.056 0.38 0.37 Pass Pass 2.45

I Americamysis bahia Growth 7 days 0.015 0.033 0.039 0.34 0.34 Pass Pass -0.59

I Americamysis bahia Growth 7 days 0.002 0.060 0.068 0.31 0.32 Pass Pass -4.74

I Americamysis bahia Growth 7 days 0.037 0.031 0.039 0.31 0.27 Pass Pass 12.08

I Americamysis bahia Growth 7 days 0.010 0.043 0.073 0.26 0.26 Pass Pass 1.82

I Americamysis bahia Growth 7 days 0.007 0.091 0.034 0.29 0.28 Pass Pass 5.67

I Americamysis bahia Growth 7 days 0.020 0.027 0.042 0.28 0.30 Pass Pass -6.26

I Americamysis bahia Growth 7 days 0.059 0.043 0.038 0.26 0.28 Pass Pass -6.35

I Americamysis bahia Growth 7 days 0.007 0.090 0.077 0.44 0.43 Pass Pass 1.08

I Americamysis bahia Growth 7 days 0.006 0.076 0.110 0.38 0.34 Pass Pass 10.05
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Source
ID

Test Species Test Type Length IWC Control SD IWC SD
Control

Response
IWC Response

NOEC
Pass

or
Fail

TST
Pass

or
Fail

Mean
%

Effect
at IWC

I Americamysis bahia Growth 7 days 0.010 0.036 0.058 0.34 0.28 Fail Pass 16.32

I Americamysis bahia Growth 7 days 0.002 0.060 0.038 0.40 0.39 Pass Pass 2.36

I Americamysis bahia Growth 7 days 0.070 0.053 0.041 0.34 0.32 Pass Pass 6.65

I Americamysis bahia Growth 7 days 0.040 0.042 0.037 0.32 0.31 Pass Pass 5.34

I Americamysis bahia Growth 7 days 0.070 0.046 0.053 0.31 0.36 Pass Pass -15.42

I Americamysis bahia Growth 7 days 0.022 0.067 0.056 0.21 0.21 Pass Pass 1.28

I Americamysis bahia Growth 7 days 0.002 0.061 0.043 0.29 0.33 Pass Pass -15.20

I Americamysis bahia Growth 7 days 0.012 0.084 0.064 0.32 0.25 Pass Fail 20.61

I Americamysis bahia Growth 7 days 0.007 0.048 0.037 0.33 0.31 Pass Pass 5.65

I Americamysis bahia Growth 7 days 0.002 0.046 0.056 0.32 0.34 Pass Pass -5.74

I Americamysis bahia Growth 7 days 0.007 0.056 0.042 0.35 0.36 Pass Pass -1.49

I Americamysis bahia Growth 7 days 0.002 0.058 0.058 0.33 0.39 Pass Pass -19.28

I Americamysis bahia Growth 7 days 0.070 0.040 0.034 0.37 0.38 Pass Pass -2.01

I Americamysis bahia Growth 7 days 0.002 0.056 0.034 0.36 0.37 Pass Pass -3.72

I Americamysis bahia Growth 7 days 0.012 0.036 0.030 0.22 0.22 Pass Pass 2.27

I Americamysis bahia Growth 7 days 0.002 0.044 0.034 0.27 0.25 Pass Pass 6.27

I Americamysis bahia Growth 7 days 0.010 0.032 0.060 0.32 0.29 Pass Pass 11.51

I Americamysis bahia Growth 7 days 0.007 0.045 0.050 0.30 0.32 Pass Pass -6.84

I Americamysis bahia Growth 7 days 0.028 0.036 0.021 0.33 0.36 Pass Pass -10.73

I Americamysis bahia Growth 7 days 0.007 0.075 0.079 0.31 0.35 Pass Pass -10.68

I Americamysis bahia Growth 7 days 0.020 0.038 0.047 0.33 0.32 Pass Pass 1.23

I Americamysis bahia Growth 7 days 0.015 0.015 0.034 0.28 0.27 Pass Pass 5.43

I Americamysis bahia Growth 7 days 0.001 0.027 0.020 0.36 0.36 Pass Pass -1.27

I Americamysis bahia Growth 7 days 0.010 0.052 0.016 0.26 0.27 Pass Pass -3.56

I Americamysis bahia Growth 7 days 0.037 0.055 0.029 0.26 0.27 Pass Pass -4.29

I Americamysis bahia Growth 7 days 0.028 0.039 0.034 0.32 0.32 Pass Pass -0.16

I Americamysis bahia Growth 7 days 0.010 0.035 0.041 0.23 0.26 Pass Pass -11.88

I Americamysis bahia Growth 7 days 0.012 0.044 0.067 0.29 0.25 Pass Pass 12.26
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Source
ID

Test Species Test Type Length IWC Control SD IWC SD
Control

Response
IWC Response

NOEC
Pass

or
Fail

TST
Pass

or
Fail

Mean
%

Effect
at IWC

I Americamysis bahia Growth 7 days 0.003 0.035 0.046 0.36 0.35 Pass Pass 3.17

I Americamysis bahia Growth 7 days 1.000 0.062 0.016 0.31 0.30 Pass Pass 2.04

I Americamysis bahia Growth 7 days 1.000 0.051 0.072 0.32 0.31 Pass Pass 3.91

Small
Facility

Selenastrum capricornutum Growth 96 hours 1.000 176300.000 131200.000 4443000.00 1970000.00 Fail Fail 55.67

Small
Facility

Ceriodaphnia dubia Reproduction 6-8 days 1.000 12.280 7.749 24.50 21.60 Pass Fail 11.84

Small
Facility

Ceriodaphnia dubia Reproduction 6-8 days 1.000 10.430 5.363 19.00 12.90 Pass Fail 32.11

Small
Facility

Ceriodaphnia dubia Reproduction 6-8 days 1.000 3.234 7.009 27.30 22.30 Pass Fail 18.32

Small
Facility

Ceriodaphnia dubia Reproduction 6-8 days 1.000 5.208 7.965 27.30 11.10 Fail Fail 59.34

Small
Facility

Ceriodaphnia dubia Reproduction 6-8 days 1.000 6.197 8.564 21.20 7.70 Fail Fail 63.68

Small
Facility

Ceriodaphnia dubia Reproduction 6-8 days 1.000 12.980 9.800 21.20 18.40 Pass Fail 13.21

Small
Facility

Pimephales promelas Survival 7 days 1.000 0.000 0.050 1.00 0.88 Fail Pass 12.50

Small
Facility

Pimephales promelas Biomass 7 days 1.000 0.010 0.616 0.25 0.21 Pass Pass 14.14

Small
Facility

Pimephales promelas Survival 7 days 1.000 0.000 0.000 1.00 1.00 Pass Pass 0.00

Small
Facility

Pimephales promelas Biomass 7 days 1.000 0.017 0.025 0.32 0.33 Pass Pass -2.33

Small
Facility

Pimephales promelas Survival 7 days 1.000 0.058 0.386 0.95 0.78 Pass Fail 18.42

Small
Facility

Pimephales promelas Biomass 7 days 1.000 0.017 0.141 0.38 0.33 Pass Fail 13.07

Small
Facility

Pimephales promelas Survival 7 days 1.000 0.100 0.058 0.95 0.95 Pass Pass 0.00

Small
Facility

Pimephales promelas Biomass 7 days 1.000 0.087 0.022 0.44 0.50 Pass Pass -14.29

Small
Facility

Pimephales promelas Survival 7 days 1.000 0.116 0.058 0.90 0.95 Pass Pass -5.56

Small
Facility

Pimephales promelas Biomass 7 days 1.000 0.037 0.039 0.35 0.33 Pass Pass 7.09

Small
Facility

Pimephales promelas Survival 7 days 1.000 0.000 0.050 1.00 0.93 Pass Pass 7.50

Small
Facility

Pimephales promelas Biomass 7 days 1.000 0.026 0.030 0.37 0.42 Pass Pass -13.42
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Source
ID

Test Species Test Type Length IWC Control SD IWC SD
Control

Response
IWC Response

NOEC
Pass

or
Fail

TST
Pass

or
Fail

Mean
%

Effect
at IWC

Small
Facility

Pimephales promelas Survival 7 days 1.000 0.058 0.096 0.95 0.88 Fail Pass 7.89

Small
Facility

Pimephales promelas Biomass 7 days 1.000 0.022 0.038 0.32 0.28 Pass Pass 14.06

Small
Facility

Ceriodaphnia dubia Survival 48-96 hours 1.000 0.100 0.100 0.95 0.95 Pass Pass 0.00

Small
Facility

Ceriodaphnia dubia Survival 48-96 hours 1.000 0.000 0.100 1.00 0.75 Fail Fail 25.00
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Appendix B

Database of SWAMP and CEDEN Test
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Test Species Endpoint Duration Control SD Sample SD Control Mean Sample Mean
TST Pass or

Fail
NOEC Pass or

Fail
Mean % Effect at

100% Sample

Ceriodaphnia dubia Reproduction 6-8 day 4.927 7.445 35.56 38.10 Pass Pass -7.16

Ceriodaphnia dubia Reproduction 6-8 day 4.927 10.615 35.56 35.30 Pass Pass 0.72

Ceriodaphnia dubia Reproduction 6-8 day 4.927 8.094 35.56 35.20 Pass Pass 1.00

Ceriodaphnia dubia Reproduction 6-8 day 4.927 7.987 35.56 35.30 Pass Pass 0.72

Ceriodaphnia dubia Reproduction 6-8 day 4.927 9.649 35.56 37.00 Pass Pass -4.06

Ceriodaphnia dubia Reproduction 6-8 day 4.473 4.322 23.70 27.30 Pass Pass -15.19

Ceriodaphnia dubia Reproduction 6-8 day 4.473 3.292 23.70 21.38 Pass Pass 9.81

Ceriodaphnia dubia Reproduction 6-8 day 4.473 3.239 23.70 26.40 Pass Pass -11.39

Ceriodaphnia dubia Reproduction 6-8 day 4.473 8.465 23.70 30.90 Pass Pass -30.38

Pimephales promelas Survival 7 day 0.050 0.050 97.50 92.50 Pass Pass 5.13

Pimephales promelas Survival 7 day 0.050 0.050 97.50 97.50 Pass Pass 0.00

Pimephales promelas Survival 7 day 0.050 0.000 97.50 100.00 Pass Pass -2.56

Pimephales promelas Survival 7 day 0.050 0.000 97.50 100.00 Pass Pass -2.56

Pimephales promelas Survival 7 day 0.050 0.096 97.50 92.50 Pass Pass 5.13

Pimephales promelas Survival 7 day 0.050 0.312 97.50 75.50 Fail Pass 22.56

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.100 22.10 5.40 Fail Fail 75.57

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.163 22.10 8.88 Fail Fail 59.84

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.191 22.10 19.20 Pass Pass 13.12

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.100 22.10 22.00 Pass Pass 0.45

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.000 22.10 21.30 Pass Pass 3.62

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.115 22.10 21.00 Pass Pass 4.98

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.191 22.10 21.20 Pass Pass 4.07

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.085 19.80 24.90 Pass Pass -25.76

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.115 19.80 23.90 Pass Pass -20.71

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.100 19.80 25.70 Pass Pass -29.80

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.191 19.80 20.78 Pass Pass -4.94

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.100 19.80 27.20 Pass Pass -37.37

Pimephales promelas Survival 7 day 0.000 0.191 100.00 95.00 Pass Pass 5.00

Pimephales promelas Survival 7 day 0.000 0.100 100.00 80.00 Fail Pass 20.00

Pimephales promelas Survival 7 day 0.050 0.141 100.00 85.00 Fail Pass 15.00
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Test Species Endpoint Duration Control SD Sample SD Control Mean Sample Mean
TST Pass or

Fail
NOEC Pass or

Fail
Mean % Effect at

100% Sample

Pimephales promelas Survival 7 day 0.050 0.050 100.00 85.00 Fail Pass 15.00

Pimephales promelas Survival 7 day 0.050 0.096 100.00 100.00 Pass Pass 0.00

Pimephales promelas Survival 7 day 0.050 0.050 100.00 90.00 Pass Pass 10.00

Pimephales promelas Survival 7 day 0.050 0.082 100.00 85.00 Fail Pass 15.00

Pimephales promelas Survival 7 day 0.050 0.141 100.00 95.75 Pass Pass 4.25

Pimephales promelas Survival 7 day 0.050 0.050 100.00 70.00 Fail Fail 30.00

Pimephales promelas Survival 7 day 0.050 0.000 100.00 95.00 Pass Pass 5.00

Pimephales promelas Survival 7 day 0.050 0.141 100.00 85.00 Fail Pass 15.00

Pimephales promelas Survival 7 day 0.050 0.096 100.00 85.00 Fail Pass 15.00

Pimephales promelas Survival 7 day 0.050 0.050 100.00 85.00 Fail Pass 15.00

Pimephales promelas Survival 7 day 0.050 0.000 100.00 95.00 Pass Pass 5.00

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.000 19.60 19.70 Pass Pass -0.51

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.055 19.60 18.20 Pass Pass 7.14

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.050 19.60 16.20 Fail Pass 17.35

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.141 17.60 20.11 Pass Pass -14.27

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.263 17.60 19.20 Pass Pass -9.09

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.443 17.60 19.70 Pass Pass -11.93

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.096 17.60 17.40 Pass Pass 1.14

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.082 17.60 19.50 Pass Pass -10.80

Pimephales promelas Survival 7 day 0.052 0.050 97.50 80.00 Fail Fail 17.95

Pimephales promelas Survival 7 day 0.052 0.145 97.50 97.50 Pass Pass 0.00

Pimephales promelas Survival 7 day 0.052 0.115 97.50 92.50 Pass Pass 5.13

Pimephales promelas Survival 7 day 0.052 0.049 97.50 92.50 Pass Pass 5.13

Pimephales promelas Survival 7 day 0.052 0.373 97.50 90.00 Pass Pass 7.69

Pimephales promelas Survival 7 day 0.141 0.091 97.50 80.00 Fail Fail 17.95

Pimephales promelas Survival 7 day 0.141 0.096 97.50 97.50 Pass Pass 0.00

Pimephales promelas Survival 7 day 0.141 0.209 97.50 100.00 Pass Pass -2.56

Pimephales promelas Survival 7 day 0.141 0.049 97.50 90.00 Pass Pass 7.69

Pimephales promelas Survival 7 day 0.141 0.135 97.50 92.50 Pass Pass 5.13

Ceriodaphnia dubia Reproduction 6-8 day 0.141 0.236 19.60 14.50 Fail Fail 26.02
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Test Species Endpoint Duration Control SD Sample SD Control Mean Sample Mean
TST Pass or

Fail
NOEC Pass or

Fail
Mean % Effect at

100% Sample

Ceriodaphnia dubia Reproduction 6-8 day 0.141 0.334 19.60 16.40 Fail Pass 16.33

Pimephales promelas Survival 7 day 0.141 0.061 97.50 97.50 Pass Pass 0.00

Pimephales promelas Survival 7 day 0.141 0.174 97.50 100.00 Pass Pass -2.56

Ceriodaphnia dubia Reproduction 6-8 day 0.141 0.150 22.90 16.80 Fail Fail 26.64

Ceriodaphnia dubia Reproduction 6-8 day 0.141 0.122 22.90 25.00 Pass Pass -9.17

Ceriodaphnia dubia Reproduction 6-8 day 0.141 0.486 22.90 25.20 Pass Pass -10.04

Ceriodaphnia dubia Reproduction 6-8 day 0.055 0.000 22.90 25.90 Pass Pass -13.10

Ceriodaphnia dubia Reproduction 6-8 day 0.055 0.000 22.90 23.80 Pass Pass -3.93

Ceriodaphnia dubia Reproduction 6-8 day 0.055 0.000 22.90 23.40 Pass Pass -2.18

Ceriodaphnia dubia Reproduction 6-8 day 0.039 0.050 22.90 25.40 Pass Pass -10.92

Ceriodaphnia dubia Reproduction 6-8 day 0.039 0.126 22.90 21.20 Pass Pass 7.42

Pimephales promelas Survival 7 day 0.039 0.055 100.00 100.00 Pass Pass 0.00

Pimephales promelas Survival 7 day 0.039 0.096 100.00 95.25 Pass Pass 4.75

Pimephales promelas Survival 7 day 0.039 0.082 100.00 97.50 Pass Pass 2.50

Pimephales promelas Survival 7 day 0.039 0.150 100.00 90.00 Pass Pass 10.00

Pimephales promelas Survival 7 day 0.039 0.115 100.00 77.50 Fail Pass 22.50

Pimephales promelas Survival 7 day 0.039 0.127 100.00 65.00 Fail Pass 35.00

Pimephales promelas Survival 7 day 0.039 0.281 100.00 92.50 Pass Pass 7.50

Pimephales promelas Survival 7 day 0.039 0.093 100.00 90.00 Pass Pass 10.00

Ceriodaphnia dubia Reproduction 6-8 day 0.039 0.049 24.20 24.00 Pass Pass 0.83

Ceriodaphnia dubia Reproduction 6-8 day 0.039 0.050 24.20 23.70 Pass Pass 2.07

Ceriodaphnia dubia Reproduction 6-8 day 0.039 0.141 24.20 20.80 Fail Pass 14.05

Ceriodaphnia dubia Reproduction 6-8 day 0.050 0.130 24.20 17.60 Fail Fail 27.27

Ceriodaphnia dubia Reproduction 6-8 day 0.050 0.000 24.20 19.10 Fail Pass 21.07

Pimephales promelas Survival 7 day 0.050 0.058 92.25 92.50 Pass Pass -0.27

Pimephales promelas Survival 7 day 0.050 0.000 92.25 68.50 Fail Pass 25.75

Pimephales promelas Survival 7 day 0.050 0.201 92.25 80.00 Pass Pass 13.28

Pimephales promelas Survival 7 day 0.050 0.000 92.25 92.75 Pass Pass -0.54

Pimephales promelas Survival 7 day 0.050 0.082 92.25 32.00 Fail Fail 65.31

Ceriodaphnia dubia Reproduction 6-8 day 0.050 0.058 23.11 24.20 Pass Pass -4.71
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Test Species Endpoint Duration Control SD Sample SD Control Mean Sample Mean
TST Pass or

Fail
NOEC Pass or

Fail
Mean % Effect at

100% Sample

Ceriodaphnia dubia Reproduction 6-8 day 0.050 0.126 23.11 28.00 Pass Pass -21.15

Ceriodaphnia dubia Reproduction 6-8 day 0.050 0.096 13.60 33.00 Pass Pass -142.65

Ceriodaphnia dubia Reproduction 6-8 day 0.050 0.126 21.80 22.90 Pass Pass -5.05

Ceriodaphnia dubia Reproduction 6-8 day 0.050 0.058 21.80 24.80 Pass Pass -13.76

Ceriodaphnia dubia Reproduction 6-8 day 0.088 0.000 21.80 17.10 Fail Fail 21.56

Ceriodaphnia dubia Reproduction 6-8 day 0.088 0.000 21.80 22.80 Pass Pass -4.59

Ceriodaphnia dubia Reproduction 6-8 day 0.088 0.058 21.80 20.80 Pass Pass 4.59

Ceriodaphnia dubia Reproduction 6-8 day 0.088 0.055 20.60 25.40 Pass Pass -23.30

Ceriodaphnia dubia Reproduction 6-8 day 0.088 0.055 20.60 23.40 Pass Pass -13.59

Ceriodaphnia dubia Reproduction 6-8 day 0.088 0.000 20.60 21.50 Pass Pass -4.37

Ceriodaphnia dubia Reproduction 6-8 day 0.088 0.000 20.60 22.80 Pass Pass -10.68

Ceriodaphnia dubia Reproduction 6-8 day 0.088 0.000 20.60 18.90 Pass Pass 8.25

Ceriodaphnia dubia Reproduction 6-8 day 0.088 0.050 20.60 16.40 Fail Fail 20.39

Pimephales promelas Survival 7 day 0.000 0.064 90.00 88.00 Pass Pass 2.22

Pimephales promelas Survival 7 day 0.000 0.050 90.00 87.50 Pass Pass 2.78

Pimephales promelas Survival 7 day 0.000 0.095 90.00 84.00 Pass Pass 6.67

Pimephales promelas Survival 7 day 0.000 0.061 90.00 92.75 Pass Pass -3.06

Pimephales promelas Survival 7 day 0.000 0.050 90.00 80.75 Pass Pass 10.28

Pimephales promelas Survival 7 day 0.000 0.050 90.00 82.50 Pass Pass 8.33

Pimephales promelas Survival 7 day 0.000 0.000 90.00 55.00 Fail Pass 38.89

Pimephales promelas Survival 7 day 0.000 0.100 90.00 94.75 Pass Pass -5.28

Pimephales promelas Survival 7 day 0.000 0.100 90.00 85.25 Pass Pass 5.28

Pimephales promelas Survival 7 day 0.000 0.061 90.00 82.50 Pass Pass 8.33

Pimephales promelas Survival 7 day 0.141 0.216 90.00 70.50 Fail Pass 21.67

Pimephales promelas Survival 7 day 0.141 0.126 90.00 72.50 Fail Pass 19.44

Ceriodaphnia dubia Reproduction 6-8 day 0.141 0.082 26.50 27.89 Pass Pass -5.24

Ceriodaphnia dubia Reproduction 6-8 day 0.141 0.263 26.50 31.10 Pass Pass -17.36

Ceriodaphnia dubia Reproduction 6-8 day 0.141 0.300 26.50 27.50 Pass Pass -3.77

Pimephales promelas Survival 7 day 0.055 0.058 95.25 100.00 Pass Pass -4.99

Pimephales promelas Survival 7 day 0.055 0.100 95.25 100.00 Pass Pass -4.99
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Pimephales promelas Survival 7 day 0.055 0.082 95.25 100.00 Pass Pass -4.99

Selenastrum capricornutum Growth 96 hours 0.055 0.129 6368000.00 6448000.00 Pass Pass -1.26

Selenastrum capricornutum Growth 96 hours 0.082 0.056 6368000.00 5818000.00 Pass Fail 8.64

Selenastrum capricornutum Growth 96 hours 0.082 0.141 6368000.00 4118000.00 Fail Fail 35.33

Ceriodaphnia dubia Reproduction 6-8 day 0.082 0.054 24.00 27.25 Pass Pass -13.54

Ceriodaphnia dubia Reproduction 6-8 day 0.082 0.141 24.00 29.70 Pass Pass -23.75

Ceriodaphnia dubia Reproduction 6-8 day 0.082 0.096 24.00 32.50 Pass Pass -35.42

Ceriodaphnia dubia Reproduction 6-8 day 0.082 0.093 24.00 22.60 Pass Pass 5.83

Ceriodaphnia dubia Reproduction 6-8 day 0.082 0.085 24.00 21.13 Fail Pass 11.98

Ceriodaphnia dubia Reproduction 6-8 day 0.082 0.058 24.00 26.44 Pass Pass -10.19

Ceriodaphnia dubia Reproduction 6-8 day 0.082 0.127 24.00 39.90 Pass Pass -66.25

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.048 24.00 24.30 Pass Pass -1.25

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.058 24.00 26.10 Pass Pass -8.75

Ceriodaphnia dubia Reproduction 6-8 day 0.096 0.000 24.00 26.00 Pass Pass -8.33

Pimephales promelas Survival 7 day 0.096 0.050 87.75 97.50 Pass Pass -11.11

Pimephales promelas Survival 7 day 0.096 0.050 87.75 87.50 Pass Pass 0.28

Pimephales promelas Survival 7 day 0.000 0.058 87.75 97.25 Pass Pass -10.83

Pimephales promelas Survival 7 day 0.050 0.000 87.75 92.50 Pass Pass -5.41

Pimephales promelas Survival 7 day 0.050 0.058 87.75 90.00 Pass Pass -2.56

Pimephales promelas Survival 7 day 0.050 0.050 87.75 87.50 Pass Pass 0.28

Pimephales promelas Survival 7 day 0.050 0.058 87.75 90.00 Pass Pass -2.56

Pimephales promelas Survival 7 day 0.050 0.061 87.75 90.75 Pass Pass -3.42

Pimephales promelas Survival 7 day 0.050 0.058 87.75 53.75 Fail Pass 38.75

Pimephales promelas Survival 7 day 0.050 0.000 87.75 82.25 Pass Pass 6.27

Pimephales promelas Survival 7 day 0.058 0.052 87.75 92.75 Pass Pass -5.70

Pimephales promelas Survival 7 day 0.058 0.058 87.75 97.50 Pass Pass -11.11

Pimephales promelas Survival 7 day 0.058 0.050 87.75 90.00 Pass Pass -2.56

Ceriodaphnia dubia Reproduction 6-8 day 0.058 0.250 21.50 10.13 Fail Fail 52.91

Ceriodaphnia dubia Reproduction 6-8 day 0.058 0.150 21.50 24.13 Pass Pass -12.21

Ceriodaphnia dubia Reproduction 6-8 day 0.058 0.271 21.50 24.00 Pass Pass -11.63
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Ceriodaphnia dubia Reproduction 6-8 day 0.058 0.000 21.50 28.38 Pass Pass -31.98

Ceriodaphnia dubia Reproduction 6-8 day 0.058 0.096 21.50 31.80 Pass Pass -47.91

Ceriodaphnia dubia Reproduction 6-8 day 0.050 0.000 21.50 10.14 Fail Fail 52.82

Ceriodaphnia dubia Reproduction 6-8 day 0.050 0.000 21.50 20.33 Pass Pass 5.43

Ceriodaphnia dubia Reproduction 6-8 day 0.050 0.100 21.50 34.10 Pass Pass -58.60

Ceriodaphnia dubia Reproduction 6-8 day 0.050 0.050 21.50 36.50 Pass Pass -69.77

Ceriodaphnia dubia Reproduction 6-8 day 0.050 0.173 21.50 41.50 Pass Pass -93.02

Ceriodaphnia dubia Reproduction 6-8 day 0.050 0.100 21.50 22.71 Pass Pass -5.65

Pimephales promelas Survival 7 day 0.058 0.171 97.50 83.50 Fail Pass 14.36

Pimephales promelas Survival 7 day 0.058 0.263 97.50 100.00 Pass Pass -2.56

Pimephales promelas Survival 7 day 0.058 0.050 97.50 95.00 Pass Pass 2.56

Pimephales promelas Survival 7 day 0.058 0.096 97.50 100.00 Pass Pass -2.56

Pimephales promelas Survival 7 day 0.058 0.058 97.50 83.25 Pass Pass 14.62

Pimephales promelas Survival 7 day 0.058 0.000 97.50 100.00 Pass Pass -2.56

Pimephales promelas Survival 7 day 0.058 0.100 97.50 90.00 Pass Pass 7.69

Pimephales promelas Survival 7 day 0.058 0.105 97.50 95.00 Pass Pass 2.56

Pimephales promelas Survival 7 day 0.058 0.141 97.50 77.50 Fail Fail 20.51

Pimephales promelas Survival 7 day 0.058 0.173 97.50 92.50 Pass Pass 5.13

Pimephales promelas Survival 7 day 0.058 0.055 97.50 87.50 Pass Pass 10.26

Pimephales promelas Survival 7 day 0.058 0.058 97.50 95.00 Pass Pass 2.56

Ceriodaphnia dubia Reproduction 6-8 day 0.058 0.000 25.40 34.90 Pass Pass -37.40

Ceriodaphnia dubia Reproduction 6-8 day 0.058 0.058 25.40 35.30 Pass Pass -38.98

Ceriodaphnia dubia Reproduction 6-8 day 0.058 0.058 25.40 33.60 Pass Pass -32.28

Ceriodaphnia dubia Reproduction 6-8 day 0.058 0.058 25.40 32.50 Pass Pass -27.95

Ceriodaphnia dubia Reproduction 6-8 day 0.058 0.058 25.40 26.60 Pass Pass -4.72

Ceriodaphnia dubia Reproduction 6-8 day 0.058 0.000 25.40 35.70 Pass Pass -40.55

Ceriodaphnia dubia Reproduction 6-8 day 0.058 0.058 25.40 34.10 Pass Pass -34.25

Ceriodaphnia dubia Reproduction 6-8 day 0.058 0.050 25.40 34.80 Pass Pass -37.01

Ceriodaphnia dubia Reproduction 6-8 day 0.058 0.055 25.40 41.10 Pass Pass -61.81

Pimephales promelas Survival 7 day 0.058 0.000 92.75 100.00 Pass Pass -7.82
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Pimephales promelas Survival 7 day 0.000 0.096 92.75 100.00 Pass Pass -7.82

Pimephales promelas Survival 7 day 0.000 0.129 92.75 95.00 Pass Pass -2.43

Pimephales promelas Survival 7 day 0.000 0.050 92.75 97.25 Pass Pass -4.85

Pimephales promelas Survival 7 day 0.058 0.173 92.75 95.25 Pass Pass -2.70

Pimephales promelas Survival 7 day 0.058 0.058 92.75 100.00 Pass Pass -7.82

Pimephales promelas Survival 7 day 0.058 0.000 92.75 100.00 Pass Pass -7.82

Pimephales promelas Survival 7 day 0.058 0.000 92.75 100.00 Pass Pass -7.82

Pimephales promelas Survival 7 day 0.058 0.058 92.75 92.50 Pass Pass 0.27

Selenastrum capricornutum Growth 96 hours 0.000 0.050 4433000.00 5598000.00 Pass Pass -26.28

Selenastrum capricornutum Growth 96 hours 0.000 0.096 4433000.00 5373000.00 Pass Pass -21.20

Selenastrum capricornutum Growth 96 hours 0.000 0.050 4433000.00 5863000.00 Pass Pass -32.26

Selenastrum capricornutum Growth 96 hours 0.100 0.141 4433000.00 2463000.00 Fail Fail 44.44

Selenastrum capricornutum Growth 96 hours 0.100 0.200 4433000.00 3843000.00 Pass Fail 13.31

Selenastrum capricornutum Growth 96 hours 0.100 0.100 4433000.00 5563000.00 Pass Pass -25.49

Selenastrum capricornutum Growth 96 hours 0.100 0.082 4433000.00 3743000.00 Pass Fail 15.57

Ceriodaphnia dubia Reproduction 6-8 day 0.100 0.058 25.60 23.30 Pass Pass 8.98

Ceriodaphnia dubia Reproduction 6-8 day 0.100 0.058 25.60 24.00 Pass Pass 6.25

Ceriodaphnia dubia Reproduction 6-8 day 0.090 0.197 25.60 22.20 Pass Pass 13.28

Ceriodaphnia dubia Reproduction 6-8 day 0.090 0.010 25.60 20.60 Fail Pass 19.53

Ceriodaphnia dubia Reproduction 6-8 day 0.090 0.206 25.60 23.60 Pass Pass 7.81

Ceriodaphnia dubia Reproduction 6-8 day 0.090 0.186 25.60 26.30 Pass Pass -2.73

Ceriodaphnia dubia Reproduction 6-8 day 0.090 0.165 25.60 26.00 Pass Pass -1.56

Ceriodaphnia dubia Reproduction 6-8 day 0.090 0.265 25.60 24.70 Pass Pass 3.52

Ceriodaphnia dubia Reproduction 6-8 day 0.090 0.000 25.60 30.30 Pass Pass -18.36

Ceriodaphnia dubia Reproduction 6-8 day 0.090 0.129 25.60 24.60 Pass Pass 3.91

Pimephales promelas Survival 7 day 0.090 0.443 100.00 94.50 Pass Pass 5.50

Pimephales promelas Survival 7 day 0.100 0.082 100.00 97.50 Pass Pass 2.50

Pimephales promelas Survival 7 day 0.100 0.096 100.00 87.25 Fail Pass 12.75

Pimephales promelas Survival 7 day 0.100 0.000 100.00 94.75 Pass Pass 5.25

Pimephales promelas Survival 7 day 0.100 0.058 100.00 72.50 Fail Fail 27.50



TST Test Drive 12/13/2011

81

Test Species Endpoint Duration Control SD Sample SD Control Mean Sample Mean
TST Pass or

Fail
NOEC Pass or

Fail
Mean % Effect at

100% Sample

Pimephales promelas Survival 7 day 0.100 0.082 100.00 97.50 Pass Pass 2.50

Pimephales promelas Survival 7 day 0.100 0.055 100.00 100.00 Pass Pass 0.00

Pimephales promelas Survival 7 day 0.100 0.096 100.00 95.00 Pass Pass 5.00

Pimephales promelas Survival 7 day 0.100 0.206 100.00 95.00 Pass Pass 5.00

Pimephales promelas Survival 7 day 0.142 0.126 100.00 94.75 Pass Pass 5.25

Selenastrum capricornutum Growth 96 hours 0.142 0.263 4238000.00 5718000.00 Pass Pass -34.92

Selenastrum capricornutum Growth 96 hours 0.142 0.082 4238000.00 2518000.00 Fail Fail 40.59

Selenastrum capricornutum Growth 96 hours 0.142 0.126 4238000.00 2583000.00 Fail Fail 39.05

Selenastrum capricornutum Growth 96 hours 0.142 0.200 4238000.00 1228000.00 Fail Fail 71.02

Selenastrum capricornutum Growth 96 hours 0.142 0.050 4238000.00 5593000.00 Pass Pass -31.97

Selenastrum capricornutum Growth 96 hours 0.096 0.141 4238000.00 2783000.00 Fail Fail 34.33

Selenastrum capricornutum Growth 96 hours 0.096 0.096 4238000.00 4998000.00 Pass Pass -17.93

Selenastrum capricornutum Growth 96 hours 0.096 0.000 4238000.00 5468000.00 Pass Pass -29.02

Selenastrum capricornutum Growth 96 hours 0.096 0.050 4238000.00 5488000.00 Pass Pass -29.50

Selenastrum capricornutum Growth 96 hours 0.096 0.337 4238000.00 5723000.00 Pass Pass -35.04

Ceriodaphnia dubia Reproduction 6-8 day 0.100 0.000 31.10 27.70 Pass Pass 10.93

Ceriodaphnia dubia Reproduction 6-8 day 0.050 0.200 31.10 34.10 Pass Pass -9.65

Ceriodaphnia dubia Reproduction 6-8 day 0.050 0.206 31.10 30.40 Pass Pass 2.25

Ceriodaphnia dubia Reproduction 6-8 day 0.050 0.110 31.10 29.60 Pass Pass 4.82

Ceriodaphnia dubia Reproduction 6-8 day 0.050 0.091 31.10 29.90 Pass Pass 3.86

Pimephales promelas Survival 7 day 0.000 0.050 80.00 80.00 Pass Pass 0.00

Pimephales promelas Survival 7 day 0.000 0.096 80.00 87.50 Pass Pass -9.38

Pimephales promelas Survival 7 day 0.000 0.000 80.00 80.00 Pass Pass 0.00

Pimephales promelas Survival 7 day 0.000 0.000 80.00 77.50 Pass Pass 3.13

Pimephales promelas Survival 7 day 0.000 0.058 80.00 65.00 Fail Pass 18.75

Selenastrum capricornutum Growth 96 hours 0.000 0.000 4670000.00 5105000.00 Pass Pass -9.31

Selenastrum capricornutum Growth 96 hours 0.000 0.050 4670000.00 5430000.00 Pass Pass -16.27

Selenastrum capricornutum Growth 96 hours 0.000 0.000 4670000.00 4905000.00 Pass Pass -5.03

Selenastrum capricornutum Growth 96 hours 0.000 0.050 4670000.00 5370000.00 Pass Pass -14.99

Selenastrum capricornutum Growth 96 hours 0.150 0.082 4670000.00 5226666.67 Pass Pass -11.92
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Ceriodaphnia dubia Reproduction 6-8 day 0.150 0.058 22.30 17.80 Fail Pass 20.18

Ceriodaphnia dubia Reproduction 6-8 day 0.150 0.096 28.63 34.75 Pass Pass -21.40

Ceriodaphnia dubia Reproduction 6-8 day 0.150 0.082 28.63 30.50 Pass Pass -6.55

Selenastrum capricornutum Growth 96 hours 0.150 0.050 6468000.00 6613000.00 Pass Pass -2.24

Selenastrum capricornutum Growth 96 hours 0.150 0.000 6468000.00 5883000.00 Pass Pass 9.04

Selenastrum capricornutum Growth 96 hours 0.150 0.096 6468000.00 6128000.00 Pass Pass 5.26

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.000 15.00 15.60 Pass Pass -4.00

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.000 15.00 21.40 Pass Pass -42.67

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.000 15.00 14.67 Pass Pass 2.22

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.171 15.00 20.30 Pass Pass -35.33

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.000 15.00 17.00 Pass Pass -13.33

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.050 15.00 19.00 Pass Pass -26.67

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.150 15.00 21.80 Pass Pass -45.33

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.100 24.90 15.70 Fail Fail 36.95

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.173 24.90 30.22 Pass Pass -21.37

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.000 24.90 24.60 Pass Pass 1.20

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.050 24.90 23.22 Pass Pass 6.74

Pimephales promelas Survival 7 day 0.000 0.050 95.25 95.00 Pass Pass 0.26

Pimephales promelas Survival 7 day 0.000 0.000 95.25 95.00 Pass Pass 0.26

Pimephales promelas Survival 7 day 0.000 0.000 95.25 90.00 Pass Pass 5.51

Pimephales promelas Survival 7 day 0.000 0.000 95.25 85.00 Pass Pass 10.76

Selenastrum capricornutum Growth 96 hours 0.000 0.000 4588000.00 4898000.00 Pass Pass -6.76

Selenastrum capricornutum Growth 96 hours 0.000 0.000 4588000.00 5368000.00 Pass Pass -17.00

Selenastrum capricornutum Growth 96 hours 0.000 0.000 4588000.00 5863000.00 Pass Pass -27.79

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.050 21.00 19.30 Pass Pass 8.10

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.000 19.88 16.56 Fail Pass 16.70

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.000 19.88 22.00 Pass Pass -10.69

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.058 19.88 27.44 Pass Pass -38.09

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.050 21.71 23.10 Pass Pass -6.38

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.000 21.71 20.60 Pass Pass 5.13
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Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.000 21.71 21.90 Pass Pass -0.86

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.000 21.71 17.11 Fail Pass 21.20

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.000 21.71 21.50 Pass Pass 0.99

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.100 21.71 21.00 Pass Pass 3.29

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.000 21.71 28.40 Pass Pass -30.79

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.000 21.71 25.80 Pass Pass -18.82

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.000 21.71 22.60 Pass Pass -4.08

Pimephales promelas Survival 7 day 0.050 0.000 90.25 85.75 Pass Pass 4.99

Pimephales promelas Survival 7 day 0.000 0.000 90.25 85.00 Pass Pass 5.82

Pimephales promelas Survival 7 day 0.000 0.238 90.25 88.00 Pass Pass 2.49

Pimephales promelas Survival 7 day 0.000 0.000 90.25 90.00 Pass Pass 0.28

Pimephales promelas Survival 7 day 0.000 0.231 90.25 82.50 Pass Pass 8.59

Pimephales promelas Survival 7 day 0.046 0.169 90.25 88.50 Pass Pass 1.94

Pimephales promelas Survival 7 day 0.046 0.046 90.25 87.75 Pass Pass 2.77

Pimephales promelas Survival 7 day 0.046 0.295 90.25 95.00 Pass Pass -5.26

Pimephales promelas Survival 7 day 0.046 0.096 90.25 87.75 Pass Pass 2.77

Selenastrum capricornutum Growth 96 hours 0.046 0.000 5310000.00 5665000.00 Pass Pass -6.69

Selenastrum capricornutum Growth 96 hours 0.000 0.000 5310000.00 5880000.00 Pass Pass -10.73

Selenastrum capricornutum Growth 96 hours 0.000 0.386 5310000.00 3040000.00 Fail Fail 42.75

Selenastrum capricornutum Growth 96 hours 0.000 0.250 5310000.00 3140000.00 Fail Fail 40.87

Selenastrum capricornutum Growth 96 hours 0.000 0.157 5310000.00 4940000.00 Pass Pass 6.97

Selenastrum capricornutum Growth 96 hours 0.044 0.050 5310000.00 5670000.00 Pass Pass -6.78

Selenastrum capricornutum Growth 96 hours 0.044 0.000 5310000.00 5250000.00 Pass Pass 1.13

Selenastrum capricornutum Growth 96 hours 0.044 0.000 5310000.00 5625000.00 Pass Pass -5.93

Selenastrum capricornutum Growth 96 hours 0.000 0.000 5310000.00 4260000.00 Pass Fail 19.77

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.000 25.80 31.10 Pass Pass -20.54

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.050 25.80 32.30 Pass Pass -25.19

Pimephales promelas Survival 7 day 0.000 0.000 100.00 93.00 Pass Pass 7.00

Pimephales promelas Survival 7 day 0.000 0.050 100.00 95.00 Pass Pass 5.00

Selenastrum capricornutum Growth 96 hours 0.000 0.050 4853000.00 2673000.00 Fail Fail 44.92
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Selenastrum capricornutum Growth 96 hours 0.000 0.050 4853000.00 5008000.00 Pass Pass -3.19

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.000 26.90 25.80 Pass Pass 4.09

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.000 26.90 23.60 Pass Pass 12.27

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.000 26.90 23.50 Pass Pass 12.64

Pimephales promelas Survival 7 day 0.000 0.050 92.50 100.00 Pass Pass -8.11

Pimephales promelas Survival 7 day 0.000 0.096 92.50 97.50 Pass Pass -5.41

Pimephales promelas Survival 7 day 0.058 0.050 92.50 97.50 Pass Pass -5.41

Selenastrum capricornutum Growth 96 hours 0.058 0.050 5245000.00 6840000.00 Pass Pass -30.41

Selenastrum capricornutum Growth 96 hours 0.058 0.050 5245000.00 6920000.00 Pass Pass -31.94

Selenastrum capricornutum Growth 96 hours 0.058 0.000 5245000.00 6075000.00 Pass Pass -15.82

Ceriodaphnia dubia Reproduction 6-8 day 0.058 0.000 16.10 10.70 Fail Fail 33.54

Ceriodaphnia dubia Reproduction 6-8 day 0.050 0.000 22.13 21.56 Pass Pass 2.57

Ceriodaphnia dubia Reproduction 6-8 day 0.050 0.000 21.50 13.10 Fail Fail 39.07

Ceriodaphnia dubia Reproduction 6-8 day 0.050 0.000 21.50 18.80 Pass Pass 12.56

Ceriodaphnia dubia Reproduction 6-8 day 0.050 0.000 21.50 13.44 Fail Fail 37.47

Ceriodaphnia dubia Reproduction 6-8 day 0.050 0.000 21.10 21.70 Pass Pass -2.84

Ceriodaphnia dubia Reproduction 6-8 day 0.050 0.000 21.10 22.00 Pass Pass -4.27

Ceriodaphnia dubia Reproduction 6-8 day 0.050 0.050 21.10 20.50 Pass Pass 2.84

Ceriodaphnia dubia Reproduction 6-8 day 0.050 0.050 21.10 18.80 Pass Pass 10.90

Ceriodaphnia dubia Reproduction 6-8 day 0.050 0.050 21.10 21.89 Pass Pass -3.74

Ceriodaphnia dubia Reproduction 6-8 day 0.050 0.000 21.67 17.63 Fail Pass 18.65

Ceriodaphnia dubia Reproduction 6-8 day 0.052 0.096 21.67 20.20 Pass Pass 6.77

Ceriodaphnia dubia Reproduction 6-8 day 0.052 0.082 21.67 13.10 Fail Fail 39.54

Ceriodaphnia dubia Reproduction 6-8 day 0.052 0.379 21.67 18.33 Pass Pass 15.38

Selenastrum capricornutum Growth 96 hours 0.052 0.000 6358000.00 5833000.00 Pass Fail 8.26

Pimephales promelas Survival 7 day 0.071 0.050 100.00 95.00 Pass Pass 5.00

Ceriodaphnia dubia Reproduction 6-8 day 0.071 0.141 26.38 28.13 Pass Pass -6.64

Ceriodaphnia dubia Reproduction 6-8 day 0.071 0.050 26.38 21.63 Pass Fail 18.01

Ceriodaphnia dubia Reproduction 6-8 day 0.035 0.000 23.20 25.10 Pass Pass -8.19

Ceriodaphnia dubia Reproduction 6-8 day 0.035 0.096 23.20 22.70 Pass Pass 2.16
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Ceriodaphnia dubia Reproduction 6-8 day 0.035 0.000 23.20 26.11 Pass Pass -12.55

Ceriodaphnia dubia Reproduction 6-8 day 0.035 0.050 23.20 26.50 Pass Pass -14.22

Ceriodaphnia dubia Reproduction 6-8 day 0.049 0.050 23.20 28.20 Pass Pass -21.55

Selenastrum capricornutum Growth 96 hours 0.049 0.050 7598000.00 6668000.00 Pass Pass 12.24

Selenastrum capricornutum Growth 96 hours 0.049 0.050 7598000.00 4933000.00 Fail Fail 35.08

Ceriodaphnia dubia Reproduction 6-8 day 0.053 0.100 29.00 38.20 Pass Pass -31.72

Ceriodaphnia dubia Reproduction 6-8 day 0.053 0.050 29.00 32.10 Pass Pass -10.69

Ceriodaphnia dubia Reproduction 6-8 day 0.053 0.050 29.00 34.30 Pass Pass -18.28

Ceriodaphnia dubia Reproduction 6-8 day 0.053 0.050 29.00 30.22 Pass Pass -4.21

Pimephales promelas Survival 7 day 0.053 0.058 97.50 100.00 Pass Pass -2.56

Pimephales promelas Survival 7 day 0.053 0.000 97.50 95.00 Pass Pass 2.56

Pimephales promelas Survival 7 day 0.064 0.058 97.50 97.50 Pass Pass 0.00

Pimephales promelas Survival 7 day 0.064 0.082 97.50 95.00 Pass Pass 2.56

Selenastrum capricornutum Growth 96 hours 0.000 0.050 5478000.00 5813000.00 Pass Pass -6.12

Selenastrum capricornutum Growth 96 hours 0.000 0.050 5478000.00 5968000.00 Pass Pass -8.94

Selenastrum capricornutum Growth 96 hours 0.000 0.050 5478000.00 6633000.00 Pass Pass -21.08

Selenastrum capricornutum Growth 96 hours 0.000 0.050 5478000.00 6018000.00 Pass Pass -9.86

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.050 21.30 24.43 Pass Pass -14.69

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.000 21.30 23.63 Pass Pass -10.92

Selenastrum capricornutum Growth 96 hours 0.050 0.050 4863000.00 3458000.00 Fail Fail 28.89

Ceriodaphnia dubia Reproduction 6-8 day 0.050 0.000 24.67 13.50 Fail Fail 45.27

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.050 24.67 15.11 Fail Fail 38.74

Pimephales promelas Survival 7 day 0.000 0.058 97.50 94.75 Pass Pass 2.82

Pimephales promelas Survival 7 day 0.150 0.093 97.50 95.00 Pass Pass 2.56

Pimephales promelas Survival 7 day 0.150 0.058 97.50 100.00 Pass Pass -2.56

Selenastrum capricornutum Growth 96 hours 0.150 0.058 4805000.00 6310000.00 Pass Pass -31.32

Selenastrum capricornutum Growth 96 hours 0.052 0.144 4805000.00 5635000.00 Pass Pass -17.27

Selenastrum capricornutum Growth 96 hours 0.052 0.115 4805000.00 5130000.00 Pass Pass -6.76

Selenastrum capricornutum Growth 96 hours 0.052 0.050 4805000.00 3655000.00 Fail Fail 23.93

Selenastrum capricornutum Growth 96 hours 0.050 0.141 4805000.00 5285000.00 Pass Pass -9.99
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TST Pass or

Fail
NOEC Pass or

Fail
Mean % Effect at

100% Sample

Ceriodaphnia dubia Reproduction 6-8 day 0.046 0.050 20.00 31.00 Pass Pass -55.00

Ceriodaphnia dubia Reproduction 6-8 day 0.046 0.050 20.00 23.80 Pass Pass -19.00

Ceriodaphnia dubia Reproduction 6-8 day 0.046 0.050 20.00 26.00 Pass Pass -30.00

Ceriodaphnia dubia Reproduction 6-8 day 0.050 0.096 20.00 35.10 Pass Pass -75.50

Ceriodaphnia dubia Reproduction 6-8 day 0.050 0.050 20.00 14.50 Fail Pass 27.50

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.050 20.00 16.00 Fail Pass 20.00

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.050 20.00 25.40 Pass Pass -27.00

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.050 20.00 25.71 Pass Pass -28.57

Pimephales promelas Survival 7 day 0.000 0.050 95.00 87.75 Pass Pass 7.63

Pimephales promelas Survival 7 day 0.000 0.000 95.00 95.00 Pass Pass 0.00

Pimephales promelas Survival 7 day 0.000 0.000 95.00 97.50 Pass Pass -2.63

Pimephales promelas Survival 7 day 0.000 0.000 95.00 87.50 Pass Pass 7.89

Pimephales promelas Survival 7 day 0.000 0.050 95.00 87.50 Pass Pass 7.89

Pimephales promelas Survival 7 day 0.050 0.096 95.00 80.00 Fail Pass 15.79

Pimephales promelas Survival 7 day 0.050 0.000 95.00 90.00 Pass Pass 5.26

Pimephales promelas Survival 7 day 0.000 0.050 95.00 92.50 Pass Pass 2.63

Selenastrum capricornutum Growth 96 hours 0.050 0.000 6155000.00 5635000.00 Pass Pass 8.45

Selenastrum capricornutum Growth 96 hours 0.050 0.000 6155000.00 7135000.00 Pass Pass -15.92

Selenastrum capricornutum Growth 96 hours 0.046 0.000 6155000.00 6495000.00 Pass Pass -5.52

Selenastrum capricornutum Growth 96 hours 0.046 0.000 6155000.00 7245000.00 Pass Pass -17.71

Selenastrum capricornutum Growth 96 hours 0.074 0.050 6155000.00 3420000.00 Fail Fail 44.44

Selenastrum capricornutum Growth 96 hours 0.074 0.337 6155000.00 4715000.00 Fail Fail 23.40

Selenastrum capricornutum Growth 96 hours 0.074 0.050 6155000.00 6405000.00 Pass Pass -4.06

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.050 22.30 26.40 Pass Pass -18.39

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.050 22.30 32.70 Pass Pass -46.64

Pimephales promelas Survival 7 day 0.000 0.212 97.50 100.00 Pass Pass -2.56

Pimephales promelas Survival 7 day 0.000 0.050 97.50 100.00 Pass Pass -2.56

Selenastrum capricornutum Growth 96 hours 0.058 0.183 6010000.00 6685000.00 Pass Pass -11.23

Selenastrum capricornutum Growth 96 hours 0.058 0.050 6010000.00 6300000.00 Pass Pass -4.83

Ceriodaphnia dubia Reproduction 6-8 day 0.058 0.000 26.80 27.30 Pass Pass -1.87
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Fail
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Mean % Effect at
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Ceriodaphnia dubia Reproduction 6-8 day 0.058 0.000 26.80 26.00 Pass Pass 2.99

Ceriodaphnia dubia Reproduction 6-8 day 0.058 0.000 26.80 26.60 Pass Pass 0.75

Ceriodaphnia dubia Reproduction 6-8 day 0.058 0.000 26.80 26.11 Pass Pass 2.57

Pimephales promelas Survival 7 day 0.058 0.000 97.50 95.00 Pass Pass 2.56

Pimephales promelas Survival 7 day 0.050 0.551 97.50 97.50 Pass Pass 0.00

Pimephales promelas Survival 7 day 0.050 0.058 97.50 85.00 Pass Pass 12.82

Pimephales promelas Survival 7 day 0.050 0.306 97.50 95.00 Pass Pass 2.56

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.208 27.40 25.50 Pass Pass 6.93

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.173 27.40 27.20 Pass Pass 0.73

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.115 27.40 26.90 Pass Pass 1.82

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.100 27.40 25.00 Pass Pass 8.76

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.100 27.40 27.25 Pass Pass 0.55

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.115 27.40 27.20 Pass Pass 0.73

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.153 27.40 29.00 Pass Pass -5.84

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.064 27.40 27.80 Pass Pass -1.46

Ceriodaphnia dubia Reproduction 6-8 day 0.050 0.000 27.40 22.90 Fail Pass 16.42

Ceriodaphnia dubia Reproduction 6-8 day 0.050 0.265 27.40 29.00 Pass Pass -5.84

Ceriodaphnia dubia Reproduction 6-8 day 0.050 0.000 27.40 20.44 Fail Fail 25.39

Pimephales promelas Survival 7 day 0.050 0.100 95.00 82.50 Pass Pass 13.16

Pimephales promelas Survival 7 day 0.000 0.058 95.00 77.50 Fail Pass 18.42

Pimephales promelas Survival 7 day 0.000 0.000 95.00 97.50 Pass Pass -2.63

Pimephales promelas Survival 7 day 0.000 0.173 95.00 92.50 Pass Pass 2.63

Pimephales promelas Survival 7 day 0.000 0.061 95.00 95.00 Pass Pass 0.00

Pimephales promelas Survival 7 day 0.000 0.061 95.00 100.00 Pass Pass -5.26

Pimephales promelas Survival 7 day 0.000 0.000 95.00 95.00 Pass Pass 0.00

Pimephales promelas Survival 7 day 0.000 0.034 95.00 92.00 Pass Pass 3.16

Pimephales promelas Survival 7 day 0.000 0.061 95.00 90.00 Pass Pass 5.26

Pimephales promelas Survival 7 day 0.050 0.000 95.00 85.00 Pass Pass 10.53

Pimephales promelas Survival 7 day 0.050 0.000 95.00 97.25 Pass Pass -2.37

Ceriodaphnia dubia Reproduction 6-8 day 0.050 0.058 19.30 28.10 Pass Pass -45.60
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Fail
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Fail
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Ceriodaphnia dubia Reproduction 6-8 day 0.050 0.000 19.30 32.50 Pass Pass -68.39

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.126 19.30 27.22 Pass Pass -41.05

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.082 19.30 26.50 Pass Pass -37.31

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.047 19.30 18.40 Pass Pass 4.66

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.157 19.30 30.88 Pass Pass -59.97

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.047 19.30 33.57 Pass Pass -73.95

Ceriodaphnia dubia Reproduction 6-8 day 0.050 0.115 19.30 28.44 Pass Pass -47.38

Pimephales promelas Survival 7 day 0.050 0.091 93.33 96.67 Pass Pass -3.57

Pimephales promelas Survival 7 day 0.091 0.082 93.33 100.00 Pass Pass -7.14

Pimephales promelas Survival 7 day 0.091 0.082 93.33 96.67 Pass Pass -3.57

Pimephales promelas Survival 7 day 0.055 0.173 93.33 96.67 Pass Pass -3.57

Pimephales promelas Survival 7 day 0.055 0.173 93.33 96.67 Pass Pass -3.57

Pimephales promelas Survival 7 day 0.055 0.116 93.33 93.33 Pass Pass 0.00

Pimephales promelas Survival 7 day 0.055 0.136 93.33 100.00 Pass Pass -7.14

Pimephales promelas Survival 7 day 0.055 0.063 93.33 96.67 Pass Pass -3.57

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.050 17.90 25.67 Pass Pass -43.39

Ceriodaphnia dubia Reproduction 6-8 day 0.050 0.050 17.90 15.30 Fail Pass 14.53

Ceriodaphnia dubia Reproduction 6-8 day 0.050 0.330 17.90 20.70 Pass Pass -15.64

Pimephales promelas Survival 7 day 0.050 0.000 95.00 97.50 Pass Pass -2.63

Pimephales promelas Survival 7 day 0.050 0.050 95.00 97.25 Pass Pass -2.37

Pimephales promelas Survival 7 day 0.050 0.050 95.00 100.00 Pass Pass -5.26

Ceriodaphnia dubia Reproduction 6-8 day 0.050 0.100 17.00 39.38 Pass Pass -131.62

Ceriodaphnia dubia Reproduction 6-8 day 0.050 0.096 17.00 41.00 Pass Pass -141.18

Pimephales promelas Survival 7 day 0.050 0.189 100.00 92.50 Pass Pass 7.50

Pimephales promelas Survival 7 day 0.050 0.129 100.00 85.00 Fail Pass 15.00

Pimephales promelas Survival 7 day 0.000 0.050 100.00 97.50 Pass Pass 2.50

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.050 16.10 23.80 Pass Pass -47.83

Ceriodaphnia dubia Reproduction 6-8 day 0.050 0.125 16.10 27.11 Pass Pass -68.39

Ceriodaphnia dubia Reproduction 6-8 day 0.050 0.222 16.10 26.50 Pass Pass -64.60

Pimephales promelas Survival 7 day 0.050 0.058 96.67 40.00 Fail Fail 58.62
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Pimephales promelas Survival 7 day 0.050 0.111 96.67 96.67 Pass Pass 0.00

Pimephales promelas Survival 7 day 0.050 0.061 96.67 100.00 Pass Pass -3.45

Pimephales promelas Survival 7 day 0.000 0.222 96.67 100.00 Pass Pass -3.45

Pimephales promelas Survival 7 day 0.000 0.129 96.67 96.67 Pass Pass 0.00

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.000 16.10 38.60 Pass Pass -139.75

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.245 16.10 44.00 Pass Pass -173.29

Pimephales promelas Survival 7 day 0.050 0.141 100.00 97.50 Pass Pass 2.50

Pimephales promelas Survival 7 day 0.050 0.169 100.00 92.50 Pass Pass 7.50

Pimephales promelas Survival 7 day 0.050 0.191 100.00 97.50 Pass Pass 2.50

Ceriodaphnia dubia Reproduction 6-8 day 0.050 0.058 19.20 20.20 Pass Pass -5.21

Ceriodaphnia dubia Reproduction 6-8 day 0.050 0.056 19.20 22.10 Pass Pass -15.10

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.330 19.20 24.40 Pass Pass -27.08

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.216 18.10 23.44 Pass Pass -29.53

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.050 18.10 12.11 Fail Fail 33.09

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.050 18.10 9.78 Fail Fail 45.98

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.115 18.10 9.78 Fail Fail 45.98

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.238 18.10 21.50 Pass Pass -18.78

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.287 18.10 25.22 Pass Pass -39.35

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.263 18.10 22.33 Pass Pass -23.39

Selenastrum capricornutum Growth 96 hours 0.000 0.359 4878000.00 2388000.00 Fail Fail 51.05

Selenastrum capricornutum Growth 96 hours 0.150 0.183 4878000.00 4348000.00 Pass Pass 10.87

Selenastrum capricornutum Growth 96 hours 0.150 0.129 4878000.00 1733000.00 Fail Pass 64.47

Selenastrum capricornutum Growth 96 hours 0.000 0.206 4878000.00 3903000.00 Pass Fail 19.99

Selenastrum capricornutum Growth 96 hours 0.000 0.115 4878000.00 4323000.00 Pass Pass 11.38

Selenastrum capricornutum Growth 96 hours 0.000 0.096 4878000.00 3033000.00 Fail Fail 37.82

Selenastrum capricornutum Growth 96 hours 0.000 0.150 4878000.00 3223000.00 Fail Fail 33.93

Selenastrum capricornutum Growth 96 hours 0.000 0.096 4878000.00 5568000.00 Pass Pass -14.15

Selenastrum capricornutum Growth 96 hours 0.189 0.129 4878000.00 3718000.00 Fail Fail 23.78

Selenastrum capricornutum Growth 96 hours 0.189 0.275 4878000.00 4538000.00 Pass Pass 6.97

Ceriodaphnia dubia Reproduction 6-8 day 0.046 0.129 16.30 31.80 Pass Pass -95.09
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Ceriodaphnia dubia Reproduction 6-8 day 0.046 0.096 34.40 27.20 Fail Fail 20.93

Ceriodaphnia dubia Reproduction 6-8 day 0.050 0.050 34.40 30.90 Pass Pass 10.17

Ceriodaphnia dubia Reproduction 6-8 day 0.050 0.226 34.40 33.40 Pass Pass 2.91

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.050 34.40 34.56 Pass Pass -0.45

Pimephales promelas Survival 7 day 0.000 0.100 95.00 70.00 Fail Fail 26.32

Pimephales promelas Survival 7 day 0.000 0.050 95.00 80.00 Fail Pass 15.79

Pimephales promelas Survival 7 day 0.000 0.096 95.00 85.00 Pass Pass 10.53

Pimephales promelas Survival 7 day 0.000 0.058 95.00 90.00 Pass Pass 5.26

Pimephales promelas Survival 7 day 0.000 0.171 95.00 75.00 Fail Fail 21.05

Pimephales promelas Survival 7 day 0.000 0.115 95.00 95.00 Pass Pass 0.00

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.211 25.50 21.70 Pass Fail 14.90

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.082 25.50 27.90 Pass Pass -9.41

Ceriodaphnia dubia Reproduction 6-8 day 0.050 0.219 25.50 22.30 Pass Fail 12.55

Ceriodaphnia dubia Reproduction 6-8 day 0.050 0.061 25.50 27.30 Pass Pass -7.06

Ceriodaphnia dubia Reproduction 6-8 day 0.050 0.129 25.50 26.50 Pass Pass -3.92

Ceriodaphnia dubia Reproduction 6-8 day 0.050 0.096 25.50 21.70 Pass Pass 14.90

Ceriodaphnia dubia Reproduction 6-8 day 0.050 0.206 25.50 22.33 Pass Fail 12.42

Ceriodaphnia dubia Reproduction 6-8 day 0.050 0.050 25.50 23.20 Pass Pass 9.02

Selenastrum capricornutum Growth 96 hours 0.050 0.050 4753000.00 3193000.00 Fail Fail 32.82

Selenastrum capricornutum Growth 96 hours 0.000 0.142 4753000.00 1938000.00 Fail Fail 59.23

Selenastrum capricornutum Growth 96 hours 0.000 0.263 4753000.00 2253000.00 Fail Fail 52.60

Selenastrum capricornutum Growth 96 hours 0.050 0.115 4753000.00 2873000.00 Fail Fail 39.55

Selenastrum capricornutum Growth 96 hours 0.050 0.050 4753000.00 3008000.00 Fail Fail 36.71

Selenastrum capricornutum Growth 96 hours 0.050 0.050 4753000.00 3798000.00 Fail Pass 20.09

Selenastrum capricornutum Growth 96 hours 0.050 0.111 4753000.00 3693000.00 Fail Fail 22.30

Ceriodaphnia dubia Reproduction 6-8 day 0.050 0.052 23.20 27.30 Pass Pass -17.67

Ceriodaphnia dubia Reproduction 6-8 day 0.050 0.050 23.20 28.40 Pass Pass -22.41

Ceriodaphnia dubia Reproduction 6-8 day 0.050 0.056 23.20 28.10 Pass Pass -21.12

Ceriodaphnia dubia Reproduction 6-8 day 0.050 0.419 23.20 24.30 Pass Pass -4.74

Ceriodaphnia dubia Reproduction 6-8 day 0.050 0.263 23.20 28.50 Pass Pass -22.84
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Ceriodaphnia dubia Reproduction 6-8 day 0.050 0.250 23.20 31.40 Pass Pass -35.34

Ceriodaphnia dubia Reproduction 6-8 day 0.050 0.400 23.20 28.20 Pass Pass -21.55

Ceriodaphnia dubia Reproduction 6-8 day 0.050 0.263 23.20 34.40 Pass Pass -48.28

Ceriodaphnia dubia Reproduction 6-8 day 0.050 0.082 23.20 25.89 Pass Pass -11.59

Pimephales promelas Survival 7 day 0.050 0.107 89.50 62.00 Fail Pass 30.73

Pimephales promelas Survival 7 day 0.046 0.492 89.50 79.25 Pass Fail 11.45

Pimephales promelas Survival 7 day 0.046 0.395 89.50 57.50 Fail Pass 35.75

Pimephales promelas Survival 7 day 0.046 0.223 89.50 64.50 Fail Pass 27.93

Pimephales promelas Survival 7 day 0.046 0.050 89.50 75.75 Pass Pass 15.36

Pimephales promelas Survival 7 day 0.050 0.141 89.50 75.00 Pass Pass 16.20

Pimephales promelas Survival 7 day 0.050 0.050 89.50 100.00 Pass Pass -11.73

Pimephales promelas Survival 7 day 0.050 0.098 89.50 75.75 Pass Pass 15.36

Pimephales promelas Survival 7 day 0.050 0.050 89.50 55.00 Fail Pass 38.55

Selenastrum capricornutum Growth 96 hours 0.050 0.000 6198000.00 5548000.00 Pass Fail 10.49

Selenastrum capricornutum Growth 96 hours 0.000 0.206 6198000.00 6433000.00 Pass Pass -3.79

Selenastrum capricornutum Growth 96 hours 0.000 0.283 6198000.00 3988000.00 Fail Fail 35.66

Selenastrum capricornutum Growth 96 hours 0.000 0.112 6198000.00 5908000.00 Pass Pass 4.68

Selenastrum capricornutum Growth 96 hours 0.000 0.095 6198000.00 5748000.00 Pass Pass 7.26

Selenastrum capricornutum Growth 96 hours 0.000 0.128 6198000.00 2053000.00 Fail Fail 66.88

Selenastrum capricornutum Growth 96 hours 0.050 0.175 6198000.00 3988000.00 Fail Fail 35.66

Selenastrum capricornutum Growth 96 hours 0.050 0.108 6198000.00 5458000.00 Pass Fail 11.94

Selenastrum capricornutum Growth 96 hours 0.050 0.050 6198000.00 5718000.00 Pass Pass 7.74

Ceriodaphnia dubia Reproduction 6-8 day 0.050 0.105 23.20 23.00 Pass Pass 0.86

Selenastrum capricornutum Growth 96 hours 0.050 0.189 5270000.00 3890000.00 Fail Fail 26.19

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.115 23.10 17.00 Fail Fail 26.41

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.050 23.10 24.56 Pass Pass -6.30

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.111 23.10 23.60 Pass Pass -2.16

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.048 23.10 18.00 Fail Fail 22.08

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.098 23.10 21.30 Pass Pass 7.79

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.408 23.10 23.40 Pass Pass -1.30
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Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.222 23.10 22.89 Pass Pass 0.91

Selenastrum capricornutum Growth 96 hours 0.000 0.332 4805000.00 4870000.00 Pass Pass -1.35

Selenastrum capricornutum Growth 96 hours 0.000 0.318 4805000.00 5630000.00 Pass Pass -17.17

Selenastrum capricornutum Growth 96 hours 0.058 0.440 4805000.00 5530000.00 Pass Pass -15.09

Selenastrum capricornutum Growth 96 hours 0.058 0.183 4805000.00 5955000.00 Pass Pass -23.93

Ceriodaphnia dubia Reproduction 6-8 day 0.058 0.222 18.20 21.60 Pass Pass -18.68

Ceriodaphnia dubia Reproduction 6-8 day 0.058 0.370 18.20 16.88 Pass Pass 7.28

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.300 18.20 12.40 Fail Fail 31.87

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.150 18.20 21.30 Pass Pass -17.03

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.129 18.20 18.90 Pass Pass -3.85

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.239 18.20 12.00 Fail Fail 34.07

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.150 18.20 9.40 Fail Fail 48.35

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.056 18.20 7.25 Fail Fail 60.16

Selenastrum capricornutum Growth 96 hours 0.000 0.055 6285000.00 5533333.33 Pass Pass 11.96

Selenastrum capricornutum Growth 96 hours 0.000 0.337 6285000.00 4240000.00 Fail Fail 32.54

Selenastrum capricornutum Growth 96 hours 0.000 0.050 6285000.00 4920000.00 Fail Fail 21.72

Selenastrum capricornutum Growth 96 hours 0.000 0.294 6285000.00 3960000.00 Fail Fail 36.99

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.061 28.89 31.80 Pass Pass -10.08

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.265 28.89 27.67 Pass Pass 4.23

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.226 28.89 27.40 Pass Pass 5.15

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.055 28.89 29.60 Pass Pass -2.46

Ceriodaphnia dubia Reproduction 6-8 day 0.061 0.097 28.89 28.60 Pass Pass 1.00

Ceriodaphnia dubia Reproduction 6-8 day 0.061 0.121 28.89 30.10 Pass Pass -4.19

Pimephales promelas Survival 7 day 0.061 0.091 95.00 90.00 Pass Pass 5.26

Pimephales promelas Survival 7 day 0.061 0.125 95.00 77.50 Fail Pass 18.42

Pimephales promelas Survival 7 day 0.061 0.055 95.00 100.00 Pass Pass -5.26

Pimephales promelas Survival 7 day 0.059 0.276 95.00 95.00 Pass Pass 0.00

Pimephales promelas Survival 7 day 0.059 0.140 95.00 90.00 Pass Pass 5.26

Pimephales promelas Survival 7 day 0.059 0.126 95.00 95.25 Pass Pass -0.26

Pimephales promelas Survival 7 day 0.059 0.066 95.00 92.50 Pass Pass 2.63
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Pimephales promelas Survival 7 day 0.059 0.059 95.00 72.50 Fail Pass 23.68

Ceriodaphnia dubia Reproduction 6-8 day 0.050 0.145 22.63 28.20 Pass Pass -24.64

Ceriodaphnia dubia Reproduction 6-8 day 0.050 0.118 22.63 28.00 Pass Pass -23.76

Ceriodaphnia dubia Reproduction 6-8 day 0.050 0.096 22.63 25.70 Pass Pass -13.59

Ceriodaphnia dubia Reproduction 6-8 day 0.050 0.091 22.63 18.00 Fail Pass 20.44

Ceriodaphnia dubia Reproduction 6-8 day 0.050 0.100 22.63 32.78 Pass Pass -44.87

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.096 22.63 33.30 Pass Pass -47.18

Pimephales promelas Survival 7 day 0.000 0.056 89.75 87.50 Pass Pass 2.51

Pimephales promelas Survival 7 day 0.000 0.105 89.75 77.50 Fail Pass 13.65

Pimephales promelas Survival 7 day 0.000 0.093 89.75 60.00 Fail Pass 33.15

Pimephales promelas Survival 7 day 0.000 0.000 89.75 87.50 Pass Pass 2.51

Pimephales promelas Survival 7 day 0.000 0.000 89.75 90.00 Pass Pass -0.28

Pimephales promelas Survival 7 day 0.000 0.147 89.75 97.50 Pass Pass -8.64

Selenastrum capricornutum Growth 96 hours 0.000 0.237 6073000.00 5503000.00 Pass Pass 9.39

Selenastrum capricornutum Growth 96 hours 0.000 0.058 6073000.00 6088000.00 Pass Pass -0.25

Selenastrum capricornutum Growth 96 hours 0.000 0.056 6073000.00 5503000.00 Pass Pass 9.39

Selenastrum capricornutum Growth 96 hours 0.050 0.129 6073000.00 4428000.00 Fail Fail 27.09

Selenastrum capricornutum Growth 96 hours 0.050 0.050 6073000.00 2443000.00 Fail Fail 59.77

Selenastrum capricornutum Growth 96 hours 0.050 0.096 6073000.00 3178000.00 Fail Fail 47.67

Ceriodaphnia dubia Reproduction 6-8 day 0.050 0.058 25.80 18.70 Fail Fail 27.52

Ceriodaphnia dubia Reproduction 6-8 day 0.050 0.050 25.80 8.80 Fail Fail 65.89

Ceriodaphnia dubia Reproduction 6-8 day 0.050 0.096 25.80 14.75 Fail Fail 42.83

Ceriodaphnia dubia Reproduction 6-8 day 0.050 0.058 25.80 14.10 Fail Fail 45.35

Ceriodaphnia dubia Reproduction 6-8 day 0.050 0.058 25.80 9.50 Fail Fail 63.18

Pimephales promelas Survival 7 day 0.050 0.141 87.50 90.00 Pass Pass -2.86

Pimephales promelas Survival 7 day 0.050 0.050 87.50 92.50 Pass Pass -5.71

Pimephales promelas Survival 7 day 0.189 0.050 87.50 100.00 Pass Pass -14.29

Pimephales promelas Survival 7 day 0.189 0.058 87.50 97.50 Pass Pass -11.43

Pimephales promelas Survival 7 day 0.189 0.250 87.50 60.00 Fail Pass 31.43

Ceriodaphnia dubia Reproduction 6-8 day 0.189 0.096 17.63 19.60 Pass Pass -11.21
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Pimephales promelas Survival 7 day 0.189 0.115 95.00 100.00 Pass Pass -5.26

Ceriodaphnia dubia Reproduction 6-8 day 0.189 0.238 20.89 26.60 Pass Pass -27.34

Ceriodaphnia dubia Reproduction 6-8 day 0.189 0.096 20.89 25.00 Pass Pass -19.68

Pimephales promelas Survival 7 day 0.050 0.050 97.50 90.00 Pass Pass 7.69

Pimephales promelas Survival 7 day 0.050 0.050 97.50 82.50 Fail Pass 15.38

Pimephales promelas Survival 7 day 0.050 0.058 97.50 90.50 Pass Pass 7.18

Pimephales promelas Survival 7 day 0.050 0.050 97.50 78.75 Fail Fail 19.23

Ceriodaphnia dubia Reproduction 6-8 day 0.050 0.050 31.25 24.57 Fail Fail 21.37

Ceriodaphnia dubia Reproduction 6-8 day 0.050 0.058 31.25 35.80 Pass Pass -14.56

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.058 31.25 33.30 Pass Pass -6.56

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.058 31.25 33.00 Pass Pass -5.60

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.058 31.25 32.10 Pass Pass -2.72

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.050 31.25 30.78 Pass Pass 1.51

Ceriodaphnia dubia Reproduction 6-8 day 0.000 0.058 31.25 34.10 Pass Pass -9.12

Selenastrum capricornutum Growth 96 hours 0.000 0.050 697200.00 5711850.00 Pass Pass -719.26

Selenastrum capricornutum Growth 96 hours 0.000 0.058 697200.00 225600.00 Fail Fail 67.64

Selenastrum capricornutum Growth 96 hours 0.000 0.171 697200.00 5746325.00 Pass Pass -724.20

Selenastrum capricornutum Growth 96 hours 0.000 0.058 697200.00 167350.00 Fail Fail 76.00

Selenastrum capricornutum Growth 96 hours 0.000 0.058 896350.00 2709700.00 Pass Pass -202.30

Selenastrum capricornutum Growth 96 hours 0.000 0.000 896350.00 3128650.00 Pass Pass -249.04

Selenastrum capricornutum Growth 96 hours 0.000 0.150 896350.00 2131725.00 Pass Pass -137.82

Selenastrum capricornutum Growth 96 hours 0.000 0.058 896350.00 3296825.00 Pass Pass -267.81

Selenastrum capricornutum Growth 96 hours 0.100 0.058 2416000.00 5187175.00 Pass Pass -114.70

Selenastrum capricornutum Growth 96 hours 0.100 0.058 2416000.00 210125.00 Fail Fail 91.30

Selenastrum capricornutum Growth 96 hours 0.100 0.058 2416000.00 5474825.00 Pass Pass -126.61

Selenastrum capricornutum Growth 96 hours 0.000 0.000 2416000.00 5873675.00 Pass Pass -143.12

Selenastrum capricornutum Growth 96 hours 0.000 0.000 4722800.00 7370025.00 Pass Pass -56.05

Selenastrum capricornutum Growth 96 hours 0.000 0.000 4722800.00 3867975.00 Pass Fail 18.10

Selenastrum capricornutum Growth 96 hours 0.000 0.000 4722800.00 6814225.00 Pass Pass -44.28

Selenastrum capricornutum Growth 96 hours 0.000 0.058 4722800.00 2514250.00 Fail Fail 46.76
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Selenastrum capricornutum Growth 96 hours 0.000 0.056 4722800.00 4214375.00 Pass Fail 10.77

Selenastrum capricornutum Growth 96 hours 0.000 0.056 3690950.00 3549750.00 Pass Pass 3.83

Selenastrum capricornutum Growth 96 hours 0.000 0.000 3690950.00 388750.00 Fail Fail 89.47

Selenastrum capricornutum Growth 96 hours 0.000 0.050 3690950.00 4068250.00 Pass Pass -10.22

Selenastrum capricornutum Growth 96 hours 0.000 0.000 3690950.00 249325.00 Fail Fail 93.24

Selenastrum capricornutum Growth 96 hours 0.000 0.050 3243700.00 1742425.00 Fail Fail 46.28

Selenastrum capricornutum Growth 96 hours 0.000 0.000 4169475.00 499725.00 Fail Fail 88.01

Selenastrum capricornutum Growth 96 hours 0.000 0.000 4169475.00 321200.00 Fail Fail 92.30

Selenastrum capricornutum Growth 96 hours 0.000 0.000 1439600.00 1860950.00 Pass Pass -29.27

Selenastrum capricornutum Growth 96 hours 0.050 0.000 2629375.00 2809975.00 Pass Pass -6.87

Selenastrum capricornutum Growth 96 hours 0.050 0.000 286825.00 882000.00 Pass Pass -207.50

Selenastrum capricornutum Growth 96 hours 0.050 0.000 286825.00 2355475.00 Pass Pass -721.22

Selenastrum capricornutum Growth 96 hours 0.050 0.000 286825.00 1100150.00 Pass Pass -283.56

Selenastrum capricornutum Growth 96 hours 28112.794 72596.074 286825.00 1029750.00 Pass Pass -259.02

Selenastrum capricornutum Growth 96 hours 29141.665 139220.721 320250.00 3063725.00 Pass Pass -856.67

Selenastrum capricornutum Growth 96 hours 29141.665 373049.309 320250.00 2843100.00 Pass Pass -787.78

Selenastrum capricornutum Growth 96 hours 29141.665 48791.085 320250.00 3133550.00 Pass Pass -878.47

Selenastrum capricornutum Growth 96 hours 29141.665 412974.974 320250.00 2740625.00 Pass Pass -755.78

Selenastrum capricornutum Growth 96 hours 15615.457 330900.700 260625.00 3015700.00 Pass Pass -1057.10

Selenastrum capricornutum Growth 96 hours 15615.457 171215.157 260625.00 4013850.00 Pass Pass -1440.09

Selenastrum capricornutum Growth 96 hours 15615.457 57802.847 260625.00 765075.00 Pass Pass -193.55

Selenastrum capricornutum Growth 96 hours 15615.457 148247.504 260625.00 3717425.00 Pass Pass -1326.35

Selenastrum capricornutum Growth 96 hours 15615.457 435255.246 260625.00 2808725.00 Pass Pass -977.69

Selenastrum capricornutum Growth 96 hours 27005.108 112796.110 368125.00 5623375.00 Pass Pass -1427.57

Selenastrum capricornutum Growth 96 hours 27005.108 174251.377 368125.00 5867575.00 Pass Pass -1493.91

Selenastrum capricornutum Growth 96 hours 27005.108 280249.869 368125.00 5752425.00 Pass Pass -1462.63

Selenastrum capricornutum Growth 96 hours 20459.126 252779.601 270525.00 4260000.00 Pass Pass -1474.72

Selenastrum capricornutum Growth 96 hours 20459.126 174230.104 270525.00 4388525.00 Pass Pass -1522.23

Selenastrum capricornutum Growth 96 hours 20459.126 275439.472 270525.00 4521125.00 Pass Pass -1571.24

Selenastrum capricornutum Growth 96 hours 20459.126 208816.546 270525.00 3164450.00 Pass Pass -1069.74
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Selenastrum capricornutum Growth 96 hours 20459.126 199322.576 270525.00 4405075.00 Pass Pass -1528.34

Selenastrum capricornutum Growth 96 hours 12798.177 191203.286 252500.00 4810850.00 Pass Pass -1805.29

Selenastrum capricornutum Growth 96 hours 12798.177 191521.267 252500.00 4978525.00 Pass Pass -1871.69

Selenastrum capricornutum Growth 96 hours 52651.876 506989.299 333400.00 5160475.00 Pass Pass -1447.83

Selenastrum capricornutum Growth 96 hours 52651.876 523695.443 333400.00 4843450.00 Pass Pass -1352.74

Selenastrum capricornutum Growth 96 hours 52651.876 160860.447 333400.00 4833950.00 Pass Pass -1349.90

Selenastrum capricornutum Growth 96 hours 52651.876 268150.443 333400.00 4558000.00 Pass Pass -1267.13

Selenastrum capricornutum Growth 96 hours 27532.935 198462.161 361575.00 1793425.00 Pass Pass -396.00

Selenastrum capricornutum Growth 96 hours 27532.935 160688.796 361575.00 3750175.00 Pass Pass -937.18

Selenastrum capricornutum Growth 96 hours 27532.935 570047.269 361575.00 3345575.00 Pass Pass -825.28

Selenastrum capricornutum Growth 96 hours 27532.935 316029.876 361575.00 3947525.00 Pass Pass -991.76

Selenastrum capricornutum Growth 96 hours 25977.089 369228.451 270925.00 3640475.00 Pass Pass -1243.72

Selenastrum capricornutum Growth 96 hours 25977.089 270119.042 270925.00 4532950.00 Pass Pass -1573.14

Selenastrum capricornutum Growth 96 hours 25977.089 217610.600 270925.00 3785400.00 Pass Pass -1297.21

Selenastrum capricornutum Growth 96 hours 25977.089 386787.159 270925.00 4226900.00 Pass Pass -1460.17

Selenastrum capricornutum Growth 96 hours 26422.276 85724.807 337250.00 3768175.00 Pass Pass -1017.32

Selenastrum capricornutum Growth 96 hours 26422.276 261658.518 337250.00 4523000.00 Pass Pass -1241.14

Selenastrum capricornutum Growth 96 hours 26422.276 201216.821 337250.00 3857575.00 Pass Pass -1043.83

Selenastrum capricornutum Growth 96 hours 26422.276 384748.605 337250.00 3224875.00 Pass Pass -856.23

Selenastrum capricornutum Growth 96 hours 26422.276 317840.750 337250.00 4639675.00 Pass Pass -1275.74

Selenastrum capricornutum Growth 96 hours 33222.420 173753.293 599225.00 5231600.00 Pass Pass -773.06

Selenastrum capricornutum Growth 96 hours 33222.420 193437.234 599225.00 5203350.00 Pass Pass -768.35

Selenastrum capricornutum Growth 96 hours 33222.420 111850.913 599225.00 1130700.00 Pass Pass -88.69

Selenastrum capricornutum Growth 96 hours 67685.081 435592.634 755273.00 1963434.50 Pass Pass -159.96

Selenastrum capricornutum Growth 96 hours 97323.391 432099.775 1142175.00 7910775.00 Pass Pass -592.61

Selenastrum capricornutum Growth 96 hours 97323.391 293567.452 1142175.00 7159875.00 Pass Pass -526.86

Selenastrum capricornutum Growth 96 hours 97323.391 251558.694 1142175.00 7204350.00 Pass Pass -530.76

Selenastrum capricornutum Growth 96 hours 97323.391 190213.222 1142175.00 7434650.00 Pass Pass -550.92

Selenastrum capricornutum Growth 96 hours 62665.355 134667.328 621100.00 5714525.00 Pass Pass -820.07

Selenastrum capricornutum Growth 96 hours 203542.565 667628.245 3019625.00 7499000.00 Pass Pass -148.34
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Selenastrum capricornutum Growth 96 hours 203542.565 93053.766 3019625.00 7398350.00 Pass Pass -145.01

Selenastrum capricornutum Growth 96 hours 203542.565 388341.073 3019625.00 6199225.00 Pass Pass -105.30

Selenastrum capricornutum Growth 96 hours 203542.565 57298.778 3019625.00 7051750.00 Pass Pass -133.53

Selenastrum capricornutum Growth 96 hours 136002.901 7301.370 1277675.00 40750.00 Fail Fail 96.81

Selenastrum capricornutum Growth 96 hours 136002.901 105658.897 1277675.00 4667575.00 Pass Pass -265.32

Selenastrum capricornutum Growth 96 hours 136002.901 56895.050 1277675.00 5254200.00 Pass Pass -311.23

Selenastrum capricornutum Growth 96 hours 136002.901 105734.648 1277675.00 6122825.00 Pass Pass -379.22

Selenastrum capricornutum Growth 96 hours 136002.901 192801.971 1277675.00 5228200.00 Pass Pass -309.20

Selenastrum capricornutum Growth 96 hours 67800.707 132370.802 1101375.00 3560025.00 Pass Pass -223.23

Selenastrum capricornutum Growth 96 hours 67800.707 111072.930 1101375.00 2364375.00 Pass Pass -114.67

Selenastrum capricornutum Growth 96 hours 67800.707 449844.820 1101375.00 5507425.00 Pass Pass -400.05

Selenastrum capricornutum Growth 96 hours 67800.707 283524.054 1101375.00 4301475.00 Pass Pass -290.55

Selenastrum capricornutum Growth 96 hours 51674.647 225289.508 874325.00 4267475.00 Pass Pass -388.09

Selenastrum capricornutum Growth 96 hours 51674.647 380743.623 874325.00 4936000.00 Pass Pass -464.55

Selenastrum capricornutum Growth 96 hours 51674.647 519457.848 874325.00 5287875.00 Pass Pass -504.80

Selenastrum capricornutum Growth 96 hours 51674.647 301200.824 874325.00 5103650.00 Pass Pass -483.72

Selenastrum capricornutum Growth 96 hours 51674.647 452067.461 874325.00 4320875.00 Pass Pass -394.20

Selenastrum capricornutum Growth 96 hours 32101.558 338098.265 580950.00 3863150.00 Pass Pass -564.97

Selenastrum capricornutum Growth 96 hours 32101.558 57657.061 580950.00 4190050.00 Pass Pass -621.24

Selenastrum capricornutum Growth 96 hours 32101.558 201315.209 580950.00 3505600.00 Pass Pass -503.43

Selenastrum capricornutum Growth 96 hours 32101.558 313186.340 580950.00 3655150.00 Pass Pass -529.17

Selenastrum capricornutum Growth 96 hours 33015.855 412322.927 432900.00 3392175.00 Pass Pass -683.59

Selenastrum capricornutum Growth 96 hours 33015.855 326133.024 432900.00 4501125.00 Pass Pass -939.76

Selenastrum capricornutum Growth 96 hours 33015.855 189198.703 432900.00 4426025.00 Pass Pass -922.41

Selenastrum capricornutum Growth 96 hours 33015.855 280227.491 432900.00 4725500.00 Pass Pass -991.59

Selenastrum capricornutum Growth 96 hours 33015.855 312237.458 432900.00 3951150.00 Pass Pass -812.72

Selenastrum capricornutum Growth 96 hours 15953.683 81714.518 537700.00 3882875.00 Pass Pass -622.13

Selenastrum capricornutum Growth 96 hours 12352.699 229666.933 287375.00 2576400.00 Pass Pass -796.53

Selenastrum capricornutum Growth 96 hours 12352.699 135747.864 287375.00 2167225.00 Pass Pass -654.15

Selenastrum capricornutum Growth 96 hours 12352.699 277451.189 287375.00 2247975.00 Pass Pass -682.24
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Selenastrum capricornutum Growth 96 hours 12352.699 121547.340 287375.00 1113875.00 Pass Pass -287.60

Selenastrum capricornutum Growth 96 hours 49264.955 252152.366 561225.00 2491525.00 Pass Pass -343.94

Selenastrum capricornutum Growth 96 hours 49264.955 110539.797 561225.00 2237700.00 Pass Pass -298.72

Selenastrum capricornutum Growth 96 hours 49264.955 327502.763 561225.00 4288800.00 Pass Pass -664.19

Selenastrum capricornutum Growth 96 hours 49264.955 480326.351 561225.00 4201250.00 Pass Pass -648.59

Selenastrum capricornutum Growth 96 hours 49264.955 350900.512 561225.00 4111875.00 Pass Pass -632.66

Selenastrum capricornutum Growth 96 hours 52853.280 636609.367 533225.00 2482400.00 Pass Pass -365.54

Selenastrum capricornutum Growth 96 hours 52853.280 113266.456 533225.00 3792750.00 Pass Pass -611.29

Selenastrum capricornutum Growth 96 hours 52853.280 257580.219 533225.00 3591475.00 Pass Pass -573.54

Selenastrum capricornutum Growth 96 hours 82896.602 160896.144 864900.00 1264875.00 Pass Pass -46.25

Selenastrum capricornutum Growth 96 hours 82896.602 348293.797 864900.00 3455325.00 Pass Pass -299.51

Selenastrum capricornutum Growth 96 hours 82896.602 294288.128 864900.00 3604625.00 Pass Pass -316.77

Selenastrum capricornutum Growth 96 hours 82896.602 176743.317 864900.00 3131900.00 Pass Pass -262.11

Selenastrum capricornutum Growth 96 hours 82896.602 174280.566 864900.00 2820525.00 Pass Pass -226.11

Selenastrum capricornutum Growth 96 hours 27027.147 317452.070 397300.00 3642050.00 Pass Pass -816.70

Selenastrum capricornutum Growth 96 hours 27027.147 396885.663 397300.00 3481375.00 Pass Pass -776.26

Selenastrum capricornutum Growth 96 hours 27027.147 120313.840 397300.00 1389000.00 Pass Pass -249.61

Selenastrum capricornutum Growth 96 hours 27027.147 135939.018 397300.00 3149250.00 Pass Pass -692.66

Selenastrum capricornutum Growth 96 hours 33279.073 262294.153 405950.00 3355325.00 Pass Pass -726.54

Selenastrum capricornutum Growth 96 hours 33279.073 64891.981 405950.00 4052625.00 Pass Pass -898.31

Selenastrum capricornutum Growth 96 hours 33279.073 313606.739 405950.00 3723200.00 Pass Pass -817.16

Selenastrum capricornutum Growth 96 hours 33279.073 204001.853 405950.00 3137625.00 Pass Pass -672.91

Selenastrum capricornutum Growth 96 hours 33279.073 221862.720 405950.00 3730800.00 Pass Pass -819.03

Selenastrum capricornutum Growth 96 hours 51639.931 45412.627 649175.00 4953700.00 Pass Pass -663.08

Selenastrum capricornutum Growth 96 hours 36939.714 270613.347 879525.00 4663250.00 Pass Pass -430.20

Selenastrum capricornutum Growth 96 hours 36939.714 410859.501 879525.00 4126625.00 Pass Pass -369.19

Selenastrum capricornutum Growth 96 hours 36939.714 359657.322 879525.00 3162175.00 Pass Pass -259.53

Selenastrum capricornutum Growth 96 hours 36939.714 207008.991 879525.00 4730225.00 Pass Pass -437.82

Selenastrum capricornutum Growth 96 hours 69336.180 179983.625 442649.00 2126259.50 Pass Pass -380.35

Selenastrum capricornutum Growth 96 hours 69336.180 122656.697 442649.00 1113488.00 Pass Pass -151.55
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Selenastrum capricornutum Growth 96 hours 69336.180 52509.485 442649.00 2217441.50 Pass Pass -400.95

Selenastrum capricornutum Growth 96 hours 69336.180 86649.829 442649.00 2256519.50 Pass Pass -409.78

Selenastrum capricornutum Growth 96 hours 89222.553 234558.441 471957.50 2347701.50 Pass Pass -397.44

Selenastrum capricornutum Growth 96 hours 89222.553 120563.822 471957.50 325415.00 Fail Fail 31.05

Selenastrum capricornutum Growth 96 hours 89222.553 85994.623 471957.50 1885278.50 Pass Pass -299.46

Selenastrum capricornutum Growth 96 hours 56278.752 81260.388 475214.00 2145798.50 Pass Pass -351.54

Selenastrum capricornutum Growth 96 hours 56278.752 40324.535 475214.00 1390290.50 Pass Pass -192.56

Selenastrum capricornutum Growth 96 hours 38896.663 56654.365 530574.50 1123257.50 Pass Pass -111.71

Selenastrum capricornutum Growth 96 hours 38896.663 96895.697 530574.50 2038334.00 Pass Pass -284.17

Selenastrum capricornutum Growth 96 hours 38896.663 83407.096 530574.50 846455.00 Pass Pass -59.54

Selenastrum capricornutum Growth 96 hours 38896.663 132145.972 530574.50 1370751.50 Pass Pass -158.35

Selenastrum capricornutum Growth 96 hours 31008.082 251910.851 494753.00 1816892.00 Pass Pass -267.23

Selenastrum capricornutum Growth 96 hours 31008.082 89222.553 494753.00 1474959.50 Pass Pass -198.12

Selenastrum capricornutum Growth 96 hours 31008.082 112243.010 494753.00 2080668.50 Pass Pass -320.55

Selenastrum capricornutum Growth 96 hours 75580.739 55264.638 1133027.00 1230722.00 Pass Pass -8.62

Selenastrum capricornutum Growth 96 hours 75580.739 50309.148 1133027.00 1084179.50 Pass Pass 4.31

Selenastrum capricornutum Growth 96 hours 75580.739 179393.449 1133027.00 1693145.00 Pass Pass -49.44

Selenastrum capricornutum Growth 96 hours 75580.739 156085.690 1133027.00 1709427.50 Pass Pass -50.87

Selenastrum capricornutum Growth 96 hours 70046.298 48155.110 1220952.50 1172105.00 Pass Pass 4.00

Selenastrum capricornutum Growth 96 hours 70046.298 695428.606 1220952.50 1592193.50 Pass Pass -30.41

Selenastrum capricornutum Growth 96 hours 70046.298 102290.738 1220952.50 2670095.00 Pass Pass -118.69

Selenastrum capricornutum Growth 96 hours 61097.356 211380.048 1061384.00 2416088.00 Pass Pass -127.64

Selenastrum capricornutum Growth 96 hours 61097.356 390128.156 1061384.00 1758275.00 Pass Pass -65.66

Selenastrum capricornutum Growth 96 hours 61097.356 249966.870 1061384.00 2940384.50 Pass Pass -177.03

Selenastrum capricornutum Growth 96 hours 61097.356 87945.600 1061384.00 778068.50 Fail Fail 26.69

Selenastrum capricornutum Growth 96 hours 71346.340 160021.993 1374008.00 2425857.50 Pass Pass -76.55

Selenastrum capricornutum Growth 96 hours 69742.847 118433.970 488240.00 1334930.00 Pass Pass -173.42

Selenastrum capricornutum Growth 96 hours 69742.847 630685.776 488240.00 2015538.50 Pass Pass -312.82

Selenastrum capricornutum Growth 96 hours 69742.847 250447.222 488240.00 1706171.00 Pass Pass -249.45

Selenastrum capricornutum Growth 96 hours 69742.847 46815.137 488240.00 641295.50 Pass Pass -31.35
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Selenastrum capricornutum Growth 96 hours 41191.829 117655.382 527318.00 1318647.50 Pass Pass -150.07

Selenastrum capricornutum Growth 96 hours 41191.829 19539.000 527318.00 413340.50 Pass Fail 21.61

Selenastrum capricornutum Growth 96 hours 41191.829 152465.421 527318.00 1002767.00 Pass Pass -90.16

Selenastrum capricornutum Growth 96 hours 41191.829 16816.494 527318.00 338441.00 Fail Fail 35.82

Selenastrum capricornutum Growth 96 hours 107151.552 131770.937 507779.00 794351.00 Pass Pass -56.44

Selenastrum capricornutum Growth 96 hours 107151.552 227458.230 507779.00 1266543.50 Pass Pass -149.43

Selenastrum capricornutum Growth 96 hours 107151.552 106887.306 507779.00 1308878.00 Pass Pass -157.77

Selenastrum capricornutum Growth 96 hours 65021.359 149468.265 576165.50 1784327.00 Pass Pass -209.69

Selenastrum capricornutum Growth 96 hours 65021.359 74828.673 576165.50 1523807.00 Pass Pass -164.47

Selenastrum capricornutum Growth 96 hours 114240.817 83067.351 621756.50 1217696.00 Pass Pass -95.85

Selenastrum capricornutum Growth 96 hours 114240.817 93630.274 621756.50 898559.00 Pass Pass -44.52

Selenastrum capricornutum Growth 96 hours 114240.817 150927.445 621756.50 2223954.50 Pass Pass -257.69

Selenastrum capricornutum Growth 96 hours 38347.506 90871.328 527318.00 2546348.00 Pass Pass -382.89

Selenastrum capricornutum Growth 96 hours 38347.506 128070.600 527318.00 2012282.00 Pass Pass -281.61

Selenastrum capricornutum Growth 96 hours 38347.506 99983.920 527318.00 2184876.50 Pass Pass -314.34

Selenastrum capricornutum Growth 96 hours 68412.340 170295.543 478470.50 2595195.50 Pass Pass -442.39

Selenastrum capricornutum Growth 96 hours 68412.340 115042.517 478470.50 1139540.00 Pass Pass -138.16

Selenastrum capricornutum Growth 96 hours 68412.340 103390.670 478470.50 625013.00 Pass Pass -30.63

Selenastrum capricornutum Growth 96 hours 68412.340 115226.733 478470.50 3389781.50 Pass Pass -608.46

Selenastrum capricornutum Growth 96 hours 68412.340 60516.017 478470.50 973458.50 Pass Pass -103.45

Selenastrum capricornutum Growth 96 hours 96895.697 306964.353 1217696.00 3236726.00 Pass Pass -165.81

Selenastrum capricornutum Growth 96 hours 96895.697 444588.785 1217696.00 2751507.50 Pass Pass -125.96

Selenastrum capricornutum Growth 96 hours 96895.697 203020.424 1217696.00 2855715.50 Pass Pass -134.52

Selenastrum capricornutum Growth 96 hours 96895.697 53178.422 1217696.00 1803866.00 Pass Pass -48.14

Selenastrum capricornutum Growth 96 hours 19539.000 51006.951 882276.50 475214.00 Fail Fail 46.14

Selenastrum capricornutum Growth 96 hours 19539.000 153528.233 882276.50 2035077.50 Pass Pass -130.66

Selenastrum capricornutum Growth 96 hours 19539.000 298628.922 882276.50 2731968.50 Pass Pass -209.65

Selenastrum capricornutum Growth 96 hours 174883.449 61097.356 914841.50 3210674.00 Pass Pass -250.95

Selenastrum capricornutum Growth 96 hours 174883.449 157752.694 914841.50 1282826.00 Pass Pass -40.22

Selenastrum capricornutum Growth 96 hours 174883.449 294168.497 914841.50 3119492.00 Pass Pass -240.99



TST Test Drive 12/13/2011

101

Test Species Endpoint Duration Control SD Sample SD Control Mean Sample Mean
TST Pass or

Fail
NOEC Pass or

Fail
Mean % Effect at

100% Sample

Selenastrum capricornutum Growth 96 hours 174883.449 141248.537 914841.50 2354214.50 Pass Pass -157.34

Selenastrum capricornutum Growth 96 hours 38896.663 87056.829 237489.50 657578.00 Pass Pass -176.89

Selenastrum capricornutum Growth 96 hours 38896.663 144416.382 237489.50 2230467.50 Pass Pass -839.19

Selenastrum capricornutum Growth 96 hours 38896.663 41703.548 237489.50 823659.50 Pass Pass -246.82

Selenastrum capricornutum Growth 96 hours 45123.388 37414.337 331928.00 660834.50 Pass Pass -99.09

Selenastrum capricornutum Growth 96 hours 45123.388 40324.535 331928.00 693399.50 Pass Pass -108.90

Selenastrum capricornutum Growth 96 hours 45123.388 204131.731 331928.00 2061129.50 Pass Pass -520.96

Selenastrum capricornutum Growth 96 hours 45123.388 65021.359 331928.00 647808.50 Pass Pass -95.17

Selenastrum capricornutum Growth 96 hours 62470.501 97477.658 351467.00 1113488.00 Pass Pass -216.81

Selenastrum capricornutum Growth 96 hours 62470.501 43038.398 351467.00 660834.50 Pass Pass -88.02

Selenastrum capricornutum Growth 96 hours 62470.501 102773.406 351467.00 1331673.50 Pass Pass -278.89

Selenastrum capricornutum Growth 96 hours 62470.501 72428.152 351467.00 582678.50 Pass Pass -65.78

Selenastrum capricornutum Growth 96 hours 31008.572 132999.224 559882.75 1136283.50 Pass Pass -102.95

Selenastrum capricornutum Growth 96 hours 31008.572 56779.018 559882.75 234233.00 Fail Fail 58.16

Selenastrum capricornutum Growth 96 hours 31008.572 16390.691 559882.75 413340.50 Fail Fail 26.17

Selenastrum capricornutum Growth 96 hours 31008.572 88586.377 559882.75 602217.50 Pass Pass -7.56

Selenastrum capricornutum Growth 96 hours 44333.075 59574.076 452418.50 602217.50 Pass Pass -33.11

Selenastrum capricornutum Growth 96 hours 44333.075 12471.446 452418.50 55125.50 Fail Fail 87.82

Selenastrum capricornutum Growth 96 hours 44333.075 128950.821 452418.50 1543346.00 Pass Pass -241.13

Selenastrum capricornutum Growth 96 hours 79856.215 78876.182 413340.50 670603.75 Pass Pass -62.24

Selenastrum capricornutum Growth 96 hours 79856.215 70948.865 413340.50 664091.00 Pass Pass -60.66

Selenastrum capricornutum Growth 96 hours 79856.215 10635.684 413340.50 331928.00 Fail Pass 19.70

Selenastrum capricornutum Growth 96 hours 79856.215 103868.227 413340.50 602217.50 Pass Pass -45.70

Selenastrum capricornutum Growth 96 hours 43202.355 71643.000 598961.00 647808.50 Pass Pass -8.16

Selenastrum capricornutum Growth 96 hours 43202.355 93024.247 598961.00 1093949.00 Pass Pass -82.64

Selenastrum capricornutum Growth 96 hours 43202.355 68515.604 598961.00 416597.00 Fail Fail 30.45

Selenastrum capricornutum Growth 96 hours 84669.000 166134.702 608730.50 1035332.00 Pass Pass -70.08

Selenastrum capricornutum Growth 96 hours 84669.000 86731.382 608730.50 742247.00 Pass Pass -21.93

Selenastrum capricornutum Growth 96 hours 84669.000 54621.256 608730.50 1520550.50 Pass Pass -149.79

Selenastrum capricornutum Growth 96 hours 137185.901 102290.738 771555.50 937637.00 Pass Pass -21.53
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Selenastrum capricornutum Growth 96 hours 137185.901 62357.228 771555.50 1650810.50 Pass Pass -113.96

Selenastrum capricornutum Growth 96 hours 137185.901 118910.567 771555.50 1165592.00 Pass Pass -51.07

Selenastrum capricornutum Growth 96 hours 74734.133 118910.567 686886.50 1178618.00 Pass Pass -71.59

Selenastrum capricornutum Growth 96 hours 74734.133 68515.604 686886.50 690143.00 Pass Pass -0.47

Selenastrum capricornutum Growth 96 hours 74734.133 151348.443 686886.50 1471703.00 Pass Pass -114.26

Selenastrum capricornutum Growth 96 hours 74734.133 70046.298 686886.50 758529.50 Pass Pass -10.43

Selenastrum capricornutum Growth 96 hours 67685.081 100548.008 364493.00 1084179.50 Pass Pass -197.45

Selenastrum capricornutum Growth 96 hours 67685.081 90559.590 364493.00 1028819.00 Pass Pass -182.26

Selenastrum capricornutum Growth 96 hours 67685.081 43202.355 364493.00 1120001.00 Pass Pass -207.28

Selenastrum capricornutum Growth 96 hours 67685.081 81347.344 364493.00 807377.00 Pass Pass -121.51

Selenastrum capricornutum Growth 96 hours 52509.485 32565.000 361236.50 836685.50 Pass Pass -131.62

Selenastrum capricornutum Growth 96 hours 52509.485 57275.217 361236.50 983228.50 Pass Pass -172.18

Selenastrum capricornutum Growth 96 hours 52509.485 118910.567 361236.50 631526.00 Pass Pass -74.82

Selenastrum capricornutum Growth 96 hours 52509.485 75580.739 361236.50 1015793.00 Pass Pass -181.20

Selenastrum capricornutum Growth 96 hours 38347.506 59216.985 384032.00 1360982.00 Pass Pass -254.39

Selenastrum capricornutum Growth 96 hours 38347.506 169170.918 384032.00 1725710.00 Pass Pass -349.37

Selenastrum capricornutum Growth 96 hours 38347.506 237345.016 384032.00 1947152.00 Pass Pass -407.03

Selenastrum capricornutum Growth 96 hours 38347.506 51421.087 384032.00 1364238.50 Pass Pass -255.24

Selenastrum capricornutum Growth 96 hours 97695.000 123116.949 498009.50 1725710.00 Pass Pass -246.52

Selenastrum capricornutum Growth 96 hours 114796.437 398731.796 677117.00 2357471.00 Pass Pass -248.16

Selenastrum capricornutum Growth 96 hours 140495.741 398731.796 598961.00 2357471.00 Pass Pass -293.59

Selenastrum capricornutum Growth 96 hours 63257.740 398731.796 511035.50 2357471.00 Pass Pass -361.31

Selenastrum capricornutum Growth 96 hours 114796.437 59216.985 677117.00 1256774.00 Pass Pass -85.61

Selenastrum capricornutum Growth 96 hours 140495.741 59216.985 598961.00 1256774.00 Pass Pass -109.83

Selenastrum capricornutum Growth 96 hours 63257.740 59216.985 511035.50 1256774.00 Pass Pass -145.93

Selenastrum capricornutum Growth 96 hours 114796.437 404575.621 677117.00 1413086.00 Pass Pass -108.69

Selenastrum capricornutum Growth 96 hours 140495.741 404575.621 598961.00 1413086.00 Pass Pass -135.92

Selenastrum capricornutum Growth 96 hours 63257.740 404575.621 511035.50 1413086.00 Pass Pass -176.51

Selenastrum capricornutum Growth 96 hours 114796.437 384708.306 677117.00 1331673.50 Pass Pass -96.67

Selenastrum capricornutum Growth 96 hours 140495.741 384708.306 598961.00 1331673.50 Pass Pass -122.33
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Selenastrum capricornutum Growth 96 hours 63257.740 384708.306 511035.50 1331673.50 Pass Pass -160.58

Selenastrum capricornutum Growth 96 hours 114796.437 135943.437 677117.00 1429368.50 Pass Pass -111.10

Selenastrum capricornutum Growth 96 hours 140495.741 135943.437 598961.00 1429368.50 Pass Pass -138.64

Selenastrum capricornutum Growth 96 hours 63257.740 135943.437 511035.50 1429368.50 Pass Pass -179.70

Selenastrum capricornutum Growth 96 hours 114796.437 34257.802 677117.00 1487985.50 Pass Pass -119.75

Selenastrum capricornutum Growth 96 hours 140495.741 34257.802 598961.00 1487985.50 Pass Pass -148.43

Selenastrum capricornutum Growth 96 hours 63257.740 34257.802 511035.50 1487985.50 Pass Pass -191.17

Selenastrum capricornutum Growth 96 hours 114796.437 354883.802 677117.00 1357725.50 Pass Pass -100.52

Selenastrum capricornutum Growth 96 hours 140495.741 354883.802 598961.00 1357725.50 Pass Pass -126.68

Selenastrum capricornutum Growth 96 hours 63257.740 354883.802 511035.50 1357725.50 Pass Pass -165.68

Selenastrum capricornutum Growth 96 hours 114796.437 133423.803 677117.00 1930869.50 Pass Pass -185.16

Selenastrum capricornutum Growth 96 hours 140495.741 133423.803 598961.00 1930869.50 Pass Pass -222.37

Selenastrum capricornutum Growth 96 hours 63257.740 133423.803 511035.50 1930869.50 Pass Pass -277.83

Selenastrum capricornutum Growth 96 hours 114796.437 358846.008 677117.00 2223954.50 Pass Pass -228.44

Selenastrum capricornutum Growth 96 hours 140495.741 358846.008 598961.00 2223954.50 Pass Pass -271.30

Selenastrum capricornutum Growth 96 hours 63257.740 358846.008 511035.50 2223954.50 Pass Pass -335.19

Selenastrum capricornutum Growth 96 hours 114796.437 161648.409 677117.00 722708.00 Pass Pass -6.73

Selenastrum capricornutum Growth 96 hours 140495.741 161648.409 598961.00 722708.00 Pass Pass -20.66

Selenastrum capricornutum Growth 96 hours 63257.740 161648.409 511035.50 722708.00 Pass Pass -41.42

Selenastrum capricornutum Growth 96 hours 43852.050 139890.588 514292.00 813890.00 Pass Pass -58.25

Selenastrum capricornutum Growth 96 hours 43852.050 224486.019 514292.00 1054871.00 Pass Pass -105.11

Selenastrum capricornutum Growth 96 hours 43852.050 99416.630 514292.00 1286082.50 Pass Pass -150.07

Selenastrum capricornutum Growth 96 hours 65021.359 275092.344 471957.50 1921100.00 Pass Pass -307.05

Selenastrum capricornutum Growth 96 hours 65021.359 197083.280 471957.50 1546602.50 Pass Pass -227.70

Selenastrum capricornutum Growth 96 hours 65021.359 334538.350 471957.50 2074155.50 Pass Pass -339.48

Selenastrum capricornutum Growth 96 hours 65021.359 84669.000 471957.50 686886.50 Pass Pass -45.54

Selenastrum capricornutum Growth 96 hours 76232.711 132413.204 361236.50 2233724.00 Pass Pass -518.36

Selenastrum capricornutum Growth 96 hours 76232.711 200391.650 361236.50 1882022.00 Pass Pass -420.99

Selenastrum capricornutum Growth 96 hours 76232.711 176212.462 361236.50 2344445.00 Pass Pass -549.01

Selenastrum capricornutum Growth 96 hours 76232.711 130476.919 361236.50 403571.00 Pass Pass -11.72
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Selenastrum capricornutum Growth 96 hours 76232.711 88984.520 361236.50 774812.00 Pass Pass -114.49

Selenastrum capricornutum Growth 96 hours 35870.807 43038.398 374262.50 940893.50 Pass Pass -151.40

Selenastrum capricornutum Growth 96 hours 35870.807 83322.290 374262.50 1833174.50 Pass Pass -389.81

Selenastrum capricornutum Growth 96 hours 35870.807 81694.242 374262.50 696656.00 Pass Pass -86.14

Selenastrum capricornutum Growth 96 hours 35870.807 69742.847 374262.50 592448.00 Pass Pass -58.30

Selenastrum capricornutum Growth 96 hours 31008.082 170627.341 260285.00 1891791.50 Pass Pass -626.82

Selenastrum capricornutum Growth 96 hours 31008.082 106622.405 260285.00 1680119.00 Pass Pass -545.49

Selenastrum capricornutum Growth 96 hours 31008.082 192436.833 260285.00 1442394.50 Pass Pass -454.16

Selenastrum capricornutum Growth 96 hours 31008.082 258230.389 260285.00 2109977.00 Pass Pass -710.64

Selenastrum capricornutum Growth 96 hours 126459.585 64694.343 953919.50 1191644.00 Pass Pass -24.92

Selenastrum capricornutum Growth 96 hours 126459.585 32565.000 953919.50 986484.50 Pass Pass -3.41

Selenastrum capricornutum Growth 96 hours 126459.585 248150.143 953919.50 1481472.50 Pass Pass -55.30

Selenastrum capricornutum Growth 96 hours 126459.585 102290.738 953919.50 755273.00 Fail Fail 20.82

Selenastrum capricornutum Growth 96 hours 80561.361 12471.446 888789.50 628269.50 Fail Fail 29.31

Selenastrum capricornutum Growth 96 hours 80561.361 295702.633 888789.50 1751762.00 Pass Pass -97.10

Selenastrum capricornutum Growth 96 hours 80561.361 24942.891 888789.50 507779.00 Fail Fail 42.87

Selenastrum capricornutum Growth 96 hours 80561.361 12471.446 888789.50 543600.50 Fail Fail 38.84

Selenastrum capricornutum Growth 96 hours 80561.361 97695.000 888789.50 830172.50 Pass Pass 6.60

Selenastrum capricornutum Growth 96 hours 158824.639 295774.350 722708.00 862737.50 Pass Pass -19.38

Selenastrum capricornutum Growth 96 hours 158824.639 160375.048 722708.00 1129770.50 Pass Pass -56.32

Selenastrum capricornutum Growth 96 hours 158824.639 89222.553 722708.00 289593.50 Fail Fail 59.93

Selenastrum capricornutum Growth 96 hours 158824.639 107678.098 722708.00 1484729.00 Pass Pass -105.44

Selenastrum capricornutum Growth 96 hours 40499.480 38896.663 403571.00 758529.50 Pass Pass -87.95

Selenastrum capricornutum Growth 96 hours 40499.480 63257.740 403571.00 439392.50 Pass Pass -8.88

Selenastrum capricornutum Growth 96 hours 40499.480 205512.415 403571.00 1168848.50 Pass Pass -189.63

Selenastrum capricornutum Growth 96 hours 40499.480 119562.787 403571.00 1396803.50 Pass Pass -246.11

Selenastrum capricornutum Growth 96 hours 40499.480 332333.231 403571.00 921354.50 Pass Pass -128.30

Selenastrum capricornutum Growth 96 hours 90481.488 16816.494 478470.50 651065.00 Pass Pass -36.07

Selenastrum capricornutum Growth 96 hours 90481.488 154629.465 478470.50 940893.50 Pass Pass -96.65

Selenastrum capricornutum Growth 96 hours 90481.488 163518.244 478470.50 973458.50 Pass Pass -103.45
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Selenastrum capricornutum Growth 96 hours 90481.488 76232.711 478470.50 810633.50 Pass Pass -69.42

Selenastrum capricornutum Growth 96 hours 90481.488 88984.520 478470.50 931124.00 Pass Pass -94.60

Selenastrum capricornutum Growth 96 hours 57644.036 12471.446 367749.50 706425.50 Pass Pass -92.09

Selenastrum capricornutum Growth 96 hours 57644.036 156085.690 367749.50 1227465.50 Pass Pass -233.78

Selenastrum capricornutum Growth 96 hours 57644.036 54750.537 367749.50 507779.00 Pass Pass -38.08

Selenastrum capricornutum Growth 96 hours 57644.036 109759.027 367749.50 1054871.00 Pass Pass -186.84

Selenastrum capricornutum Growth 96 hours 55264.638 155040.411 592448.00 1067897.00 Pass Pass -80.25

Selenastrum capricornutum Growth 96 hours 55264.638 116992.381 592448.00 996254.25 Pass Pass -68.16

Selenastrum capricornutum Growth 96 hours 55264.638 41703.548 592448.00 1442394.50 Pass Pass -143.46

Selenastrum capricornutum Growth 96 hours 55264.638 37602.823 592448.00 1693145.00 Pass Pass -185.79

Selenastrum capricornutum Growth 96 hours 144660.949 180650.161 800864.00 2904563.00 Pass Pass -262.68

Selenastrum capricornutum Growth 96 hours 144660.949 184981.431 800864.00 611987.00 Fail Pass 23.58

Selenastrum capricornutum Growth 96 hours 53707.574 48155.110 260285.00 651065.00 Pass Pass -150.14

Selenastrum capricornutum Growth 96 hours 53707.574 109501.074 260285.00 1439138.00 Pass Pass -452.91

Selenastrum capricornutum Growth 96 hours 53707.574 82726.211 260285.00 1159079.00 Pass Pass -345.31

Selenastrum capricornutum Growth 96 hours 53707.574 59216.985 260285.00 1217696.00 Pass Pass -367.83

Selenastrum capricornutum Growth 96 hours 53707.574 57644.036 260285.00 732477.50 Pass Pass -181.41

Selenastrum capricornutum Growth 96 hours 58617.000 90559.590 458931.50 833429.00 Pass Pass -81.60

Selenastrum capricornutum Growth 96 hours 58617.000 132199.462 458931.50 1159079.00 Pass Pass -152.56

Selenastrum capricornutum Growth 96 hours 58617.000 33632.987 458931.50 540344.00 Pass Pass -17.74

Selenastrum capricornutum Growth 96 hours 58617.000 55647.096 458931.50 673860.50 Pass Pass -46.83

Selenastrum capricornutum Growth 96 hours 10635.684 125110.644 514292.00 1233978.50 Pass Pass -139.94

Selenastrum capricornutum Growth 96 hours 10635.684 79944.698 514292.00 1237235.00 Pass Pass -140.57

Selenastrum capricornutum Growth 96 hours 10635.684 43038.398 514292.00 1214439.50 Pass Pass -136.14

Selenastrum capricornutum Growth 96 hours 10635.684 93630.274 514292.00 1549859.00 Pass Pass -201.36

Selenastrum capricornutum Growth 96 hours 87300.119 193791.394 354723.50 1152566.00 Pass Pass -224.92

Selenastrum capricornutum Growth 96 hours 87300.119 145829.158 354723.50 1113488.00 Pass Pass -213.90

Selenastrum capricornutum Growth 96 hours 197114.956 302224.189 1380267.50 1345760.50 Pass Pass 2.50

Selenastrum capricornutum Growth 96 hours 197114.956 152973.587 1380267.50 1520948.25 Pass Pass -10.19

Selenastrum capricornutum Growth 96 hours 197114.956 219826.105 1380267.50 1804965.00 Pass Pass -30.77
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Selenastrum capricornutum Growth 96 hours 197114.956 148264.543 1380267.50 1523602.50 Pass Pass -10.38

Selenastrum capricornutum Growth 96 hours 197114.956 231044.288 1380267.50 2286923.75 Pass Pass -65.69

Selenastrum capricornutum Growth 96 hours 153739.168 39251.032 1332488.50 1428045.50 Pass Pass -7.17

Selenastrum capricornutum Growth 96 hours 153739.168 125776.606 1332488.50 1629777.25 Pass Pass -22.31

Selenastrum capricornutum Growth 96 hours 153739.168 125926.095 1332488.50 1709408.25 Pass Pass -28.29

Selenastrum capricornutum Growth 96 hours 153739.168 320932.493 1332488.50 1810273.50 Pass Pass -35.86

Selenastrum capricornutum Growth 96 hours 314546.338 195871.951 1364341.25 1512985.50 Pass Pass -10.89

Selenastrum capricornutum Growth 96 hours 314546.338 171283.302 1364341.25 1696136.25 Pass Pass -24.32

Selenastrum capricornutum Growth 96 hours 314546.338 164341.668 1364341.25 1972189.50 Pass Pass -44.55

Selenastrum capricornutum Growth 96 hours 314546.338 69013.423 1364341.25 1786384.25 Pass Pass -30.93

Selenastrum capricornutum Growth 96 hours 154196.716 290948.340 2513679.00 1807619.25 Fail Fail 28.09

Selenastrum capricornutum Growth 96 hours 154196.716 91898.413 2513679.00 2189847.00 Pass Fail 12.88

Selenastrum capricornutum Growth 96 hours 154196.716 70627.705 2513679.00 2577383.75 Pass Pass -2.53

Selenastrum capricornutum Growth 96 hours 154196.716 121483.772 2513679.00 2588001.00 Pass Pass -2.96

Ceriodaphnia dubia Reproduction 6-8 day 5.851 3.801 35.70 41.00 Pass Pass -14.85

Ceriodaphnia dubia Reproduction 6-8 day 5.851 2.951 35.70 43.60 Pass Pass -22.13

Ceriodaphnia dubia Reproduction 6-8 day 5.851 8.028 35.70 39.70 Pass Pass -11.20

Ceriodaphnia dubia Reproduction 6-8 day 6.308 2.633 33.70 42.40 Pass Pass -25.82

Ceriodaphnia dubia Reproduction 6-8 day 6.308 3.367 33.70 42.00 Pass Pass -24.63

Ceriodaphnia dubia Reproduction 6-8 day 6.308 2.503 33.70 43.40 Pass Pass -28.78

Ceriodaphnia dubia Reproduction 6-8 day 6.308 12.819 33.70 34.90 Pass Pass -3.56

Ceriodaphnia dubia Reproduction 6-8 day 6.308 2.503 33.70 38.40 Pass Pass -13.95

Ceriodaphnia dubia Reproduction 6-8 day 6.308 4.719 33.70 39.40 Pass Pass -16.91

Ceriodaphnia dubia Reproduction 6-8 day 6.308 12.106 33.70 35.10 Pass Pass -4.15

Ceriodaphnia dubia Reproduction 6-8 day 1.524 4.467 27.10 21.80 Pass Fail 19.56

Ceriodaphnia dubia Reproduction 6-8 day 1.524 9.274 27.10 28.70 Pass Pass -5.90

Ceriodaphnia dubia Reproduction 6-8 day 1.524 2.348 27.10 31.20 Pass Pass -15.13

Ceriodaphnia dubia Reproduction 6-8 day 1.524 2.413 27.10 26.40 Pass Pass 2.58

Ceriodaphnia dubia Reproduction 6-8 day 1.524 3.240 27.10 27.50 Pass Pass -1.48

Ceriodaphnia dubia Reproduction 6-8 day 1.524 2.066 27.10 29.40 Pass Pass -8.49
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Ceriodaphnia dubia Reproduction 6-8 day 1.524 1.958 27.10 28.50 Pass Pass -5.17

Ceriodaphnia dubia Reproduction 6-8 day 1.524 2.406 27.10 28.30 Pass Pass -4.43

Ceriodaphnia dubia Reproduction 6-8 day 1.567 14.014 27.30 19.80 Fail Pass 27.47

Ceriodaphnia dubia Reproduction 6-8 day 1.567 7.279 27.30 21.90 Fail Fail 19.78

Ceriodaphnia dubia Reproduction 6-8 day 1.567 2.821 27.30 24.80 Pass Fail 9.16

Ceriodaphnia dubia Reproduction 6-8 day 1.567 1.792 27.30 24.90 Pass Fail 8.79

Ceriodaphnia dubia Reproduction 6-8 day 1.567 2.312 27.30 26.70 Pass Pass 2.20

Ceriodaphnia dubia Reproduction 6-8 day 1.567 2.044 27.30 27.20 Pass Pass 0.37

Ceriodaphnia dubia Reproduction 6-8 day 3.342 2.799 27.50 29.50 Pass Pass -7.27

Ceriodaphnia dubia Reproduction 6-8 day 3.342 2.251 27.50 28.20 Pass Pass -2.55

Ceriodaphnia dubia Reproduction 6-8 day 3.342 7.169 27.50 31.50 Pass Pass -14.55

Ceriodaphnia dubia Reproduction 6-8 day 4.326 4.886 28.40 22.90 Fail Fail 19.37

Ceriodaphnia dubia Reproduction 6-8 day 4.326 2.319 28.40 28.60 Pass Pass -0.70

Ceriodaphnia dubia Reproduction 6-8 day 4.326 3.561 28.40 22.70 Pass Fail 20.07

Ceriodaphnia dubia Reproduction 6-8 day 4.326 4.638 28.40 25.20 Pass Pass 11.27

Ceriodaphnia dubia Reproduction 6-8 day 4.326 6.420 28.40 22.10 Fail Fail 22.18

Ceriodaphnia dubia Reproduction 6-8 day 4.326 1.563 28.40 31.00 Pass Pass -9.15

Ceriodaphnia dubia Reproduction 6-8 day 4.326 4.378 28.40 22.50 Fail Fail 20.77

Ceriodaphnia dubia Reproduction 6-8 day 12.115 3.268 14.90 24.70 Pass Pass -65.77

Ceriodaphnia dubia Reproduction 6-8 day 12.115 6.150 14.90 4.60 Fail Fail 69.13

Ceriodaphnia dubia Reproduction 6-8 day 12.115 7.084 14.90 7.20 Fail Fail 51.68

Ceriodaphnia dubia Reproduction 6-8 day 12.115 7.514 14.90 7.30 Fail Pass 51.01

Ceriodaphnia dubia Reproduction 6-8 day 12.115 5.527 14.90 16.10 Pass Pass -8.05

Ceriodaphnia dubia Reproduction 6-8 day 2.961 5.583 27.10 27.50 Pass Pass -1.48

Ceriodaphnia dubia Reproduction 6-8 day 2.961 6.182 27.10 28.00 Pass Pass -3.32

Ceriodaphnia dubia Reproduction 6-8 day 2.961 6.001 27.10 25.30 Pass Pass 6.64

Ceriodaphnia dubia Reproduction 6-8 day 2.961 3.755 27.10 27.10 Pass Pass 0.00

Ceriodaphnia dubia Reproduction 6-8 day 2.961 8.894 27.10 29.00 Pass Pass -7.01

Ceriodaphnia dubia Reproduction 6-8 day 2.961 5.425 27.10 30.10 Pass Pass -11.07

Ceriodaphnia dubia Reproduction 6-8 day 2.961 6.215 27.10 26.20 Pass Pass 3.32
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Ceriodaphnia dubia Reproduction 6-8 day 2.961 2.440 27.10 28.20 Pass Pass -4.06

Ceriodaphnia dubia Reproduction 6-8 day 2.961 4.849 27.10 18.20 Fail Fail 32.84

Pimephales promelas Survival 7 day 0.000 5.000 100.00 97.50 Pass Pass 2.50

Pimephales promelas Survival 7 day 0.000 9.574 100.00 92.50 Pass Pass 7.50

Pimephales promelas Survival 7 day 0.000 0.000 100.00 100.00 Pass Pass 0.00

Pimephales promelas Survival 7 day 0.000 0.000 100.00 100.00 Pass Pass 0.00

Pimephales promelas Survival 7 day 0.000 5.774 100.00 95.00 Pass Pass 5.00

Pimephales promelas Survival 7 day 0.000 0.000 100.00 100.00 Pass Pass 0.00

Pimephales promelas Survival 7 day 0.000 5.000 100.00 97.50 Pass Pass 2.50

Pimephales promelas Survival 7 day 0.000 0.000 100.00 100.00 Pass Pass 0.00

Pimephales promelas Survival 7 day 0.000 5.000 100.00 97.50 Pass Pass 2.50

Pimephales promelas Biomass 7 day 0.022 0.020 0.55 0.60 Pass Pass -9.04

Pimephales promelas Biomass 7 day 0.022 0.061 0.55 0.62 Pass Pass -12.47

Pimephales promelas Biomass 7 day 0.022 0.012 0.55 0.63 Pass Pass -14.25

Pimephales promelas Biomass 7 day 0.022 0.039 0.55 0.61 Pass Pass -11.51

Pimephales promelas Biomass 7 day 0.022 0.042 0.55 0.53 Pass Pass 4.06

Pimephales promelas Biomass 7 day 0.022 0.005 0.55 0.59 Pass Pass -7.17

Pimephales promelas Biomass 7 day 0.022 0.044 0.55 0.64 Pass Pass -16.44

Pimephales promelas Biomass 7 day 0.022 0.047 0.55 0.56 Pass Pass -1.64

Pimephales promelas Biomass 7 day 0.022 0.025 0.55 0.52 Pass Pass 5.48

Pimephales promelas Survival 7 day 15.000 8.165 87.50 90.00 Pass Pass -2.86

Pimephales promelas Survival 7 day 15.000 5.774 87.50 95.00 Pass Pass -8.57

Pimephales promelas Survival 7 day 15.000 9.574 87.50 92.50 Pass Pass -5.71

Pimephales promelas Survival 7 day 15.000 8.165 87.50 90.00 Pass Pass -2.86

Pimephales promelas Survival 7 day 15.000 5.000 87.50 92.50 Pass Pass -5.71

Pimephales promelas Survival 7 day 15.000 0.000 87.50 100.00 Pass Pass -14.29

Pimephales promelas Survival 7 day 15.000 9.574 87.50 92.50 Pass Pass -5.71

Pimephales promelas Biomass 7 day 0.068 0.061 0.44 0.51 Pass Pass -15.47

Pimephales promelas Biomass 7 day 0.068 0.050 0.44 0.53 Pass Pass -20.43

Pimephales promelas Biomass 7 day 0.068 0.087 0.44 0.60 Pass Pass -36.82
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Pimephales promelas Biomass 7 day 0.068 0.018 0.44 0.51 Pass Pass -17.01

Pimephales promelas Biomass 7 day 0.068 0.041 0.44 0.54 Pass Pass -22.20

Pimephales promelas Biomass 7 day 0.068 0.030 0.44 0.65 Pass Pass -47.49

Pimephales promelas Biomass 7 day 0.068 0.056 0.44 0.52 Pass Pass -17.87

Pimephales promelas Survival 7 day 0.000 0.000 100.00 100.00 Pass Pass 0.00

Pimephales promelas Survival 7 day 0.000 0.000 100.00 100.00 Pass Pass 0.00

Pimephales promelas Survival 7 day 0.000 0.000 100.00 100.00 Pass Pass 0.00

Pimephales promelas Biomass 7 day 0.029 0.016 0.39 0.40 Pass Pass -3.61

Pimephales promelas Biomass 7 day 0.029 0.010 0.39 0.42 Pass Pass -8.31

Pimephales promelas Biomass 7 day 0.029 0.029 0.39 0.50 Pass Pass -27.77

Pimephales promelas Survival 7 day 0.000 17.078 100.00 82.50 Fail Pass 17.50

Pimephales promelas Survival 7 day 0.000 0.000 100.00 100.00 Pass Pass 0.00

Pimephales promelas Survival 7 day 0.000 5.000 100.00 97.50 Pass Pass 2.50

Pimephales promelas Survival 7 day 0.000 15.000 100.00 92.50 Pass Pass 7.50

Pimephales promelas Survival 7 day 0.000 10.000 100.00 85.00 Fail Pass 15.00

Pimephales promelas Survival 7 day 0.000 17.321 100.00 85.00 Fail Pass 15.00

Pimephales promelas Survival 7 day 0.000 0.000 100.00 100.00 Pass Pass 0.00

Pimephales promelas Biomass 7 day 0.012 0.048 0.38 0.36 Pass Pass 4.82

Pimephales promelas Biomass 7 day 0.012 0.060 0.38 0.42 Pass Pass -11.82

Pimephales promelas Biomass 7 day 0.012 0.027 0.38 0.41 Pass Pass -9.11

Pimephales promelas Biomass 7 day 0.012 0.020 0.38 0.40 Pass Pass -5.41

Pimephales promelas Biomass 7 day 0.012 0.056 0.38 0.37 Pass Pass 1.06

Pimephales promelas Biomass 7 day 0.012 0.039 0.38 0.37 Pass Pass 3.10

Pimephales promelas Biomass 7 day 0.012 0.031 0.38 0.41 Pass Pass -8.58

Pimephales promelas Survival 7 day 0.000 5.000 100.00 97.50 Pass Pass 2.50

Pimephales promelas Survival 7 day 0.000 5.000 100.00 97.50 Pass Pass 2.50

Pimephales promelas Survival 7 day 0.000 0.000 100.00 100.00 Pass Pass 0.00

Pimephales promelas Survival 7 day 0.000 0.000 100.00 100.00 Pass Pass 0.00

Pimephales promelas Survival 7 day 0.000 0.000 100.00 100.00 Pass Pass 0.00

Pimephales promelas Survival 7 day 0.000 0.000 100.00 100.00 Pass Pass 0.00
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Pimephales promelas Biomass 7 day 0.017 0.017 0.38 0.41 Pass Pass -6.31

Pimephales promelas Biomass 7 day 0.017 0.029 0.38 0.50 Pass Pass -29.60

Pimephales promelas Biomass 7 day 0.017 0.027 0.38 0.48 Pass Pass -24.98

Pimephales promelas Biomass 7 day 0.017 0.017 0.38 0.47 Pass Pass -23.42

Pimephales promelas Biomass 7 day 0.017 0.039 0.38 0.46 Pass Pass -18.93

Pimephales promelas Biomass 7 day 0.017 0.054 0.38 0.48 Pass Pass -25.37

Pimephales promelas Survival 7 day 0.000 0.000 100.00 100.00 Pass Pass 0.00

Pimephales promelas Survival 7 day 0.000 0.000 100.00 100.00 Pass Pass 0.00

Pimephales promelas Survival 7 day 0.000 5.000 100.00 97.50 Pass Pass 2.50

Pimephales promelas Survival 7 day 0.000 0.000 100.00 100.00 Pass Pass 0.00

Pimephales promelas Survival 7 day 0.000 0.000 100.00 100.00 Pass Pass 0.00

Pimephales promelas Survival 7 day 0.000 5.774 100.00 95.00 Pass Pass 5.00

Pimephales promelas Biomass 7 day 0.013 0.026 0.39 0.45 Pass Pass -13.24

Pimephales promelas Biomass 7 day 0.013 0.043 0.39 0.53 Pass Pass -34.45

Pimephales promelas Biomass 7 day 0.013 0.034 0.39 0.49 Pass Pass -23.69

Pimephales promelas Biomass 7 day 0.013 0.012 0.39 0.48 Pass Pass -21.03

Pimephales promelas Biomass 7 day 0.013 0.046 0.39 0.44 Pass Pass -11.40

Pimephales promelas Biomass 7 day 0.013 0.043 0.39 0.51 Pass Pass -27.99

Pimephales promelas Survival 7 day 0.000 5.000 100.00 97.50 Pass Pass 2.50

Pimephales promelas Survival 7 day 0.000 0.000 100.00 100.00 Pass Pass 0.00

Pimephales promelas Survival 7 day 0.000 0.000 100.00 100.00 Pass Pass 0.00

Pimephales promelas Survival 7 day 0.000 0.000 100.00 100.00 Pass Pass 0.00

Pimephales promelas Survival 7 day 0.000 0.000 100.00 100.00 Pass Pass 0.00

Pimephales promelas Survival 7 day 0.000 10.000 100.00 95.00 Pass Pass 5.00

Pimephales promelas Survival 7 day 0.000 0.000 100.00 100.00 Pass Pass 0.00

Pimephales promelas Survival 7 day 0.000 0.000 100.00 100.00 Pass Pass 0.00

Pimephales promelas Survival 7 day 0.000 0.000 100.00 100.00 Pass Pass 0.00

Pimephales promelas Biomass 7 day 0.015 0.046 0.70 0.69 Pass Pass 1.00

Pimephales promelas Biomass 7 day 0.015 0.024 0.70 0.80 Pass Pass -14.25

Pimephales promelas Biomass 7 day 0.015 0.050 0.70 0.79 Pass Pass -13.07
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Pimephales promelas Biomass 7 day 0.015 0.059 0.70 0.75 Pass Pass -7.79

Pimephales promelas Biomass 7 day 0.015 0.027 0.70 0.85 Pass Pass -21.11

Pimephales promelas Biomass 7 day 0.015 0.071 0.70 0.70 Pass Pass -0.25

Pimephales promelas Biomass 7 day 0.015 0.081 0.70 0.82 Pass Pass -17.00

Pimephales promelas Biomass 7 day 0.015 0.021 0.70 0.81 Pass Pass -16.14

Pimephales promelas Biomass 7 day 0.015 0.018 0.70 0.84 Pass Pass -20.21

Pimephales promelas Survival 7 day 5.000 0.000 97.50 100.00 Pass Pass -2.56

Pimephales promelas Biomass 7 day 0.039 0.055 0.66 0.81 Pass Pass -22.40

Selenastrum capricornutum Growth 96 hours 545377.829 8021.901 3915750.00 123057.50 Fail Fail 96.86

Selenastrum capricornutum Growth 96 hours 545377.829 23823.374 3915750.00 234195.00 Fail Fail 94.02

Selenastrum capricornutum Growth 96 hours 545377.829 915749.809 3915750.00 3259800.00 Fail Pass 16.75

Selenastrum capricornutum Growth 96 hours 545377.829 10283.888 3915750.00 134497.50 Fail Fail 96.57

Selenastrum capricornutum Growth 96 hours 545377.829 41214.659 3915750.00 335515.00 Fail Fail 91.43

Selenastrum capricornutum Growth 96 hours 545377.829 170997.783 3915750.00 803820.00 Fail Fail 79.47

Selenastrum capricornutum Growth 96 hours 545377.829 11508.287 3915750.00 153380.00 Fail Fail 96.08

Selenastrum capricornutum Growth 96 hours 545377.829 266566.144 3915750.00 1705625.00 Fail Fail 56.44

Selenastrum capricornutum Growth 96 hours 545377.829 76241.590 3915750.00 2193300.00 Fail Fail 43.99

Selenastrum capricornutum Growth 96 hours 545377.829 185667.667 3915750.00 3176275.00 Pass Fail 18.88

Selenastrum capricornutum Growth 96 hours 489608.499 314094.830 4104225.00 2874075.00 Fail Fail 29.97

Selenastrum capricornutum Growth 96 hours 489608.499 27918.924 4104225.00 159987.50 Fail Fail 96.10

Selenastrum capricornutum Growth 96 hours 489608.499 12216.681 4104225.00 149415.00 Fail Fail 96.36

Selenastrum capricornutum Growth 96 hours 489608.499 52132.538 4104225.00 354607.50 Fail Fail 91.36

Selenastrum capricornutum Growth 96 hours 489608.499 144989.236 4104225.00 912950.00 Fail Fail 77.76

Selenastrum capricornutum Growth 96 hours 489608.499 7526.775 4104225.00 106945.75 Fail Fail 97.39

Selenastrum capricornutum Growth 96 hours 489608.499 65125.098 4104225.00 617807.50 Fail Fail 84.95

Selenastrum capricornutum Growth 96 hours 172922.379 603012.202 3476375.00 3136975.00 Pass Pass 9.76

Selenastrum capricornutum Growth 96 hours 172922.379 222816.133 3476375.00 3436625.00 Pass Pass 1.14

Selenastrum capricornutum Growth 96 hours 172922.379 177901.405 3476375.00 3180450.00 Pass Fail 8.51

Selenastrum capricornutum Growth 96 hours 399387.317 194624.414 4217925.00 4661875.00 Pass Pass -10.53

Selenastrum capricornutum Growth 96 hours 399387.317 361797.626 4217925.00 4912675.00 Pass Pass -16.47
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Selenastrum capricornutum Growth 96 hours 399387.317 250781.357 4217925.00 4256475.00 Pass Pass -0.91

Selenastrum capricornutum Growth 96 hours 399387.317 304095.380 4217925.00 4420300.00 Pass Pass -4.80

Selenastrum capricornutum Growth 96 hours 399387.317 92545.930 4217925.00 2730125.00 Fail Fail 35.27

Selenastrum capricornutum Growth 96 hours 399387.317 246402.494 4217925.00 4949825.00 Pass Pass -17.35

Selenastrum capricornutum Growth 96 hours 399387.317 301914.883 4217925.00 4453850.00 Pass Pass -5.59

Selenastrum capricornutum Growth 96 hours 25746.505 147300.839 2341125.00 834515.00 Fail Fail 64.35

Selenastrum capricornutum Growth 96 hours 25746.505 13797.170 2341125.00 138712.50 Fail Fail 94.07

Selenastrum capricornutum Growth 96 hours 25746.505 16334.407 2341125.00 184260.00 Fail Fail 92.13

Selenastrum capricornutum Growth 96 hours 25746.505 69069.886 2341125.00 1122675.00 Fail Fail 52.05

Selenastrum capricornutum Growth 96 hours 25746.505 91696.416 2341125.00 417267.50 Fail Fail 82.18

Selenastrum capricornutum Growth 96 hours 25746.505 28013.265 2341125.00 143380.00 Fail Fail 93.88

Selenastrum capricornutum Growth 96 hours 195441.995 119640.768 3291900.00 2324900.00 Fail Fail 29.38

Selenastrum capricornutum Growth 96 hours 195441.995 100735.342 3291900.00 1191425.00 Fail Fail 63.81

Selenastrum capricornutum Growth 96 hours 195441.995 28795.286 3291900.00 199647.50 Fail Fail 93.94

Selenastrum capricornutum Growth 96 hours 195441.995 224763.689 3291900.00 2601825.00 Pass Fail 20.96

Selenastrum capricornutum Growth 96 hours 195441.995 13316.218 3291900.00 432320.00 Fail Fail 86.87

Selenastrum capricornutum Growth 96 hours 195441.995 98296.050 3291900.00 416002.50 Fail Fail 87.36

Selenastrum capricornutum Growth 96 hours 195441.995 111248.236 3291900.00 1849850.00 Fail Fail 43.81

Selenastrum capricornutum Growth 96 hours 195441.995 13183.364 3291900.00 77366.75 Fail Fail 97.65

Selenastrum capricornutum Growth 96 hours 195441.995 13881.652 3291900.00 33500.00 Fail Fail 98.98

Selenastrum capricornutum Growth 96 hours 308099.887 327373.111 3643366.50 3246720.25 Pass Pass 10.89

Selenastrum capricornutum Growth 96 hours 308099.887 71851.023 3643366.50 1151220.25 Fail Fail 68.40

Selenastrum capricornutum Growth 96 hours 308099.887 141169.332 3643366.50 2911446.75 Pass Fail 20.09

Selenastrum capricornutum Growth 96 hours 308099.887 398556.771 3643366.50 2923840.00 Pass Fail 19.75

Selenastrum capricornutum Growth 96 hours 308099.887 201070.788 3643366.50 2342893.50 Fail Fail 35.69

Selenastrum capricornutum Growth 96 hours 308099.887 299483.547 3643366.50 1898780.00 Fail Fail 47.88

Selenastrum capricornutum Growth 96 hours 308099.887 295431.487 3643366.50 2661993.50 Fail Fail 26.94

Selenastrum capricornutum Growth 96 hours 308099.887 615210.377 3643366.50 2778746.75 Fail Fail 23.73

Selenastrum capricornutum Growth 96 hours 308099.887 452391.990 3643366.50 3058719.75 Pass Fail 16.05

Selenastrum capricornutum Growth 96 hours 308099.887 425702.376 3643366.50 3755493.25 Pass Pass -3.08
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Ceriodaphnia dubia Reproduction 6-8 day 2.767 6.110 25.90 12.00 Fail Fail 53.67

Ceriodaphnia dubia Reproduction 6-8 day 1.814 6.446 29.20 14.00 Fail Fail 52.05

Ceriodaphnia dubia Reproduction 6-8 day 1.814 5.417 29.20 19.70 Fail Fail 32.53

Ceriodaphnia dubia Reproduction 6-8 day 6.670 7.997 26.60 14.20 Fail Fail 46.62

Ceriodaphnia dubia Reproduction 6-8 day 9.534 6.332 26.00 13.90 Fail Fail 46.54

Ceriodaphnia dubia Reproduction 6-8 day 9.534 9.068 26.00 14.70 Fail Fail 43.46

Ceriodaphnia dubia Reproduction 6-8 day 2.710 4.158 27.70 17.80 Fail Fail 35.74

Ceriodaphnia dubia Reproduction 6-8 day 2.710 5.270 27.70 18.00 Fail Fail 35.02

Ceriodaphnia dubia Reproduction 6-8 day 2.710 3.596 27.70 19.60 Fail Fail 29.24

Ceriodaphnia dubia Reproduction 6-8 day 4.968 6.529 31.70 12.20 Fail Fail 61.51

Ceriodaphnia dubia Reproduction 6-8 day 4.968 4.962 31.70 16.20 Fail Fail 48.90

Ceriodaphnia dubia Reproduction 6-8 day 5.148 5.507 15.50 8.10 Fail Fail 47.74

Ceriodaphnia dubia Reproduction 6-8 day 5.148 7.249 15.50 16.10 Pass Pass -3.87

Ceriodaphnia dubia Reproduction 6-8 day 5.148 6.363 15.50 16.60 Pass Pass -7.10

Ceriodaphnia dubia Reproduction 6-8 day 5.148 5.405 15.50 9.10 Fail Fail 41.29

Ceriodaphnia dubia Reproduction 6-8 day 5.148 5.122 15.50 27.30 Pass Pass -76.13

Ceriodaphnia dubia Reproduction 6-8 day 5.343 10.944 28.10 28.00 Pass Pass 0.36

Ceriodaphnia dubia Reproduction 6-8 day 5.343 6.819 28.10 35.50 Pass Pass -26.33

Ceriodaphnia dubia Reproduction 6-8 day 5.343 1.889 28.10 36.30 Pass Pass -29.18

Ceriodaphnia dubia Reproduction 6-8 day 5.343 2.757 28.10 37.40 Pass Pass -33.10

Ceriodaphnia dubia Reproduction 6-8 day 5.343 6.114 28.10 41.40 Pass Pass -47.33

Ceriodaphnia dubia Reproduction 6-8 day 3.706 2.936 27.80 29.80 Pass Pass -7.19

Ceriodaphnia dubia Reproduction 6-8 day 2.821 3.011 23.20 26.80 Pass Pass -15.52

Ceriodaphnia dubia Reproduction 6-8 day 7.084 6.498 21.80 25.00 Pass Pass -14.68

Ceriodaphnia dubia Reproduction 6-8 day 7.084 4.546 21.80 29.00 Pass Pass -33.03

Ceriodaphnia dubia Reproduction 6-8 day 7.084 4.296 21.80 24.30 Pass Pass -11.47

Ceriodaphnia dubia Reproduction 6-8 day 2.915 5.122 22.50 11.30 Fail Fail 49.78

Ceriodaphnia dubia Reproduction 6-8 day 2.915 4.473 22.50 23.30 Pass Pass -3.56

Ceriodaphnia dubia Reproduction 6-8 day 2.915 5.061 22.50 11.50 Fail Fail 48.89

Ceriodaphnia dubia Reproduction 6-8 day 2.915 7.930 22.50 20.00 Pass Pass 11.11
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Ceriodaphnia dubia Reproduction 6-8 day 2.915 3.843 22.50 20.10 Pass Pass 10.67

Ceriodaphnia dubia Reproduction 6-8 day 2.767 7.212 25.90 16.70 Fail Fail 35.52

Ceriodaphnia dubia Reproduction 6-8 day 2.767 6.093 25.90 17.30 Fail Fail 33.20

Ceriodaphnia dubia Reproduction 6-8 day 4.447 8.690 30.00 22.20 Fail Fail 26.00

Ceriodaphnia dubia Reproduction 6-8 day 1.814 9.348 29.20 24.60 Pass Pass 15.75

Ceriodaphnia dubia Reproduction 6-8 day 1.814 4.028 29.20 8.00 Fail Fail 72.60

Ceriodaphnia dubia Reproduction 6-8 day 1.814 7.484 29.20 24.30 Pass Fail 16.78

Ceriodaphnia dubia Reproduction 6-8 day 3.034 7.442 26.05 26.60 Pass Pass -2.11

Ceriodaphnia dubia Reproduction 6-8 day 3.034 8.417 26.05 30.80 Pass Pass -18.23

Ceriodaphnia dubia Reproduction 6-8 day 3.034 6.133 26.05 27.50 Pass Pass -5.57

Ceriodaphnia dubia Reproduction 6-8 day 3.034 3.635 26.05 28.10 Pass Pass -7.87

Ceriodaphnia dubia Reproduction 6-8 day 3.034 6.680 26.05 22.20 Pass Pass 14.78

Ceriodaphnia dubia Reproduction 6-8 day 3.034 6.550 26.05 28.70 Pass Pass -10.17

Ceriodaphnia dubia Reproduction 6-8 day 3.034 5.461 26.05 20.60 Fail Fail 20.92

Ceriodaphnia dubia Reproduction 6-8 day 9.669 11.983 17.70 26.60 Pass Pass -50.28

Ceriodaphnia dubia Reproduction 6-8 day 9.669 3.302 17.70 22.70 Pass Pass -28.25

Ceriodaphnia dubia Reproduction 6-8 day 9.669 7.087 17.70 27.00 Pass Pass -52.54

Ceriodaphnia dubia Reproduction 6-8 day 9.669 4.551 17.70 30.40 Pass Pass -71.75

Ceriodaphnia dubia Reproduction 6-8 day 9.669 1.955 17.70 29.40 Pass Pass -66.10

Ceriodaphnia dubia Reproduction 6-8 day 3.426 4.662 30.45 40.20 Pass Pass -32.02

Ceriodaphnia dubia Reproduction 6-8 day 3.426 3.232 30.45 42.00 Pass Pass -37.93

Ceriodaphnia dubia Reproduction 6-8 day 3.426 2.331 30.45 39.90 Pass Pass -31.03

Ceriodaphnia dubia Reproduction 6-8 day 3.426 2.875 30.45 41.60 Pass Pass -36.62

Ceriodaphnia dubia Reproduction 6-8 day 3.646 5.832 24.65 11.30 Fail Fail 54.16

Ceriodaphnia dubia Reproduction 6-8 day 3.646 3.225 24.65 33.80 Pass Pass -37.12

Ceriodaphnia dubia Reproduction 6-8 day 3.646 6.667 24.65 31.30 Pass Pass -26.98

Ceriodaphnia dubia Reproduction 6-8 day 3.646 6.190 24.65 23.10 Pass Pass 6.29

Ceriodaphnia dubia Reproduction 6-8 day 3.646 6.381 24.65 36.40 Pass Pass -47.67

Ceriodaphnia dubia Reproduction 6-8 day 10.834 2.119 32.40 36.60 Pass Pass -12.96

Ceriodaphnia dubia Reproduction 6-8 day 10.834 3.900 32.40 40.90 Pass Pass -26.23



TST Test Drive 12/13/2011

115

Test Species Endpoint Duration Control SD Sample SD Control Mean Sample Mean
TST Pass or

Fail
NOEC Pass or

Fail
Mean % Effect at

100% Sample

Ceriodaphnia dubia Reproduction 6-8 day 10.834 10.679 32.40 29.60 Pass Fail 8.64

Ceriodaphnia dubia Reproduction 6-8 day 10.834 3.615 32.40 40.20 Pass Pass -24.07

Ceriodaphnia dubia Reproduction 6-8 day 10.834 1.989 32.40 32.80 Pass Pass -1.23

Ceriodaphnia dubia Reproduction 6-8 day 10.834 3.706 32.40 42.20 Pass Pass -30.25

Ceriodaphnia dubia Reproduction 6-8 day 10.834 2.271 32.40 37.40 Pass Pass -15.43

Ceriodaphnia dubia Reproduction 6-8 day 1.900 2.838 34.50 40.50 Pass Pass -17.39

Ceriodaphnia dubia Reproduction 6-8 day 1.900 2.582 34.50 37.00 Pass Pass -7.25

Ceriodaphnia dubia Reproduction 6-8 day 1.900 3.604 34.50 32.90 Pass Pass 4.64

Ceriodaphnia dubia Reproduction 6-8 day 1.900 4.472 34.50 37.00 Pass Pass -7.25

Pimephales promelas Survival 7 day 0.000 0.000 100.00 100.00 Pass Pass 0.00

Pimephales promelas Survival 7 day 0.000 23.805 100.00 85.00 Fail Pass 15.00

Pimephales promelas Survival 7 day 0.000 0.000 100.00 100.00 Pass Pass 0.00

Pimephales promelas Survival 7 day 0.000 23.094 100.00 80.00 Fail Pass 20.00

Pimephales promelas Biomass 7 day 0.036 0.024 0.44 0.48 Pass Pass -9.63

Pimephales promelas Biomass 7 day 0.036 0.123 0.44 0.44 Pass Pass -1.23

Pimephales promelas Biomass 7 day 0.036 0.026 0.44 0.46 Pass Pass -4.20

Pimephales promelas Biomass 7 day 0.036 0.098 0.44 0.39 Pass Pass 10.32

Pimephales promelas Survival 7 day 4.629 16.856 97.50 88.58 Pass Pass 9.15

Pimephales promelas Survival 7 day 4.629 4.550 97.50 97.73 Pass Pass -0.23

Pimephales promelas Survival 7 day 4.629 29.466 97.50 79.38 Fail Pass 18.59

Pimephales promelas Survival 7 day 4.629 9.574 97.50 92.50 Pass Pass 5.13

Pimephales promelas Survival 7 day 4.629 0.000 97.50 100.00 Pass Pass -2.56

Pimephales promelas Survival 7 day 0.000 0.000 100.00 100.00 Pass Pass 0.00

Pimephales promelas Survival 7 day 0.000 38.622 100.00 77.50 Fail Pass 22.50

Pimephales promelas Survival 7 day 0.000 25.000 100.00 87.50 Pass Pass 12.50

Pimephales promelas Survival 7 day 0.000 15.707 100.00 89.18 Pass Pass 10.83

Pimephales promelas Biomass 7 day 0.036 0.038 0.47 0.48 Pass Pass -3.52

Pimephales promelas Biomass 7 day 0.036 0.175 0.47 0.43 Pass Pass 9.02

Pimephales promelas Biomass 7 day 0.036 0.089 0.47 0.44 Pass Pass 6.46

Pimephales promelas Biomass 7 day 0.036 0.059 0.47 0.49 Pass Pass -5.13
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Pimephales promelas Survival 7 day 4.419 5.000 98.44 97.50 Pass Pass 0.95

Pimephales promelas Survival 7 day 4.419 0.000 98.44 100.00 Pass Pass -1.59

Pimephales promelas Survival 7 day 4.419 0.000 98.44 100.00 Pass Pass -1.59

Pimephales promelas Biomass 7 day 0.046 0.029 0.52 0.50 Pass Pass 4.61

Pimephales promelas Biomass 7 day 0.046 0.016 0.52 0.52 Pass Pass 0.19

Pimephales promelas Biomass 7 day 0.046 0.036 0.52 0.49 Pass Pass 5.81

Pimephales promelas Survival 7 day 0.000 0.000 100.00 100.00 Pass Pass 0.00

Pimephales promelas Survival 7 day 0.000 0.000 100.00 100.00 Pass Pass 0.00

Pimephales promelas Survival 7 day 0.000 5.000 100.00 97.50 Pass Pass 2.50

Pimephales promelas Survival 7 day 0.000 0.000 100.00 100.00 Pass Pass 0.00

Pimephales promelas Survival 7 day 0.000 5.000 100.00 97.50 Pass Pass 2.50

Pimephales promelas Biomass 7 day 0.025 0.047 0.43 0.44 Pass Pass -4.17

Pimephales promelas Biomass 7 day 0.025 0.033 0.43 0.46 Pass Pass -7.05

Pimephales promelas Biomass 7 day 0.025 0.052 0.43 0.41 Pass Pass 2.47

Pimephales promelas Biomass 7 day 0.025 0.006 0.43 0.46 Pass Pass -9.29

Pimephales promelas Biomass 7 day 0.025 0.027 0.43 0.47 Pass Pass -11.29

Pimephales promelas Survival 7 day 0.000 5.000 100.00 97.50 Pass Pass 2.50

Pimephales promelas Survival 7 day 0.000 5.000 100.00 97.50 Pass Pass 2.50

Pimephales promelas Survival 7 day 0.000 0.000 100.00 100.00 Pass Pass 0.00

Pimephales promelas Survival 7 day 0.000 0.000 100.00 100.00 Pass Pass 0.00

Pimephales promelas Survival 7 day 0.000 0.000 100.00 100.00 Pass Pass 0.00

Pimephales promelas Survival 7 day 0.000 5.000 100.00 97.50 Pass Pass 2.50

Pimephales promelas Survival 7 day 0.000 9.574 100.00 92.50 Pass Pass 7.50

Pimephales promelas Biomass 7 day 0.038 0.053 0.44 0.45 Pass Pass -1.86

Pimephales promelas Biomass 7 day 0.038 0.115 0.44 0.54 Pass Pass -21.82

Pimephales promelas Biomass 7 day 0.038 0.023 0.44 0.61 Pass Pass -36.58

Pimephales promelas Biomass 7 day 0.038 0.019 0.44 0.51 Pass Pass -15.39

Pimephales promelas Biomass 7 day 0.038 0.040 0.44 0.47 Pass Pass -6.99

Pimephales promelas Biomass 7 day 0.038 0.022 0.44 0.47 Pass Pass -5.69

Pimephales promelas Biomass 7 day 0.038 0.071 0.44 0.47 Pass Pass -4.85
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Pimephales promelas Survival 7 day 5.774 5.000 95.00 97.50 Pass Pass -2.63

Pimephales promelas Survival 7 day 5.774 5.000 95.00 97.50 Pass Pass -2.63

Pimephales promelas Survival 7 day 5.774 5.000 95.00 97.50 Pass Pass -2.63

Pimephales promelas Survival 7 day 5.774 0.000 95.00 100.00 Pass Pass -5.26

Pimephales promelas Survival 7 day 5.774 0.000 95.00 100.00 Pass Pass -5.26

Pimephales promelas Biomass 7 day 0.043 0.069 0.44 0.50 Pass Pass -13.14

Pimephales promelas Biomass 7 day 0.043 0.035 0.44 0.47 Pass Pass -8.00

Pimephales promelas Biomass 7 day 0.043 0.032 0.44 0.44 Pass Pass -1.14

Pimephales promelas Biomass 7 day 0.043 0.086 0.44 0.45 Pass Pass -2.29

Pimephales promelas Biomass 7 day 0.043 0.026 0.44 0.54 Pass Pass -23.43

Pimephales promelas Survival 7 day 5.000 0.000 97.50 100.00 Pass Pass -2.56

Pimephales promelas Survival 7 day 5.000 0.000 97.50 100.00 Pass Pass -2.56

Pimephales promelas Survival 7 day 5.000 0.000 97.50 100.00 Pass Pass -2.56

Pimephales promelas Survival 7 day 5.000 0.000 97.50 100.00 Pass Pass -2.56

Pimephales promelas Survival 7 day 5.000 0.000 97.50 100.00 Pass Pass -2.56

Pimephales promelas Survival 7 day 5.000 0.000 97.50 100.00 Pass Pass -2.56

Pimephales promelas Survival 7 day 5.000 5.000 97.50 97.50 Pass Pass 0.00

Pimephales promelas Survival 7 day 5.000 5.000 97.50 97.50 Pass Pass 0.00

Pimephales promelas Survival 7 day 5.000 5.000 97.50 97.50 Pass Pass 0.00

Pimephales promelas Survival 7 day 5.000 0.000 97.50 100.00 Pass Pass -2.56

Pimephales promelas Biomass 7 day 0.035 0.009 0.49 0.53 Pass Pass -9.00

Pimephales promelas Biomass 7 day 0.035 0.023 0.49 0.50 Pass Pass -1.23

Pimephales promelas Biomass 7 day 0.035 0.054 0.49 0.53 Pass Pass -7.57

Pimephales promelas Biomass 7 day 0.035 0.015 0.49 0.55 Pass Pass -12.58

Pimephales promelas Biomass 7 day 0.035 0.013 0.49 0.53 Pass Pass -7.41

Pimephales promelas Biomass 7 day 0.035 0.035 0.49 0.56 Pass Pass -13.60

Pimephales promelas Biomass 7 day 0.035 0.024 0.49 0.53 Pass Pass -7.87

Pimephales promelas Biomass 7 day 0.035 0.061 0.49 0.55 Pass Pass -12.17

Pimephales promelas Biomass 7 day 0.035 0.027 0.49 0.51 Pass Pass -4.60

Pimephales promelas Biomass 7 day 0.035 0.038 0.49 0.53 Pass Pass -7.41
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Selenastrum capricornutum Growth 96 hours 141867.521 116458.691 1935625.00 1431400.00 Fail Fail 26.05

Selenastrum capricornutum Growth 96 hours 141867.521 68636.822 1935625.00 1735800.00 Pass Fail 10.32

Selenastrum capricornutum Growth 96 hours 141867.521 97997.449 1935625.00 1938700.00 Pass Pass -0.16

Selenastrum capricornutum Growth 96 hours 141867.521 120449.395 1935625.00 1758650.00 Pass Fail 9.14

Selenastrum capricornutum Growth 96 hours 141867.521 170815.534 1935625.00 1932200.00 Pass Pass 0.18

Selenastrum capricornutum Growth 96 hours 141867.521 200404.547 1935625.00 1878275.00 Pass Pass 2.96

Selenastrum capricornutum Growth 96 hours 141867.521 99492.491 1935625.00 1815275.00 Pass Pass 6.22

Selenastrum capricornutum Growth 96 hours 78815.281 184758.265 2683750.00 3381450.00 Pass Pass -26.00

Selenastrum capricornutum Growth 96 hours 78815.281 338573.754 2683750.00 2421600.00 Pass Pass 9.77

Selenastrum capricornutum Growth 96 hours 78815.281 569492.786 2683750.00 3606200.00 Pass Pass -34.37

Selenastrum capricornutum Growth 96 hours 78815.281 360603.257 2683750.00 3927925.00 Pass Pass -46.36

Selenastrum capricornutum Growth 96 hours 78815.281 295407.023 2683750.00 3926175.00 Pass Pass -46.29

Selenastrum capricornutum Growth 96 hours 180707.805 103397.518 1849575.00 1663300.00 Pass Fail 10.07

Selenastrum capricornutum Growth 96 hours 180707.805 172676.159 1849575.00 1594125.00 Pass Fail 13.81

Selenastrum capricornutum Growth 96 hours 180707.805 92823.574 1849575.00 1500925.00 Pass Fail 18.85

Selenastrum capricornutum Growth 96 hours 180707.805 247966.523 1849575.00 1890650.00 Pass Pass -2.22

Selenastrum capricornutum Growth 96 hours 110171.603 281260.040 2118325.00 1991650.00 Pass Pass 5.98

Selenastrum capricornutum Growth 96 hours 110171.603 175957.495 2118325.00 1702500.00 Pass Fail 19.63

Selenastrum capricornutum Growth 96 hours 110171.603 76702.341 2118325.00 2497575.00 Pass Pass -17.90

Selenastrum capricornutum Growth 96 hours 110171.603 120686.384 2118325.00 1995150.00 Pass Pass 5.81

Selenastrum capricornutum Growth 96 hours 110171.603 104446.892 2118325.00 1378300.00 Fail Fail 34.93

Selenastrum capricornutum Growth 96 hours 212555.991 131978.660 1596825.00 2286700.00 Pass Pass -43.20

Selenastrum capricornutum Growth 96 hours 212555.991 164261.367 1596825.00 2148250.00 Pass Pass -34.53

Selenastrum capricornutum Growth 96 hours 212555.991 236125.043 1596825.00 2271375.00 Pass Pass -42.24

Selenastrum capricornutum Growth 96 hours 212555.991 69689.089 1596825.00 1486425.00 Pass Pass 6.91

Selenastrum capricornutum Growth 96 hours 212555.991 73759.675 1596825.00 425715.00 Fail Fail 73.34

Selenastrum capricornutum Growth 96 hours 212555.991 337189.101 1596825.00 2165950.00 Pass Pass -35.64

Selenastrum capricornutum Growth 96 hours 212555.991 288147.316 1596825.00 2214775.00 Pass Pass -38.70

Selenastrum capricornutum Growth 96 hours 212555.991 191507.380 1596825.00 2122750.00 Pass Pass -32.94

Selenastrum capricornutum Growth 96 hours 212555.991 192874.277 1596825.00 2724700.00 Pass Pass -70.63
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Selenastrum capricornutum Growth 96 hours 212555.991 230009.985 1596825.00 2028600.00 Pass Pass -27.04

Selenastrum capricornutum Growth 96 hours 212555.991 192181.432 1596825.00 1165807.50 Fail Fail 26.99

Selenastrum capricornutum Growth 96 hours 212555.991 116655.401 1596825.00 2424625.00 Pass Pass -51.84

Selenastrum capricornutum Growth 96 hours 190042.002 51827.687 2195925.00 3312525.00 Pass Pass -50.85

Selenastrum capricornutum Growth 96 hours 190042.002 403402.950 2195925.00 3051200.00 Pass Pass -38.95

Selenastrum capricornutum Growth 96 hours 190042.002 246518.483 2195925.00 3079875.00 Pass Pass -40.25

Selenastrum capricornutum Growth 96 hours 190042.002 139190.768 2195925.00 3330950.00 Pass Pass -51.69

Selenastrum capricornutum Growth 96 hours 190042.002 102886.973 2195925.00 3494825.00 Pass Pass -59.15

Selenastrum capricornutum Growth 96 hours 190042.002 70794.421 2195925.00 3458850.00 Pass Pass -57.51

Selenastrum capricornutum Growth 96 hours 190042.002 248610.901 2195925.00 2983000.00 Pass Pass -35.84

Selenastrum capricornutum Growth 96 hours 190042.002 118281.050 2195925.00 648292.50 Fail Fail 70.48

Selenastrum capricornutum Growth 96 hours 190042.002 220988.708 2195925.00 2931925.00 Pass Pass -33.52

Selenastrum capricornutum Growth 96 hours 190042.002 228005.137 2195925.00 3091875.00 Pass Pass -40.80

Ceriodaphnia dubia Reproduction 6-8 day 1.698 5.877 22.40 19.10 Pass Pass 14.73

Ceriodaphnia dubia Reproduction 6-8 day 1.698 6.019 22.40 15.70 Fail Fail 29.91

Ceriodaphnia dubia Reproduction 6-8 day 1.698 3.399 22.40 21.00 Pass Pass 6.25

Ceriodaphnia dubia Reproduction 6-8 day 1.698 0.000 22.40 0.00 Fail Fail 100.00

Ceriodaphnia dubia Reproduction 6-8 day 5.669 5.466 19.61 17.10 Pass Pass 12.80

Ceriodaphnia dubia Reproduction 6-8 day 5.669 5.547 19.61 17.90 Pass Pass 8.73

Ceriodaphnia dubia Reproduction 6-8 day 5.669 0.000 19.61 0.00 Fail Fail 100.00

Ceriodaphnia dubia Reproduction 6-8 day 5.875 4.927 24.10 14.50 Fail Fail 39.83

Ceriodaphnia dubia Reproduction 6-8 day 5.875 8.904 24.10 15.80 Fail Fail 34.44

Ceriodaphnia dubia Reproduction 6-8 day 5.875 7.200 24.10 17.50 Fail Fail 27.39

Ceriodaphnia dubia Reproduction 6-8 day 5.875 0.000 24.10 0.00 Fail Fail 100.00

Ceriodaphnia dubia Reproduction 6-8 day 7.938 5.754 18.80 18.00 Pass Pass 4.26

Ceriodaphnia dubia Reproduction 6-8 day 7.938 6.290 18.80 17.30 Pass Pass 7.98

Ceriodaphnia dubia Reproduction 6-8 day 7.938 5.759 18.80 20.50 Pass Pass -9.04

Ceriodaphnia dubia Reproduction 6-8 day 2.601 8.430 24.90 20.20 Fail Pass 18.88

Ceriodaphnia dubia Reproduction 6-8 day 2.601 6.088 24.90 27.20 Pass Pass -9.24

Ceriodaphnia dubia Reproduction 6-8 day 4.153 2.404 22.84 21.00 Pass Fail 8.06
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Ceriodaphnia dubia Reproduction 6-8 day 4.153 4.606 22.84 18.90 Pass Fail 17.26

Ceriodaphnia dubia Reproduction 6-8 day 4.153 3.590 22.84 26.00 Pass Pass -13.82

Ceriodaphnia dubia Reproduction 6-8 day 4.153 3.281 22.84 20.10 Pass Fail 12.00

Ceriodaphnia dubia Reproduction 6-8 day 4.978 6.816 22.60 19.70 Pass Pass 12.83

Ceriodaphnia dubia Reproduction 6-8 day 4.978 8.316 22.60 21.40 Pass Pass 5.31

Ceriodaphnia dubia Reproduction 6-8 day 4.528 7.729 26.50 20.20 Fail Fail 23.77

Ceriodaphnia dubia Reproduction 6-8 day 4.528 10.200 26.50 27.40 Pass Pass -3.40

Ceriodaphnia dubia Reproduction 6-8 day 6.818 5.567 21.40 21.10 Pass Pass 1.40

Ceriodaphnia dubia Reproduction 6-8 day 6.818 8.672 21.40 28.10 Pass Pass -31.31

Ceriodaphnia dubia Reproduction 6-8 day 6.818 11.047 21.40 29.40 Pass Pass -37.38

Ceriodaphnia dubia Reproduction 6-8 day 6.818 11.053 21.40 24.80 Pass Pass -15.89

Ceriodaphnia dubia Reproduction 6-8 day 9.275 9.386 22.44 24.90 Pass Pass -10.94

Ceriodaphnia dubia Reproduction 6-8 day 9.275 4.503 22.44 21.50 Pass Pass 4.21

Ceriodaphnia dubia Reproduction 6-8 day 3.528 2.944 27.00 29.00 Pass Pass -7.41

Ceriodaphnia dubia Reproduction 6-8 day 3.528 0.000 27.00 0.00 Fail Fail 100.00

Ceriodaphnia dubia Reproduction 6-8 day 2.271 5.466 26.60 23.90 Pass Pass 10.15

Ceriodaphnia dubia Reproduction 6-8 day 1.542 5.147 20.80 17.40 Pass Fail 16.35

Ceriodaphnia dubia Reproduction 6-8 day 1.542 3.127 20.80 4.00 Fail Fail 80.77

Ceriodaphnia dubia Reproduction 6-8 day 1.542 4.624 20.80 20.40 Pass Pass 1.92

Ceriodaphnia dubia Reproduction 6-8 day 9.877 3.047 24.00 3.57 Fail Fail 85.12

Ceriodaphnia dubia Reproduction 6-8 day 7.833 5.122 24.25 15.70 Fail Fail 35.26

Ceriodaphnia dubia Reproduction 6-8 day 7.833 0.000 24.25 0.00 Fail Fail 100.00

Ceriodaphnia dubia Reproduction 6-8 day 7.833 6.579 24.25 7.80 Fail Fail 67.84

Ceriodaphnia dubia Reproduction 6-8 day 3.882 4.473 17.20 25.30 Pass Pass -47.09

Ceriodaphnia dubia Reproduction 6-8 day 3.882 3.536 17.20 3.67 Fail Fail 78.68

Ceriodaphnia dubia Reproduction 6-8 day 3.882 5.038 17.20 11.40 Fail Fail 33.72

Ceriodaphnia dubia Reproduction 6-8 day 7.453 12.249 24.87 15.40 Fail Pass 38.07

Ceriodaphnia dubia Reproduction 6-8 day 7.453 0.000 24.87 0.00 Fail Fail 100.00

Ceriodaphnia dubia Reproduction 6-8 day 9.805 3.408 20.15 23.50 Pass Pass -16.63

Ceriodaphnia dubia Reproduction 6-8 day 9.805 7.699 20.15 11.56 Fail Fail 42.65
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Ceriodaphnia dubia Reproduction 6-8 day 9.805 4.977 20.15 13.90 Fail Fail 31.02

Ceriodaphnia dubia Reproduction 6-8 day 9.805 7.194 20.15 23.67 Pass Pass -17.45

Ceriodaphnia dubia Reproduction 6-8 day 6.824 7.348 22.40 7.00 Fail Fail 68.75

Ceriodaphnia dubia Reproduction 6-8 day 6.824 0.000 22.40 0.00 Fail Fail 100.00

Ceriodaphnia dubia Reproduction 6-8 day 6.824 7.334 22.40 19.70 Pass Pass 12.05

Ceriodaphnia dubia Reproduction 6-8 day 6.824 0.000 22.40 0.00 Fail Fail 100.00

Pimephales promelas Survival 7 day 5.175 9.574 93.75 92.50 Pass Pass 1.33

Pimephales promelas Survival 7 day 5.175 8.165 93.75 90.00 Pass Pass 4.00

Pimephales promelas Survival 7 day 5.175 37.859 93.75 75.00 Fail Pass 20.00

Pimephales promelas Survival 7 day 5.175 0.000 93.75 100.00 Pass Pass -6.67

Pimephales promelas Biomass 7 day 0.029 0.030 0.25 0.31 Pass Pass -21.31

Pimephales promelas Biomass 7 day 0.029 0.028 0.25 0.28 Pass Pass -10.08

Pimephales promelas Biomass 7 day 0.029 0.130 0.25 0.22 Fail Pass 14.36

Pimephales promelas Biomass 7 day 0.029 0.026 0.25 0.28 Pass Pass -11.18

Pimephales promelas Survival 7 day 7.071 5.000 92.50 92.50 Pass Pass 0.00

Pimephales promelas Survival 7 day 7.071 14.142 92.50 90.00 Pass Pass 2.70

Pimephales promelas Survival 7 day 7.071 5.000 92.50 97.50 Pass Pass -5.41

Pimephales promelas Biomass 7 day 0.031 0.024 0.31 0.34 Pass Pass -12.05

Pimephales promelas Biomass 7 day 0.031 0.025 0.31 0.37 Pass Pass -20.20

Pimephales promelas Biomass 7 day 0.031 0.053 0.31 0.34 Pass Pass -10.75

Pimephales promelas Survival 7 day 3.536 0.000 98.75 100.00 Pass Pass -1.27

Pimephales promelas Survival 7 day 3.536 9.574 98.75 92.50 Pass Pass 6.33

Pimephales promelas Survival 7 day 3.536 0.000 98.75 100.00 Pass Pass -1.27

Pimephales promelas Survival 7 day 3.536 5.000 98.75 97.50 Pass Pass 1.27

Pimephales promelas Biomass 7 day 0.018 0.016 0.30 0.32 Pass Pass -3.65

Pimephales promelas Biomass 7 day 0.018 0.061 0.30 0.28 Pass Pass 7.84

Pimephales promelas Biomass 7 day 0.018 0.027 0.30 0.31 Pass Pass -1.03

Pimephales promelas Biomass 7 day 0.018 0.010 0.30 0.29 Pass Pass 4.06

Pimephales promelas Survival 7 day 4.893 5.000 97.36 97.50 Pass Pass -0.14

Pimephales promelas Survival 7 day 4.893 5.000 97.36 97.50 Pass Pass -0.14
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Pimephales promelas Survival 7 day 4.893 5.000 97.36 97.50 Pass Pass -0.14

Pimephales promelas Biomass 7 day 0.014 0.009 0.27 0.31 Pass Pass -15.89

Pimephales promelas Biomass 7 day 0.014 0.024 0.27 0.26 Pass Pass 2.51

Pimephales promelas Biomass 7 day 0.014 0.023 0.27 0.24 Pass Fail 9.85

Pimephales promelas Survival 7 day 5.345 10.000 95.00 85.00 Pass Pass 10.53

Pimephales promelas Survival 7 day 5.345 5.000 95.00 97.50 Pass Pass -2.63

Pimephales promelas Survival 7 day 5.345 5.000 95.00 97.50 Pass Pass -2.63

Pimephales promelas Survival 7 day 5.345 5.000 95.00 97.50 Pass Pass -2.63

Pimephales promelas Survival 7 day 5.345 5.774 95.00 95.00 Pass Pass 0.00

Pimephales promelas Survival 7 day 5.345 0.000 95.00 100.00 Pass Pass -5.26

Pimephales promelas Biomass 7 day 0.027 0.031 0.27 0.27 Pass Pass 1.42

Pimephales promelas Biomass 7 day 0.027 0.037 0.27 0.28 Pass Pass -1.88

Pimephales promelas Biomass 7 day 0.027 0.028 0.27 0.28 Pass Pass -2.16

Pimephales promelas Biomass 7 day 0.027 0.027 0.27 0.27 Pass Pass -0.78

Pimephales promelas Biomass 7 day 0.027 0.015 0.27 0.27 Pass Pass 2.43

Pimephales promelas Biomass 7 day 0.027 0.005 0.27 0.32 Pass Pass -16.11

Pimephales promelas Survival 7 day 6.409 5.774 91.25 95.00 Pass Pass -4.11

Pimephales promelas Survival 7 day 6.409 8.165 91.25 80.00 Pass Fail 12.33

Pimephales promelas Biomass 7 day 0.026 0.038 0.24 0.26 Pass Pass -7.53

Pimephales promelas Biomass 7 day 0.026 0.043 0.24 0.23 Pass Pass 5.46

Pimephales promelas Survival 7 day 0.000 5.000 100.00 97.50 Pass Pass 2.50

Pimephales promelas Survival 7 day 0.000 5.000 100.00 97.50 Pass Pass 2.50

Pimephales promelas Biomass 7 day 0.014 0.021 0.33 0.33 Pass Pass -2.08

Pimephales promelas Biomass 7 day 0.014 0.008 0.33 0.36 Pass Pass -9.68

Pimephales promelas Survival 7 day 0.000 5.000 100.00 97.50 Pass Pass 2.50

Pimephales promelas Survival 7 day 0.000 5.000 100.00 97.50 Pass Pass 2.50

Pimephales promelas Survival 7 day 0.000 5.000 100.00 97.50 Pass Pass 2.50

Pimephales promelas Survival 7 day 0.000 0.000 100.00 100.00 Pass Pass 0.00

Pimephales promelas Biomass 7 day 0.026 0.069 0.47 0.57 Pass Pass -21.81

Pimephales promelas Biomass 7 day 0.026 0.044 0.47 0.50 Pass Pass -5.32
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Pimephales promelas Biomass 7 day 0.026 0.036 0.47 0.52 Pass Pass -11.17

Pimephales promelas Biomass 7 day 0.026 0.059 0.47 0.54 Pass Pass -14.89

Pimephales promelas Survival 7 day 5.000 5.000 92.50 97.50 Pass Pass -5.41

Pimephales promelas Survival 7 day 5.000 0.000 92.50 100.00 Pass Pass -8.11

Pimephales promelas Biomass 7 day 0.033 0.051 0.47 0.54 Pass Pass -15.05

Pimephales promelas Biomass 7 day 0.033 0.026 0.47 0.56 Pass Pass -20.97

Pimephales promelas Survival 7 day 0.000 5.000 100.00 97.50 Pass Pass 2.50

Pimephales promelas Survival 7 day 0.000 5.774 100.00 95.00 Pass Pass 5.00

Pimephales promelas Biomass 7 day 0.029 0.033 0.22 0.26 Pass Pass -18.45

Pimephales promelas Biomass 7 day 0.029 0.011 0.22 0.21 Pass Pass 2.65

Pimephales promelas Survival 7 day 15.000 9.323 92.50 82.25 Fail Pass 11.08

Pimephales promelas Survival 7 day 15.000 5.774 92.50 95.00 Pass Pass -2.70

Pimephales promelas Survival 7 day 15.000 5.774 92.50 95.00 Pass Pass -2.70

Pimephales promelas Biomass 7 day 0.036 0.045 0.24 0.21 Pass Pass 12.26

Pimephales promelas Biomass 7 day 0.036 0.026 0.24 0.22 Pass Pass 8.58

Pimephales promelas Biomass 7 day 0.036 0.014 0.24 0.28 Pass Pass -12.46

Pimephales promelas Survival 7 day 5.175 14.387 96.25 83.50 Pass Pass 13.25

Pimephales promelas Survival 7 day 5.175 11.547 96.25 90.00 Pass Pass 6.49

Pimephales promelas Survival 7 day 5.175 5.000 96.25 92.50 Pass Pass 3.90

Pimephales promelas Biomass 7 day 0.026 0.051 0.33 0.30 Pass Pass 7.73

Pimephales promelas Biomass 7 day 0.026 0.021 0.33 0.35 Pass Pass -6.36

Pimephales promelas Biomass 7 day 0.026 0.044 0.33 0.34 Pass Pass -2.76

Pimephales promelas Survival 7 day 5.000 14.142 97.50 90.00 Pass Pass 7.69

Pimephales promelas Biomass 7 day 0.027 0.065 0.33 0.30 Pass Pass 6.81

Pimephales promelas Survival 7 day 4.629 5.000 97.50 97.50 Pass Pass 0.00

Pimephales promelas Survival 7 day 4.629 5.000 97.50 92.50 Pass Pass 5.13

Pimephales promelas Survival 7 day 4.629 5.000 97.50 97.50 Pass Pass 0.00

Pimephales promelas Biomass 7 day 0.042 0.025 0.42 0.39 Pass Pass 7.55

Pimephales promelas Biomass 7 day 0.042 0.004 0.42 0.41 Pass Pass 1.52

Pimephales promelas Biomass 7 day 0.042 0.040 0.42 0.42 Pass Pass 0.63
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Pimephales promelas Survival 7 day 5.000 9.574 97.50 92.50 Pass Pass 5.13

Pimephales promelas Survival 7 day 5.000 5.000 97.50 97.50 Pass Pass 0.00

Pimephales promelas Biomass 7 day 0.021 0.038 0.39 0.42 Pass Pass -8.01

Pimephales promelas Biomass 7 day 0.021 0.022 0.39 0.38 Pass Pass 1.99

Pimephales promelas Survival 7 day 0.000 5.000 100.00 97.50 Pass Pass 2.50

Pimephales promelas Survival 7 day 0.000 5.000 100.00 97.50 Pass Pass 2.50

Pimephales promelas Survival 7 day 0.000 5.000 100.00 97.50 Pass Pass 2.50

Pimephales promelas Biomass 7 day 0.054 0.030 0.42 0.45 Pass Pass -6.77

Pimephales promelas Biomass 7 day 0.054 0.075 0.42 0.50 Pass Pass -18.00

Pimephales promelas Biomass 7 day 0.054 0.044 0.42 0.46 Pass Pass -8.72

Pimephales promelas Survival 7 day 0.000 5.000 100.00 97.50 Pass Pass 2.50

Pimephales promelas Biomass 7 day 0.035 0.043 0.42 0.41 Pass Pass 2.53

Pimephales promelas Survival 7 day 0.000 0.000 100.00 100.00 Pass Pass 0.00

Pimephales promelas Survival 7 day 0.000 0.000 100.00 100.00 Pass Pass 0.00

Pimephales promelas Survival 7 day 0.000 0.000 100.00 0.00 Fail Fail 100.00

Pimephales promelas Biomass 7 day 0.022 0.040 0.43 0.49 Pass Pass -13.68

Pimephales promelas Biomass 7 day 0.022 0.023 0.43 0.51 Pass Pass -17.26

Pimephales promelas Biomass 7 day 0.022 0.000 0.43 0.00 Fail Fail 100.00

Pimephales promelas Survival 7 day 0.000 5.000 100.00 97.50 Pass Pass 2.50

Pimephales promelas Biomass 7 day 0.036 0.041 0.51 0.49 Pass Pass 3.15

Ceriodaphnia dubia Reproduction 6-8 day 6.839 6.250 13.90 22.80 Pass Pass -64.03

Ceriodaphnia dubia Reproduction 6-8 day 6.839 5.562 13.90 14.60 Pass Pass -5.04

Ceriodaphnia dubia Reproduction 6-8 day 5.442 7.781 18.50 15.90 Fail Pass 14.05

Ceriodaphnia dubia Reproduction 6-8 day 5.442 9.240 18.50 28.40 Pass Pass -53.51

Ceriodaphnia dubia Reproduction 6-8 day 5.442 5.280 18.50 30.90 Pass Pass -67.03

Ceriodaphnia dubia Reproduction 6-8 day 5.442 4.290 18.50 20.20 Pass Pass -9.19

Ceriodaphnia dubia Reproduction 6-8 day 5.442 4.944 18.50 25.00 Pass Pass -35.14

Ceriodaphnia dubia Reproduction 6-8 day 6.816 4.163 25.70 21.00 Fail Fail 18.29

Ceriodaphnia dubia Reproduction 6-8 day 6.816 5.397 25.70 27.70 Pass Pass -7.78

Ceriodaphnia dubia Reproduction 6-8 day 2.966 7.688 27.20 25.00 Pass Pass 8.09



TST Test Drive 12/13/2011

125

Test Species Endpoint Duration Control SD Sample SD Control Mean Sample Mean
TST Pass or

Fail
NOEC Pass or

Fail
Mean % Effect at

100% Sample

Ceriodaphnia dubia Reproduction 6-8 day 2.966 7.923 27.20 24.10 Pass Pass 11.40

Ceriodaphnia dubia Reproduction 6-8 day 2.966 6.707 27.20 23.10 Pass Fail 15.07

Ceriodaphnia dubia Reproduction 6-8 day 6.019 5.255 16.30 6.89 Fail Fail 57.74

Ceriodaphnia dubia Reproduction 6-8 day 6.019 6.960 16.30 33.78 Pass Pass -107.23

Ceriodaphnia dubia Reproduction 6-8 day 8.738 11.351 29.60 26.80 Pass Pass 9.46

Ceriodaphnia dubia Reproduction 6-8 day 8.738 7.177 29.60 32.80 Pass Pass -10.81

Ceriodaphnia dubia Reproduction 6-8 day 8.738 8.276 29.60 30.40 Pass Pass -2.70

Ceriodaphnia dubia Reproduction 6-8 day 6.750 7.040 28.90 15.00 Fail Fail 48.10

Ceriodaphnia dubia Reproduction 6-8 day 6.750 4.408 28.90 21.10 Fail Fail 26.99

Ceriodaphnia dubia Reproduction 6-8 day 3.887 8.603 29.00 9.30 Fail Fail 67.93

Pimephales promelas Survival 7 day 5.000 9.574 97.50 7.50 Fail Fail 92.31

Pimephales promelas Survival 7 day 5.000 0.000 97.50 100.00 Pass Pass -2.56

Pimephales promelas Biomass 7 day 0.031 0.022 0.48 0.02 Fail Fail 96.79

Pimephales promelas Biomass 7 day 0.031 0.015 0.48 0.50 Pass Pass -3.11

Pimephales promelas Survival 7 day 0.000 5.000 100.00 97.50 Pass Pass 2.50

Pimephales promelas Biomass 7 day 0.028 0.053 0.54 0.67 Pass Pass -22.58

Pimephales promelas Survival 7 day 5.000 0.000 97.50 100.00 Pass Pass -2.56

Pimephales promelas Survival 7 day 5.000 0.000 97.50 100.00 Pass Pass -2.56

Pimephales promelas Survival 7 day 4.629 0.000 97.50 100.00 Pass Pass -2.56

Pimephales promelas Survival 7 day 4.629 0.000 97.50 100.00 Pass Pass -2.56

Pimephales promelas Biomass 7 day 0.050 0.040 0.48 0.45 Pass Pass 7.75

Pimephales promelas Biomass 7 day 0.050 0.026 0.48 0.51 Pass Pass -5.89

Pimephales promelas Survival 7 day 7.440 5.000 96.25 92.50 Pass Pass 3.90

Pimephales promelas Survival 7 day 7.440 33.665 96.25 80.00 Fail Pass 16.88

Pimephales promelas Survival 7 day 7.440 5.000 96.25 97.50 Pass Pass -1.30

Pimephales promelas Biomass 7 day 0.036 0.015 0.38 0.42 Pass Pass -11.91

Pimephales promelas Biomass 7 day 0.036 0.126 0.38 0.36 Pass Pass 3.42

Pimephales promelas Biomass 7 day 0.036 0.025 0.38 0.40 Pass Pass -5.07

Pimephales promelas Survival 7 day 0.000 5.000 100.00 97.50 Pass Pass 2.50

Pimephales promelas Survival 7 day 0.000 5.000 100.00 97.50 Pass Pass 2.50
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Pimephales promelas Survival 7 day 0.000 21.197 100.00 73.00 Fail Fail 27.00

Pimephales promelas Survival 7 day 0.000 5.000 100.00 97.50 Pass Pass 2.50

Pimephales promelas Biomass 7 day 0.035 0.037 0.42 0.40 Pass Pass 4.10

Pimephales promelas Biomass 7 day 0.035 0.053 0.42 0.45 Pass Pass -6.31

Pimephales promelas Biomass 7 day 0.035 0.076 0.42 0.39 Pass Pass 6.07

Pimephales promelas Biomass 7 day 0.035 0.032 0.42 0.42 Pass Pass -1.07

Pimephales promelas Survival 7 day 5.774 18.257 95.00 20.00 Fail Pass 78.95

Pimephales promelas Biomass 7 day 0.023 0.071 0.41 0.08 Fail Fail 80.38

Selenastrum capricornutum Growth 96 hours 49856.938 166207.701 1270000.00 1412500.00 Pass Pass -11.22

Selenastrum capricornutum Growth 96 hours 49856.938 231084.400 1270000.00 1520000.00 Pass Pass -19.69

Selenastrum capricornutum Growth 96 hours 323901.991 238938.625 1816250.00 1367500.00 Fail Fail 24.71

Selenastrum capricornutum Growth 96 hours 323901.991 451248.269 1816250.00 1907500.00 Pass Pass -5.02

Selenastrum capricornutum Growth 96 hours 323901.991 533190.085 1816250.00 2157500.00 Pass Pass -18.79

Selenastrum capricornutum Growth 96 hours 323901.991 351129.131 1816250.00 2172500.00 Pass Pass -19.61

Selenastrum capricornutum Growth 96 hours 323901.991 545068.803 1816250.00 2095000.00 Pass Pass -15.35

Selenastrum capricornutum Growth 96 hours 323901.991 549363.268 1816250.00 2060000.00 Pass Pass -13.42

Selenastrum capricornutum Growth 96 hours 323901.991 735045.350 1816250.00 2017500.00 Pass Pass -11.08

Selenastrum capricornutum Growth 96 hours 323901.991 194422.221 1816250.00 2080000.00 Pass Pass -14.52

Selenastrum capricornutum Growth 96 hours 329808.179 355858.313 1771386.63 1472840.00 Pass Pass 16.85

Ceriodaphnia dubia Reproduction 6-8 day 5.910 1.969 20.60 25.10 Pass Pass -21.84

Ceriodaphnia dubia Reproduction 6-8 day 5.910 3.596 20.60 22.40 Pass Pass -8.74

Ceriodaphnia dubia Reproduction 6-8 day 4.853 10.891 25.62 20.20 Fail Pass 21.15

Ceriodaphnia dubia Reproduction 6-8 day 4.853 4.756 25.62 22.80 Pass Fail 11.00

Ceriodaphnia dubia Reproduction 6-8 day 4.853 1.494 25.62 30.30 Pass Pass -18.27

Ceriodaphnia dubia Reproduction 6-8 day 4.853 5.794 25.62 24.30 Pass Pass 5.15

Ceriodaphnia dubia Reproduction 6-8 day 4.853 5.033 25.62 25.00 Pass Pass 2.42

Ceriodaphnia dubia Reproduction 6-8 day 4.853 5.859 25.62 25.10 Pass Pass 2.03

Ceriodaphnia dubia Reproduction 6-8 day 4.853 4.397 25.62 22.00 Pass Fail 14.13

Ceriodaphnia dubia Reproduction 6-8 day 4.853 6.055 25.62 24.00 Pass Pass 6.32

Ceriodaphnia dubia Reproduction 6-8 day 2.594 2.860 21.10 24.80 Pass Pass -17.54
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Ceriodaphnia dubia Reproduction 6-8 day 12.580 3.688 17.60 21.60 Pass Pass -22.73

Ceriodaphnia dubia Reproduction 6-8 day 12.580 1.886 17.60 25.00 Pass Pass -42.05

Ceriodaphnia dubia Reproduction 6-8 day 12.580 4.625 17.60 26.50 Pass Pass -50.57

Ceriodaphnia dubia Reproduction 6-8 day 12.580 3.929 17.60 20.10 Pass Pass -14.20

Ceriodaphnia dubia Reproduction 6-8 day 12.580 8.894 17.60 23.00 Pass Pass -30.68

Ceriodaphnia dubia Reproduction 6-8 day 12.580 6.360 17.60 20.70 Pass Pass -17.61

Ceriodaphnia dubia Reproduction 6-8 day 2.473 3.718 20.70 26.40 Pass Pass -27.54

Ceriodaphnia dubia Reproduction 6-8 day 2.473 2.875 20.70 3.40 Fail Fail 83.57

Ceriodaphnia dubia Reproduction 6-8 day 2.473 5.964 20.70 8.70 Fail Fail 57.97

Ceriodaphnia dubia Reproduction 6-8 day 2.473 5.587 20.70 12.10 Fail Fail 41.55

Ceriodaphnia dubia Reproduction 6-8 day 2.644 4.442 19.11 7.80 Fail Fail 59.17

Ceriodaphnia dubia Reproduction 6-8 day 2.644 3.872 19.11 17.90 Pass Pass 6.31

Ceriodaphnia dubia Reproduction 6-8 day 2.644 4.410 19.11 16.22 Pass Fail 15.09

Ceriodaphnia dubia Reproduction 6-8 day 2.644 1.160 19.11 18.70 Pass Pass 2.12

Ceriodaphnia dubia Reproduction 6-8 day 3.736 5.559 24.80 25.70 Pass Pass -3.63

Ceriodaphnia dubia Reproduction 6-8 day 3.736 4.223 24.80 19.50 Fail Fail 21.37

Ceriodaphnia dubia Reproduction 6-8 day 8.396 5.539 20.47 9.30 Fail Fail 54.58

Ceriodaphnia dubia Reproduction 6-8 day 8.396 8.403 20.47 19.11 Pass Pass 6.66

Ceriodaphnia dubia Reproduction 6-8 day 8.396 6.999 20.47 19.90 Pass Pass 2.80

Ceriodaphnia dubia Reproduction 6-8 day 4.659 6.106 21.58 13.44 Fail Fail 37.70

Ceriodaphnia dubia Reproduction 6-8 day 4.659 7.903 21.58 15.70 Fail Fail 27.24

Ceriodaphnia dubia Reproduction 6-8 day 4.659 4.248 21.58 4.60 Fail Fail 78.68

Ceriodaphnia dubia Reproduction 6-8 day 4.659 8.351 21.58 8.80 Fail Fail 59.22

Ceriodaphnia dubia Reproduction 6-8 day 3.234 5.836 20.70 13.50 Fail Fail 34.78

Selenastrum capricornutum Growth 96 hours 64293.597 109741.374 2779100.00 3790825.00 Pass Pass -36.40

Selenastrum capricornutum Growth 96 hours 64293.597 89038.082 2779100.00 3497500.00 Pass Pass -25.85

Selenastrum capricornutum Growth 96 hours 62480.257 140356.436 2197125.00 2219225.00 Pass Pass -1.01

Selenastrum capricornutum Growth 96 hours 62480.257 175610.041 2197125.00 2330600.00 Pass Pass -6.07

Selenastrum capricornutum Growth 96 hours 62480.257 151383.143 2197125.00 2477125.00 Pass Pass -12.74

Selenastrum capricornutum Growth 96 hours 62480.257 192962.086 2197125.00 2525500.00 Pass Pass -14.95
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Selenastrum capricornutum Growth 96 hours 62480.257 259308.380 2197125.00 2785825.00 Pass Pass -26.79

Selenastrum capricornutum Growth 96 hours 85754.230 286239.993 1775833.33 1890000.00 Pass Pass -6.43

Selenastrum capricornutum Growth 96 hours 85754.230 278373.251 1775833.33 1897500.00 Pass Pass -6.85

Selenastrum capricornutum Growth 96 hours 163832.449 285467.453 3121250.00 5142500.00 Pass Pass -64.76

Selenastrum capricornutum Growth 96 hours 163832.449 152861.593 3121250.00 5255000.00 Pass Pass -68.36

Selenastrum capricornutum Growth 96 hours 103923.048 257293.607 1920000.00 2010000.00 Pass Pass -4.69

Selenastrum capricornutum Growth 96 hours 320975.077 267145.404 2427500.00 1935000.00 Fail Fail 20.29

Selenastrum capricornutum Growth 96 hours 320975.077 115707.606 2427500.00 518750.00 Fail Fail 78.63

Selenastrum capricornutum Growth 96 hours 320975.077 173469.498 2427500.00 1447500.00 Fail Fail 40.37

Selenastrum capricornutum Growth 96 hours 320975.077 238100.119 2427500.00 1797500.00 Fail Fail 25.95

Selenastrum capricornutum Growth 96 hours 320975.077 177270.979 2427500.00 1242500.00 Fail Fail 48.82

Selenastrum capricornutum Growth 96 hours 320975.077 197061.750 2427500.00 1695000.00 Fail Fail 30.18

Selenastrum capricornutum Growth 96 hours 217436.362 204837.334 1367500.00 1572500.00 Pass Pass -14.99

Selenastrum capricornutum Growth 96 hours 217436.362 236149.670 1367500.00 1515000.00 Pass Pass -10.79

Selenastrum capricornutum Growth 96 hours 217436.362 134288.247 1367500.00 1885000.00 Pass Pass -37.84

Selenastrum capricornutum Growth 96 hours 117222.316 137689.264 1286250.00 1497500.00 Pass Pass -16.42

Selenastrum capricornutum Growth 96 hours 78049.130 55602.758 2397500.00 1707500.00 Fail Fail 28.78

Selenastrum capricornutum Growth 96 hours 78049.130 168936.872 2397500.00 732500.00 Fail Fail 69.45

Selenastrum capricornutum Growth 96 hours 78049.130 62856.318 2397500.00 607750.00 Fail Fail 74.65

Selenastrum capricornutum Growth 96 hours 78049.130 62655.141 2397500.00 525500.00 Fail Fail 78.08

Selenastrum capricornutum Growth 96 hours 78049.130 66284.739 2397500.00 549500.00 Fail Fail 77.08

Ceriodaphnia dubia Reproduction 6-8 day 3.837 2.449 25.50 32.67 Pass Pass -28.10

Ceriodaphnia dubia Reproduction 6-8 day 3.837 4.006 25.50 28.60 Pass Pass -12.16

Ceriodaphnia dubia Reproduction 6-8 day 3.837 2.025 25.50 28.90 Pass Pass -13.33

Ceriodaphnia dubia Reproduction 6-8 day 3.837 2.765 25.50 29.25 Pass Pass -14.71

Ceriodaphnia dubia Reproduction 6-8 day 3.837 3.991 25.50 28.75 Pass Pass -12.75

Ceriodaphnia dubia Reproduction 6-8 day 3.837 6.058 25.50 30.88 Pass Pass -21.08

Ceriodaphnia dubia Reproduction 6-8 day 2.989 7.709 29.40 12.10 Fail Fail 58.84

Ceriodaphnia dubia Reproduction 6-8 day 2.989 6.822 29.40 16.90 Fail Fail 42.52

Ceriodaphnia dubia Reproduction 6-8 day 2.989 4.897 29.40 28.63 Pass Pass 2.64



TST Test Drive 12/13/2011

129

Test Species Endpoint Duration Control SD Sample SD Control Mean Sample Mean
TST Pass or

Fail
NOEC Pass or

Fail
Mean % Effect at

100% Sample

Ceriodaphnia dubia Reproduction 6-8 day 2.989 3.536 29.40 26.50 Pass Fail 9.86

Ceriodaphnia dubia Reproduction 6-8 day 2.989 4.296 29.40 31.30 Pass Pass -6.46

Pimephales promelas Survival 7 day 5.774 5.000 95.00 97.50 Pass Pass -2.63

Pimephales promelas Survival 7 day 5.774 0.000 95.00 100.00 Pass Pass -5.26

Pimephales promelas Survival 7 day 5.774 0.000 95.00 100.00 Pass Pass -5.26

Pimephales promelas Survival 7 day 5.774 0.000 95.00 100.00 Pass Pass -5.26

Pimephales promelas Survival 7 day 5.774 0.000 95.00 100.00 Pass Pass -5.26

Pimephales promelas Survival 7 day 5.774 0.000 95.00 100.00 Pass Pass -5.26

Pimephales promelas Biomass 7 day 0.097 0.100 0.45 0.51 Pass Pass -13.44

Pimephales promelas Biomass 7 day 0.097 0.080 0.45 0.56 Pass Pass -24.65

Pimephales promelas Biomass 7 day 0.097 0.015 0.45 0.52 Pass Pass -15.60

Pimephales promelas Biomass 7 day 0.097 0.027 0.45 0.53 Pass Pass -17.77

Pimephales promelas Biomass 7 day 0.097 0.023 0.45 0.62 Pass Pass -38.70

Pimephales promelas Biomass 7 day 0.097 0.045 0.45 0.56 Pass Pass -23.88

Selenastrum capricornutum Growth 96 hours 175611.313 82285.580 1174000.00 1980250.00 Pass Pass -68.68

Selenastrum capricornutum Growth 96 hours 175611.313 119201.161 1174000.00 2399250.00 Pass Pass -104.37

Selenastrum capricornutum Growth 96 hours 175611.313 155534.294 1174000.00 1965750.00 Pass Pass -67.44

Selenastrum capricornutum Growth 96 hours 175611.313 174832.062 1174000.00 2373750.00 Pass Pass -102.19

Selenastrum capricornutum Growth 96 hours 175611.313 2081.666 1174000.00 36500.00 Fail Fail 96.89

Selenastrum capricornutum Growth 96 hours 175611.313 182035.482 1174000.00 2037250.00 Pass Pass -73.53

Selenastrum capricornutum Growth 96 hours 175611.313 8098.354 1174000.00 82750.00 Fail Fail 92.95

Ceriodaphnia dubia Reproduction 6-8 day 1.524 3.011 23.10 22.20 Pass Pass 3.90

Ceriodaphnia dubia Reproduction 6-8 day 5.153 5.623 22.63 16.43 Fail Fail 27.39

Ceriodaphnia dubia Reproduction 6-8 day 3.866 6.464 19.50 35.00 Pass Pass -79.49

Ceriodaphnia dubia Reproduction 6-8 day 3.866 0.000 19.50 0.00 Fail Fail 100.00

Ceriodaphnia dubia Reproduction 6-8 day 3.866 6.550 19.50 33.70 Pass Pass -72.82

Ceriodaphnia dubia Reproduction 6-8 day 3.866 7.852 19.50 36.90 Pass Pass -89.23

Ceriodaphnia dubia Reproduction 6-8 day 3.866 7.226 19.50 32.00 Pass Pass -64.10

Ceriodaphnia dubia Reproduction 6-8 day 3.866 8.514 19.50 32.40 Pass Pass -66.15

Ceriodaphnia dubia Reproduction 6-8 day 3.866 5.384 19.50 33.10 Pass Pass -69.74
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Ceriodaphnia dubia Reproduction 6-8 day 3.866 0.000 19.50 0.00 Fail Fail 100.00

Ceriodaphnia dubia Reproduction 6-8 day 3.866 0.000 19.50 0.00 Fail Fail 100.00

Ceriodaphnia dubia Reproduction 6-8 day 3.866 12.239 19.50 26.70 Pass Pass -36.92

Ceriodaphnia dubia Reproduction 6-8 day 3.866 6.430 19.50 36.70 Pass Pass -88.21

Ceriodaphnia dubia Reproduction 6-8 day 3.866 11.227 19.50 16.40 Fail Pass 15.90

Ceriodaphnia dubia Reproduction 6-8 day 2.588 10.012 27.88 19.33 Fail Fail 30.64

Ceriodaphnia dubia Reproduction 6-8 day 2.588 0.000 27.88 0.00 Fail Fail 100.00

Ceriodaphnia dubia Reproduction 6-8 day 2.588 11.622 27.88 7.20 Fail Fail 74.17

Ceriodaphnia dubia Reproduction 6-8 day 2.588 3.378 27.88 26.63 Pass Pass 4.48

Ceriodaphnia dubia Reproduction 6-8 day 2.588 10.366 27.88 27.22 Pass Pass 2.34

Ceriodaphnia dubia Reproduction 6-8 day 2.588 5.431 27.88 28.67 Pass Pass -2.84

Ceriodaphnia dubia Reproduction 6-8 day 2.588 5.431 27.88 19.67 Fail Fail 29.45

Ceriodaphnia dubia Reproduction 6-8 day 2.588 0.000 27.88 0.00 Fail Fail 100.00

Ceriodaphnia dubia Reproduction 6-8 day 2.588 13.501 27.88 6.40 Fail Fail 77.04

Ceriodaphnia dubia Reproduction 6-8 day 2.588 9.286 27.88 21.30 Fail Fail 23.59

Ceriodaphnia dubia Reproduction 6-8 day 2.588 7.097 27.88 26.89 Pass Pass 3.54

Ceriodaphnia dubia Reproduction 6-8 day 2.588 7.060 27.88 18.13 Fail Fail 34.98

Ceriodaphnia dubia Reproduction 6-8 day 8.656 5.736 19.40 30.70 Pass Pass -58.25

Ceriodaphnia dubia Reproduction 6-8 day 8.656 13.944 19.40 17.22 Fail Pass 11.23

Ceriodaphnia dubia Reproduction 6-8 day 8.656 10.220 19.40 26.30 Pass Pass -35.57

Ceriodaphnia dubia Reproduction 6-8 day 8.656 7.382 19.40 28.00 Pass Pass -44.33

Ceriodaphnia dubia Reproduction 6-8 day 8.656 13.448 19.40 23.20 Pass Pass -19.59

Ceriodaphnia dubia Reproduction 6-8 day 8.656 0.000 19.40 0.00 Fail Fail 100.00

Ceriodaphnia dubia Reproduction 6-8 day 8.656 6.976 19.40 28.00 Pass Pass -44.33

Ceriodaphnia dubia Reproduction 6-8 day 8.656 0.000 19.40 0.00 Fail Fail 100.00

Ceriodaphnia dubia Reproduction 6-8 day 8.656 0.000 19.40 0.00 Fail Fail 100.00

Ceriodaphnia dubia Reproduction 6-8 day 8.656 6.790 19.40 22.10 Pass Pass -13.92

Ceriodaphnia dubia Reproduction 6-8 day 8.656 2.062 19.40 25.33 Pass Pass -30.58

Ceriodaphnia dubia Reproduction 6-8 day 8.656 3.268 19.40 22.30 Pass Pass -14.95

Ceriodaphnia dubia Reproduction 6-8 day 4.498 4.035 28.30 29.44 Pass Pass -4.04
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Ceriodaphnia dubia Reproduction 6-8 day 4.498 0.000 28.30 0.00 Fail Fail 100.00

Ceriodaphnia dubia Reproduction 6-8 day 4.498 2.503 28.30 28.40 Pass Pass -0.35

Ceriodaphnia dubia Reproduction 6-8 day 4.498 8.319 28.30 22.90 Fail Pass 19.08

Ceriodaphnia dubia Reproduction 6-8 day 4.498 3.830 28.30 28.00 Pass Pass 1.06

Ceriodaphnia dubia Reproduction 6-8 day 4.498 5.633 28.30 26.20 Pass Pass 7.42

Ceriodaphnia dubia Reproduction 6-8 day 4.498 0.000 28.30 0.00 Fail Fail 100.00

Ceriodaphnia dubia Reproduction 6-8 day 4.498 5.160 28.30 11.80 Fail Fail 58.30

Ceriodaphnia dubia Reproduction 6-8 day 10.744 0.000 18.10 0.00 Fail Fail 100.00

Ceriodaphnia dubia Reproduction 6-8 day 10.744 6.812 18.10 3.20 Fail Fail 82.32

Ceriodaphnia dubia Reproduction 6-8 day 7.557 8.524 33.00 16.00 Fail Fail 51.52

Ceriodaphnia dubia Reproduction 6-8 day 7.557 5.808 33.00 42.80 Pass Pass -29.70

Ceriodaphnia dubia Reproduction 6-8 day 7.557 0.000 33.00 0.00 Fail Fail 100.00

Ceriodaphnia dubia Reproduction 6-8 day 7.557 10.602 33.00 30.80 Pass Pass 6.67

Ceriodaphnia dubia Reproduction 6-8 day 7.557 6.056 33.00 38.70 Pass Pass -17.27

Ceriodaphnia dubia Reproduction 6-8 day 7.557 7.036 33.00 37.80 Pass Pass -14.55

Ceriodaphnia dubia Reproduction 6-8 day 7.557 4.453 33.00 42.50 Pass Pass -28.79

Ceriodaphnia dubia Reproduction 6-8 day 7.557 11.208 33.00 45.11 Pass Pass -36.70

Ceriodaphnia dubia Reproduction 6-8 day 7.557 0.000 33.00 0.00 Fail Fail 100.00

Ceriodaphnia dubia Reproduction 6-8 day 7.557 0.000 33.00 0.00 Fail Fail 100.00

Ceriodaphnia dubia Reproduction 6-8 day 7.557 12.420 33.00 30.60 Pass Pass 7.27

Ceriodaphnia dubia Reproduction 6-8 day 7.557 4.296 33.00 44.30 Pass Pass -34.24

Ceriodaphnia dubia Reproduction 6-8 day 8.613 5.051 25.20 29.20 Pass Pass -15.87

Ceriodaphnia dubia Reproduction 6-8 day 8.613 0.000 25.20 0.00 Fail Fail 100.00

Ceriodaphnia dubia Reproduction 6-8 day 8.613 10.042 25.20 25.20 Pass Pass 0.00

Ceriodaphnia dubia Reproduction 6-8 day 8.613 14.490 25.20 23.20 Fail Pass 7.94

Ceriodaphnia dubia Reproduction 6-8 day 8.613 10.199 25.20 23.30 Pass Pass 7.54

Ceriodaphnia dubia Reproduction 6-8 day 8.613 8.222 25.20 18.60 Fail Fail 26.19

Ceriodaphnia dubia Reproduction 6-8 day 8.613 7.927 25.20 18.20 Fail Fail 27.78

Ceriodaphnia dubia Reproduction 6-8 day 8.613 0.000 25.20 0.00 Fail Fail 100.00

Ceriodaphnia dubia Reproduction 6-8 day 8.613 0.000 25.20 0.00 Fail Fail 100.00
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Ceriodaphnia dubia Reproduction 6-8 day 8.613 14.362 25.20 19.60 Fail Pass 22.22

Ceriodaphnia dubia Reproduction 6-8 day 8.613 13.744 25.20 20.70 Fail Pass 17.86

Ceriodaphnia dubia Reproduction 6-8 day 8.613 0.000 25.20 0.00 Fail Fail 100.00

Selenastrum capricornutum Growth 96 hours 74386.379 63508.530 1150000.00 1405000.00 Pass Pass -22.17

Selenastrum capricornutum Growth 96 hours 74386.379 26299.556 1150000.00 1407500.00 Pass Pass -22.39

Selenastrum capricornutum Growth 96 hours 74386.379 30956.959 1150000.00 1367500.00 Pass Pass -18.91

Selenastrum capricornutum Growth 96 hours 74386.379 34034.296 1150000.00 1412500.00 Pass Pass -22.83

Selenastrum capricornutum Growth 96 hours 74386.379 57154.761 1150000.00 1350000.00 Pass Pass -17.39

Selenastrum capricornutum Growth 96 hours 74386.379 71355.915 1150000.00 1307500.00 Pass Pass -13.70

Selenastrum capricornutum Growth 96 hours 74386.379 70000.000 1150000.00 1255000.00 Pass Pass -9.13

Selenastrum capricornutum Growth 96 hours 27537.853 64148.266 1127500.00 886500.00 Pass Fail 21.37

Selenastrum capricornutum Growth 96 hours 27537.853 35939.764 1127500.00 1117500.00 Pass Pass 0.89

Selenastrum capricornutum Growth 96 hours 27537.853 57373.048 1127500.00 1132500.00 Pass Pass -0.44

Selenastrum capricornutum Growth 96 hours 27537.853 19148.542 1127500.00 1065000.00 Pass Pass 5.54

Selenastrum capricornutum Growth 96 hours 27537.853 72284.161 1127500.00 1237500.00 Pass Pass -9.76

Selenastrum capricornutum Growth 96 hours 27537.853 147432.188 1127500.00 352750.00 Fail Pass 68.71

Selenastrum capricornutum Growth 96 hours 93229.108 58523.500 1127500.00 1357500.00 Pass Pass -20.40

Selenastrum capricornutum Growth 96 hours 93229.108 76757.193 1127500.00 1172500.00 Pass Pass -3.99

Selenastrum capricornutum Growth 96 hours 93229.108 49665.548 1127500.00 1300000.00 Pass Pass -15.30

Selenastrum capricornutum Growth 96 hours 93229.108 117473.401 1127500.00 1330000.00 Pass Pass -17.96

Selenastrum capricornutum Growth 96 hours 93229.108 71355.915 1127500.00 1182500.00 Pass Pass -4.88

Selenastrum capricornutum Growth 96 hours 93229.108 83016.063 1127500.00 1147500.00 Pass Pass -1.77

Selenastrum capricornutum Growth 96 hours 93229.108 193627.650 1127500.00 1337500.00 Pass Pass -18.63

Selenastrum capricornutum Growth 96 hours 93229.108 48562.674 1127500.00 1292500.00 Pass Pass -14.63

Selenastrum capricornutum Growth 96 hours 78475.049 53541.261 1297500.00 1380000.00 Pass Pass -6.36

Selenastrum capricornutum Growth 96 hours 78475.049 112101.145 1297500.00 1475000.00 Pass Pass -13.68

Selenastrum capricornutum Growth 96 hours 78475.049 88506.120 1297500.00 1395000.00 Pass Pass -7.51

Selenastrum capricornutum Growth 96 hours 78475.049 68007.353 1297500.00 1387500.00 Pass Pass -6.94

Selenastrum capricornutum Growth 96 hours 78475.049 59441.848 1297500.00 1380000.00 Pass Pass -6.36

Selenastrum capricornutum Growth 96 hours 78475.049 78740.079 1297500.00 1370000.00 Pass Pass -5.59
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Selenastrum capricornutum Growth 96 hours 78475.049 38622.101 1297500.00 1227500.00 Pass Pass 5.39

Selenastrum capricornutum Growth 96 hours 15000.000 17320.508 1242500.00 1415000.00 Pass Pass -13.88

Selenastrum capricornutum Growth 96 hours 15000.000 45460.606 1242500.00 1370000.00 Pass Pass -10.26

Selenastrum capricornutum Growth 96 hours 15000.000 17320.508 1242500.00 1485000.00 Pass Pass -19.52

Selenastrum capricornutum Growth 96 hours 15000.000 43493.295 1242500.00 1767500.00 Pass Pass -42.25

Selenastrum capricornutum Growth 96 hours 15000.000 42720.019 1242500.00 1392500.00 Pass Pass -12.07

Selenastrum capricornutum Growth 96 hours 15000.000 40414.519 1242500.00 1445000.00 Pass Pass -16.30

Selenastrum capricornutum Growth 96 hours 15000.000 29439.203 1242500.00 1370000.00 Pass Pass -10.26

Selenastrum capricornutum Growth 96 hours 15000.000 54160.256 1242500.00 1340000.00 Pass Pass -7.85

Selenastrum capricornutum Growth 96 hours 23804.761 38622.101 1195000.00 1057500.00 Pass Fail 11.51

Selenastrum capricornutum Growth 96 hours 23804.761 79983.332 1195000.00 1044000.00 Pass Fail 12.64

Selenastrum capricornutum Growth 96 hours 23804.761 50878.941 1195000.00 897000.00 Fail Fail 24.94

Selenastrum capricornutum Growth 96 hours 23804.761 30956.959 1195000.00 1277500.00 Pass Pass -6.90

Selenastrum capricornutum Growth 96 hours 23804.761 36828.431 1195000.00 1013500.00 Pass Fail 15.19

Selenastrum capricornutum Growth 96 hours 23804.761 26424.421 1195000.00 950250.00 Pass Fail 20.48

Selenastrum capricornutum Growth 96 hours 23804.761 53829.205 1195000.00 1015750.00 Pass Fail 15.00

Selenastrum capricornutum Growth 96 hours 33166.248 49328.829 1185000.00 1445000.00 Pass Pass -21.94

Selenastrum capricornutum Growth 96 hours 33166.248 106144.556 1185000.00 1480000.00 Pass Pass -24.89

Selenastrum capricornutum Growth 96 hours 33166.248 9574.271 1185000.00 1507500.00 Pass Pass -27.22

Selenastrum capricornutum Growth 96 hours 33166.248 62383.224 1185000.00 1437500.00 Pass Pass -21.31

Selenastrum capricornutum Growth 96 hours 33166.248 51234.754 1185000.00 1192500.00 Pass Pass -0.63

Selenastrum capricornutum Growth 96 hours 33166.248 40311.289 1185000.00 1242500.00 Pass Pass -4.85

Selenastrum capricornutum Growth 96 hours 33166.248 41129.876 1185000.00 1312500.00 Pass Pass -10.76

Selenastrum capricornutum Growth 96 hours 33166.248 61305.247 1185000.00 1212500.00 Pass Pass -2.32

Selenastrum capricornutum Growth 96 hours 22173.558 69522.179 1232500.00 1255000.00 Pass Pass -1.83

Selenastrum capricornutum Growth 96 hours 22173.558 60759.087 1232500.00 1682500.00 Pass Pass -36.51

Selenastrum capricornutum Growth 96 hours 22173.558 38622.101 1232500.00 1437500.00 Pass Pass -16.63

Selenastrum capricornutum Growth 96 hours 22173.558 88128.694 1232500.00 1515000.00 Pass Pass -22.92

Selenastrum capricornutum Growth 96 hours 22173.558 29439.203 1232500.00 1350000.00 Pass Pass -9.53

Selenastrum capricornutum Growth 96 hours 22173.558 35118.846 1232500.00 1295000.00 Pass Pass -5.07
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Selenastrum capricornutum Growth 96 hours 22173.558 41371.286 1232500.00 934250.00 Fail Fail 24.20

Selenastrum capricornutum Growth 96 hours 12583.057 42720.019 1222500.00 1197500.00 Pass Pass 2.04

Selenastrum capricornutum Growth 96 hours 12583.057 20615.528 1222500.00 1357500.00 Pass Pass -11.04

Selenastrum capricornutum Growth 96 hours 12583.057 42031.734 1222500.00 1375000.00 Pass Pass -12.47

Selenastrum capricornutum Growth 96 hours 12583.057 73936.910 1222500.00 1590000.00 Pass Pass -30.06

Selenastrum capricornutum Growth 96 hours 12583.057 28867.513 1222500.00 1175000.00 Pass Fail 3.89

Selenastrum capricornutum Growth 96 hours 12583.057 73654.599 1222500.00 1182500.00 Pass Pass 3.27

Selenastrum capricornutum Growth 96 hours 12583.057 43493.295 1222500.00 1282500.00 Pass Pass -4.91

Selenastrum capricornutum Growth 96 hours 21602.469 41231.056 1400000.00 1475000.00 Pass Pass -5.36

Selenastrum capricornutum Growth 96 hours 21602.469 12909.944 1400000.00 1385000.00 Pass Pass 1.07

Selenastrum capricornutum Growth 96 hours 21602.469 33040.379 1400000.00 1637500.00 Pass Pass -16.96

Selenastrum capricornutum Growth 96 hours 21602.469 34156.503 1400000.00 1605000.00 Pass Pass -14.64

Selenastrum capricornutum Growth 96 hours 21602.469 22173.558 1400000.00 1462500.00 Pass Pass -4.46

Selenastrum capricornutum Growth 96 hours 21602.469 22173.558 1400000.00 1197500.00 Pass Fail 14.46

Selenastrum capricornutum Growth 96 hours 21602.469 27537.853 1400000.00 1197500.00 Pass Fail 14.46

Selenastrum capricornutum Growth 96 hours 9574.271 12909.944 1412500.00 1415000.00 Pass Pass -0.18

Selenastrum capricornutum Growth 96 hours 9574.271 15000.000 1412500.00 1497500.00 Pass Pass -6.02

Selenastrum capricornutum Growth 96 hours 9574.271 25819.889 1412500.00 1460000.00 Pass Pass -3.36

Selenastrum capricornutum Growth 96 hours 9574.271 18929.694 1412500.00 1332500.00 Pass Fail 5.66

Selenastrum capricornutum Growth 96 hours 9574.271 12909.944 1412500.00 1205000.00 Pass Fail 14.69

Selenastrum capricornutum Growth 96 hours 198137.117 41121.142 1940337.25 451241.25 Fail Fail 76.74

Selenastrum capricornutum Growth 96 hours 198137.117 75761.670 1940337.25 2168612.00 Pass Pass -11.76

Selenastrum capricornutum Growth 96 hours 198137.117 165481.119 1940337.25 2449974.00 Pass Pass -26.27

Selenastrum capricornutum Growth 96 hours 198137.117 341082.904 1940337.25 1550146.25 Fail Fail 20.11

Selenastrum capricornutum Growth 96 hours 198137.117 256783.490 1940337.25 2004042.00 Pass Pass -3.28

Selenastrum capricornutum Growth 96 hours 198137.117 60915.841 1940337.25 2423430.75 Pass Pass -24.90

Selenastrum capricornutum Growth 96 hours 198137.117 378808.550 1940337.25 2253551.75 Pass Pass -16.14

Selenastrum capricornutum Growth 96 hours 198137.117 238518.588 1940337.25 1836817.25 Pass Pass 5.34

Selenastrum capricornutum Growth 96 hours 152727.861 65736.807 1828854.25 1693481.50 Pass Pass 7.40

Selenastrum capricornutum Growth 96 hours 152727.861 304962.584 1828854.25 1725335.00 Pass Pass 5.66
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Selenastrum capricornutum Growth 96 hours 152727.861 88408.675 1828854.25 2576498.67 Pass Pass -40.88

Selenastrum capricornutum Growth 96 hours 152727.861 300305.893 1828854.25 2548186.25 Pass Pass -39.33

Selenastrum capricornutum Growth 96 hours 152727.861 158907.477 1828854.25 1868669.00 Pass Pass -2.18

Selenastrum capricornutum Growth 96 hours 152727.861 164026.293 1828854.25 2070400.00 Pass Pass -13.21

Selenastrum capricornutum Growth 96 hours 152727.861 241493.119 1828854.25 1493520.00 Pass Fail 18.34

Selenastrum capricornutum Growth 96 hours 152727.861 64873.997 1828854.25 1840356.67 Pass Pass -0.63

Selenastrum capricornutum Growth 96 hours 214636.696 183491.372 1783730.00 1061744.00 Fail Fail 40.48

Ceriodaphnia dubia Reproduction 6-8 day 7.460 5.666 36.10 28.90 Fail Fail 19.94

Ceriodaphnia dubia Reproduction 6-8 day 1.947 4.497 38.30 35.00 Pass Fail 8.62

Selenastrum capricornutum Growth 96 hours 220011.021 271912.687 3833575.00 4200275.00 Pass Pass -9.57

Selenastrum capricornutum Growth 96 hours 220011.021 174286.782 3833575.00 3337225.00 Pass Fail 12.95

Selenastrum capricornutum Growth 96 hours 72344.085 33486.316 1027500.00 793000.00 Fail Fail 22.82

Selenastrum capricornutum Growth 96 hours 72344.085 86975.092 1027500.00 1286000.00 Pass Pass -25.16

Selenastrum capricornutum Growth 96 hours 72344.085 89606.547 1027500.00 1240000.00 Pass Pass -20.68

Selenastrum capricornutum Growth 96 hours 72344.085 52855.148 1027500.00 1283500.00 Pass Pass -24.91

Selenastrum capricornutum Growth 96 hours 92280.370 81369.015 1158500.00 1072750.00 Pass Pass 7.40

Selenastrum capricornutum Growth 96 hours 92280.370 18803.812 1158500.00 55250.00 Fail Fail 95.23

Selenastrum capricornutum Growth 96 hours 92280.370 62611.900 1158500.00 352750.00 Fail Fail 69.55

Selenastrum capricornutum Growth 96 hours 34621.766 296829.918 1299000.00 1658000.00 Pass Pass -27.64

Selenastrum capricornutum Growth 96 hours 34621.766 243770.897 1299000.00 1721250.00 Pass Pass -32.51

Selenastrum capricornutum Growth 96 hours 34621.766 177400.676 1299000.00 1772500.00 Pass Pass -36.45

Selenastrum capricornutum Growth 96 hours 34621.766 107469.375 1299000.00 1562500.00 Pass Pass -20.28

Selenastrum capricornutum Growth 96 hours 20792.627 51215.232 881500.00 1330000.00 Pass Pass -50.88

Selenastrum capricornutum Growth 96 hours 20792.627 13275.918 881500.00 503750.00 Fail Fail 42.85

Selenastrum capricornutum Growth 96 hours 20792.627 36322.628 881500.00 862000.00 Pass Pass 2.21

Selenastrum capricornutum Growth 96 hours 295071.037 427570.657 1447250.00 2417000.00 Pass Pass -67.01

Selenastrum capricornutum Growth 96 hours 295071.037 261817.207 1447250.00 2485250.00 Pass Pass -71.72

Selenastrum capricornutum Growth 96 hours 295071.037 58083.274 1447250.00 2906500.00 Pass Pass -100.83

Selenastrum capricornutum Growth 96 hours 295071.037 157843.805 1447250.00 2571000.00 Pass Pass -77.65

Selenastrum capricornutum Growth 96 hours 295071.037 213025.038 1447250.00 1688500.00 Pass Pass -16.67
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Selenastrum capricornutum Growth 96 hours 108696.443 51136.256 1803250.00 1197250.00 Fail Fail 33.61

Selenastrum capricornutum Growth 96 hours 108696.443 285979.603 1803250.00 3049500.00 Pass Pass -69.11

Selenastrum capricornutum Growth 96 hours 96355.245 223315.173 542500.00 1895500.00 Pass Pass -249.40

Selenastrum capricornutum Growth 96 hours 96355.245 8180.261 542500.00 12750.00 Fail Fail 97.65

Selenastrum capricornutum Growth 96 hours 96355.245 185489.218 542500.00 2348250.00 Pass Pass -332.86

Selenastrum capricornutum Growth 96 hours 96355.245 206233.484 542500.00 1430750.00 Pass Pass -163.73

Selenastrum capricornutum Growth 96 hours 129296.494 147881.428 1214250.00 2479250.00 Pass Pass -104.18

Selenastrum capricornutum Growth 96 hours 98158.036 145123.798 1338500.00 2154250.00 Pass Pass -60.95

Selenastrum capricornutum Growth 96 hours 98158.036 351495.258 1338500.00 2602250.00 Pass Pass -94.42

Selenastrum capricornutum Growth 96 hours 98158.036 334024.450 1338500.00 2384500.00 Pass Pass -78.15

Selenastrum capricornutum Growth 96 hours 98158.036 452646.293 1338500.00 1683000.00 Pass Pass -25.74

Selenastrum capricornutum Growth 96 hours 195839.007 190515.747 1443750.00 2466750.00 Pass Pass -70.86

Selenastrum capricornutum Growth 96 hours 195839.007 67225.987 1443750.00 434000.00 Fail Fail 69.94

Selenastrum capricornutum Growth 96 hours 195839.007 163705.783 1443750.00 2172250.00 Pass Pass -50.46

Selenastrum capricornutum Growth 96 hours 195839.007 421054.529 1443750.00 3045250.00 Pass Pass -110.93

Selenastrum capricornutum Growth 96 hours 195839.007 82479.796 1443750.00 2032750.00 Pass Pass -40.80

Selenastrum capricornutum Growth 96 hours 195839.007 335915.044 1443750.00 2585750.00 Pass Pass -79.10

Selenastrum capricornutum Growth 96 hours 194275.363 196804.471 1441250.00 1623000.00 Pass Pass -12.61

Selenastrum capricornutum Growth 96 hours 206806.472 646611.875 1487250.00 2189750.00 Pass Pass -47.23

Selenastrum capricornutum Growth 96 hours 35957.150 125599.894 236750.00 2067000.00 Pass Pass -773.07

Selenastrum capricornutum Growth 96 hours 35957.150 165135.298 236750.00 1545500.00 Pass Pass -552.80

Selenastrum capricornutum Growth 96 hours 56251.667 301749.758 323750.00 2703750.00 Pass Pass -735.14

Selenastrum capricornutum Growth 96 hours 56251.667 137075.101 323750.00 1994750.00 Pass Pass -516.14

Selenastrum capricornutum Growth 96 hours 56251.667 69586.277 323750.00 3097750.00 Pass Pass -856.83

Selenastrum capricornutum Growth 96 hours 56251.667 181850.442 323750.00 2586250.00 Pass Pass -698.84

Selenastrum capricornutum Growth 96 hours 48801.469 215342.170 265750.00 2158750.00 Pass Pass -712.32

Selenastrum capricornutum Growth 96 hours 48801.469 277307.741 265750.00 1777250.00 Pass Pass -568.77

Selenastrum capricornutum Growth 96 hours 48801.469 329380.606 265750.00 1772750.00 Pass Pass -567.07

Selenastrum capricornutum Growth 96 hours 48801.469 114666.182 265750.00 2404500.00 Pass Pass -804.80

Selenastrum capricornutum Growth 96 hours 29200.457 285896.689 241000.00 2135750.00 Pass Pass -786.20
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Selenastrum capricornutum Growth 96 hours 29200.457 249210.754 241000.00 3026000.00 Pass Pass -1155.60

Selenastrum capricornutum Growth 96 hours 29200.457 221200.324 241000.00 2102250.00 Pass Pass -772.30

Selenastrum capricornutum Growth 96 hours 38055.880 196727.180 264750.00 2225750.00 Pass Pass -740.70

Selenastrum capricornutum Growth 96 hours 38055.880 115105.748 264750.00 2441000.00 Pass Pass -822.00

Selenastrum capricornutum Growth 96 hours 74908.833 162492.051 1003000.00 1704500.00 Pass Pass -69.94

Selenastrum capricornutum Growth 96 hours 74908.833 268734.534 1003000.00 1811250.00 Pass Pass -80.58

Selenastrum capricornutum Growth 96 hours 74908.833 263178.488 1003000.00 1485750.00 Pass Pass -48.13

Selenastrum capricornutum Growth 96 hours 66765.136 84496.548 977750.00 507500.00 Fail Fail 48.10

Selenastrum capricornutum Growth 96 hours 66765.136 124692.956 977750.00 1560500.00 Pass Pass -59.60

Selenastrum capricornutum Growth 96 hours 66765.136 70376.961 977750.00 1061250.00 Pass Pass -8.54

Selenastrum capricornutum Growth 96 hours 66765.136 200849.031 977750.00 2458500.00 Pass Pass -151.44

Selenastrum capricornutum Growth 96 hours 75790.831 139176.147 908250.00 2491000.00 Pass Pass -174.26

Selenastrum capricornutum Growth 96 hours 75790.831 157057.049 908250.00 2742750.00 Pass Pass -201.98

Selenastrum capricornutum Growth 96 hours 75790.831 66583.281 908250.00 1670000.00 Pass Pass -83.87

Selenastrum capricornutum Growth 96 hours 98841.624 193644.003 780500.00 1688000.00 Pass Pass -116.27

Selenastrum capricornutum Growth 96 hours 98841.624 65434.446 780500.00 2052500.00 Pass Pass -162.97

Selenastrum capricornutum Growth 96 hours 98841.624 227321.358 780500.00 1877500.00 Pass Pass -140.55

Selenastrum capricornutum Growth 96 hours 42492.156 206859.655 846250.00 1278250.00 Pass Pass -51.05

Selenastrum capricornutum Growth 96 hours 42492.156 131449.610 846250.00 1945500.00 Pass Pass -129.90

Selenastrum capricornutum Growth 96 hours 42492.156 122682.177 846250.00 1694750.00 Pass Pass -100.27

Selenastrum capricornutum Growth 96 hours 42492.156 90209.017 846250.00 1367500.00 Pass Pass -61.60

Selenastrum capricornutum Growth 96 hours 42492.156 69842.680 846250.00 1576000.00 Pass Pass -86.23

Selenastrum capricornutum Growth 96 hours 79910.366 12658.989 1396500.00 219750.00 Fail Fail 84.26

Selenastrum capricornutum Growth 96 hours 39183.330 136497.558 918000.00 1045750.00 Pass Pass -13.92

Selenastrum capricornutum Growth 96 hours 39183.330 182729.992 918000.00 986750.00 Pass Pass -7.49

Selenastrum capricornutum Growth 96 hours 39183.330 105738.672 918000.00 643000.00 Fail Fail 29.96

Selenastrum capricornutum Growth 96 hours 39183.330 71232.015 918000.00 1005000.00 Pass Pass -9.48

Selenastrum capricornutum Growth 96 hours 39183.330 56576.644 918000.00 1131250.00 Pass Pass -23.23

Selenastrum capricornutum Growth 96 hours 37188.708 185500.000 925500.00 1118750.00 Pass Pass -20.88

Selenastrum capricornutum Growth 96 hours 37188.708 232174.324 925500.00 1200250.00 Pass Pass -29.69
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Selenastrum capricornutum Growth 96 hours 37188.708 40252.329 925500.00 298750.00 Fail Fail 67.72

Selenastrum capricornutum Growth 96 hours 37188.708 110332.830 925500.00 1240000.00 Pass Pass -33.98

Selenastrum capricornutum Growth 96 hours 13466.007 32170.121 1007000.00 1099750.00 Pass Pass -9.21

Selenastrum capricornutum Growth 96 hours 13466.007 45937.457 1007000.00 1299750.00 Pass Pass -29.07

Selenastrum capricornutum Growth 96 hours 13466.007 38179.401 1007000.00 1532500.00 Pass Pass -52.18

Selenastrum capricornutum Growth 96 hours 13466.007 72178.021 1007000.00 1305500.00 Pass Pass -29.64

Selenastrum capricornutum Growth 96 hours 20792.627 7455.423 881500.00 826250.00 Pass Fail 6.27

Selenastrum capricornutum Growth 96 hours 20792.627 44799.554 881500.00 1012500.00 Pass Pass -14.86

Selenastrum capricornutum Growth 96 hours 3589.220 193707.090 706525.00 1692650.00 Pass Pass -139.57

Selenastrum capricornutum Growth 96 hours 3589.220 207777.814 706525.00 1740300.00 Pass Pass -146.32

Selenastrum capricornutum Growth 96 hours 3589.220 154836.946 706525.00 2032200.00 Pass Pass -187.63

Selenastrum capricornutum Growth 96 hours 3589.220 170175.958 706525.00 1272550.00 Pass Pass -80.11

Selenastrum capricornutum Growth 96 hours 15831.693 79698.113 708575.00 2128075.00 Pass Pass -200.33

Selenastrum capricornutum Growth 96 hours 15831.693 434493.877 708575.00 2725625.00 Pass Pass -284.66

Selenastrum capricornutum Growth 96 hours 15831.693 370655.783 708575.00 1533125.00 Pass Pass -116.37

Selenastrum capricornutum Growth 96 hours 10950.000 195315.768 461725.00 2066175.00 Pass Pass -347.49

Selenastrum capricornutum Growth 96 hours 10950.000 120980.284 461725.00 1787875.00 Pass Pass -287.22

Selenastrum capricornutum Growth 96 hours 10950.000 252009.701 461725.00 2846425.00 Pass Pass -516.48

Selenastrum capricornutum Growth 96 hours 10950.000 295454.366 461725.00 1614475.00 Pass Pass -249.66

Selenastrum capricornutum Growth 96 hours 10950.000 118440.347 461725.00 1321325.00 Pass Pass -186.17

Selenastrum capricornutum Growth 96 hours 6390.292 153689.134 463775.00 1600450.00 Pass Pass -245.09

Selenastrum capricornutum Growth 96 hours 6390.292 376338.279 463775.00 1811200.00 Pass Pass -290.53

Selenastrum capricornutum Growth 96 hours 13225.606 242909.277 677250.00 2018250.00 Pass Pass -198.01

Selenastrum capricornutum Growth 96 hours 13225.606 88690.473 677250.00 242000.00 Fail Fail 64.27

Selenastrum capricornutum Growth 96 hours 13225.606 195131.580 677250.00 1978500.00 Pass Pass -192.14

Selenastrum capricornutum Growth 96 hours 13225.606 139531.060 677250.00 1361250.00 Pass Pass -101.00

Selenastrum capricornutum Growth 96 hours 13225.606 428968.142 677250.00 2083500.00 Pass Pass -207.64

Selenastrum capricornutum Growth 96 hours 103313.439 68504.866 323500.00 1845750.00 Pass Pass -470.56

Selenastrum capricornutum Growth 96 hours 40136.226 219985.606 331750.00 1649500.00 Pass Pass -397.21

Selenastrum capricornutum Growth 96 hours 40136.226 174967.616 331750.00 1511500.00 Pass Pass -355.61
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Selenastrum capricornutum Growth 96 hours 40136.226 180158.032 331750.00 1426250.00 Pass Pass -329.92

Selenastrum capricornutum Growth 96 hours 40136.226 133888.947 331750.00 1698750.00 Pass Pass -412.06

Selenastrum capricornutum Growth 96 hours 40136.226 164339.841 331750.00 1248750.00 Pass Pass -276.41

Selenastrum capricornutum Growth 96 hours 58166.428 112487.036 333000.00 1520000.00 Pass Pass -356.46

Selenastrum capricornutum Growth 96 hours 58166.428 117537.228 333000.00 1682500.00 Pass Pass -405.26

Selenastrum capricornutum Growth 96 hours 58166.428 108778.062 333000.00 1362000.00 Pass Pass -309.01

Selenastrum capricornutum Growth 96 hours 46971.623 50592.325 336500.00 1417250.00 Pass Pass -321.17

Selenastrum capricornutum Growth 96 hours 46971.623 203065.466 336500.00 1175250.00 Pass Pass -249.26

Selenastrum capricornutum Growth 96 hours 46971.623 59503.501 336500.00 1379000.00 Pass Pass -309.81

Selenastrum capricornutum Growth 96 hours 46971.623 28464.891 336500.00 1149750.00 Pass Pass -241.68

Selenastrum capricornutum Growth 96 hours 46971.623 128527.559 336500.00 1476000.00 Pass Pass -338.63

Selenastrum capricornutum Growth 96 hours 151847.237 286429.165 369750.00 1092500.00 Pass Pass -195.47

Selenastrum capricornutum Growth 96 hours 151847.237 142291.661 369750.00 1868250.00 Pass Pass -405.27

Selenastrum capricornutum Growth 96 hours 69308.489 268883.190 426500.00 1963350.00 Pass Pass -360.34

Selenastrum capricornutum Growth 96 hours 69308.489 52898.488 426500.00 2105750.00 Pass Pass -393.73

Selenastrum capricornutum Growth 96 hours 69308.489 170085.028 426500.00 2692750.00 Pass Pass -531.36

Selenastrum capricornutum Growth 96 hours 22984.397 41748.253 211125.00 2349250.00 Pass Pass -1012.73

Selenastrum capricornutum Growth 96 hours 66937.907 107274.073 473050.00 2298900.00 Pass Pass -385.97

Selenastrum capricornutum Growth 96 hours 66937.907 73473.822 473050.00 1726425.00 Pass Pass -264.96

Selenastrum capricornutum Growth 96 hours 66937.907 55914.660 473050.00 1675075.00 Pass Pass -254.10

Selenastrum capricornutum Growth 96 hours 66937.907 207628.274 473050.00 1736800.00 Pass Pass -267.15

Selenastrum capricornutum Growth 96 hours 66937.907 28250.664 473050.00 1422400.00 Pass Pass -200.69

Selenastrum capricornutum Growth 96 hours 37830.973 104319.361 427925.00 1651625.00 Pass Pass -285.96

Selenastrum capricornutum Growth 96 hours 37830.973 164351.047 427925.00 2144200.00 Pass Pass -401.07

Selenastrum capricornutum Growth 96 hours 37830.973 23921.051 427925.00 1827750.00 Pass Pass -327.12

Selenastrum capricornutum Growth 96 hours 80291.137 69495.803 546000.00 2542500.00 Pass Pass -365.66

Selenastrum capricornutum Growth 96 hours 80291.137 76934.496 546000.00 2582250.00 Pass Pass -372.94

Selenastrum capricornutum Growth 96 hours 80291.137 202403.887 546000.00 1856000.00 Pass Pass -239.93

Selenastrum capricornutum Growth 96 hours 80291.137 128393.601 546000.00 1795250.00 Pass Pass -228.80

Selenastrum capricornutum Growth 96 hours 80291.137 58522.788 546000.00 2312750.00 Pass Pass -323.58
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Selenastrum capricornutum Growth 96 hours 80291.137 58088.295 546000.00 2063250.00 Pass Pass -277.88

Selenastrum capricornutum Growth 96 hours 80291.137 221252.495 546000.00 2113000.00 Pass Pass -287.00

Selenastrum capricornutum Growth 96 hours 93177.250 126862.455 502000.00 3151075.00 Pass Pass -527.70

Selenastrum capricornutum Growth 96 hours 93177.250 100546.838 502000.00 2646500.00 Pass Pass -427.19

Selenastrum capricornutum Growth 96 hours 93177.250 119181.584 502000.00 4065750.00 Pass Pass -709.91

Selenastrum capricornutum Growth 96 hours 80829.038 90184.995 826000.00 1230000.00 Pass Pass -48.91

Selenastrum capricornutum Growth 96 hours 80829.038 509476.856 826000.00 1155000.00 Pass Pass -39.83

Selenastrum capricornutum Growth 96 hours 80829.038 117331.439 826000.00 1565000.00 Pass Pass -89.47

Selenastrum capricornutum Growth 96 hours 80829.038 301605.012 826000.00 1175750.00 Pass Pass -42.34

Selenastrum capricornutum Growth 96 hours 132931.060 309986.559 1061000.00 1757500.00 Pass Pass -65.65

Selenastrum capricornutum Growth 96 hours 132931.060 134907.376 1061000.00 1220000.00 Pass Pass -14.99

Selenastrum capricornutum Growth 96 hours 132931.060 262472.221 1061000.00 1847500.00 Pass Pass -74.13

Selenastrum capricornutum Growth 96 hours 66186.605 197146.308 760000.00 1650000.00 Pass Pass -117.11

Selenastrum capricornutum Growth 96 hours 66186.605 42034.708 760000.00 1030250.00 Pass Pass -35.56

Selenastrum capricornutum Growth 96 hours 66186.605 243173.463 760000.00 1370000.00 Pass Pass -80.26

Selenastrum capricornutum Growth 96 hours 66186.605 81853.528 760000.00 1235000.00 Pass Pass -62.50

Selenastrum capricornutum Growth 96 hours 66186.605 88317.609 760000.00 1360000.00 Pass Pass -78.95

Selenastrum capricornutum Growth 96 hours 110863.279 175190.373 662000.00 1507500.00 Pass Pass -127.72

Selenastrum capricornutum Growth 96 hours 110863.279 65574.385 662000.00 1375000.00 Pass Pass -107.70

Selenastrum capricornutum Growth 96 hours 110863.279 183393.929 662000.00 1345000.00 Pass Pass -103.17

Selenastrum capricornutum Growth 96 hours 45628.938 317804.972 308000.00 2050000.00 Pass Pass -565.58

Selenastrum capricornutum Growth 96 hours 45628.938 60277.138 308000.00 2305000.00 Pass Pass -648.38

Selenastrum capricornutum Growth 96 hours 45628.938 83416.625 308000.00 3122500.00 Pass Pass -913.80

Selenastrum capricornutum Growth 96 hours 39543.225 66284.111 895500.00 1717750.00 Pass Pass -91.82

Selenastrum capricornutum Growth 96 hours 39543.225 40800.327 895500.00 1343000.00 Pass Pass -49.97

Selenastrum capricornutum Growth 96 hours 39543.225 108788.403 895500.00 1595250.00 Pass Pass -78.14

Selenastrum capricornutum Growth 96 hours 39543.225 161669.416 895500.00 2512500.00 Pass Pass -180.57

Selenastrum capricornutum Growth 96 hours 84389.968 9146.948 892500.00 1963500.00 Pass Pass -120.00

Selenastrum capricornutum Growth 96 hours 84389.968 68830.710 892500.00 474500.00 Fail Fail 46.83

Selenastrum capricornutum Growth 96 hours 84389.968 77439.762 892500.00 2052750.00 Pass Pass -130.00
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Selenastrum capricornutum Growth 96 hours 84389.968 52531.736 892500.00 1114250.00 Pass Pass -24.85

Selenastrum capricornutum Growth 96 hours 84389.968 141765.946 892500.00 2176250.00 Pass Pass -143.84

Selenastrum capricornutum Growth 96 hours 41804.107 101526.269 834750.00 1901250.00 Pass Pass -127.76

Selenastrum capricornutum Growth 96 hours 41804.107 95796.660 834750.00 1563500.00 Pass Pass -87.30

Selenastrum capricornutum Growth 96 hours 41804.107 81956.798 834750.00 1670250.00 Pass Pass -100.09

Selenastrum capricornutum Growth 96 hours 41804.107 40451.617 834750.00 1884500.00 Pass Pass -125.76

Selenastrum capricornutum Growth 96 hours 46269.104 33357.196 1113050.00 925975.00 Pass Fail 16.81

Selenastrum capricornutum Growth 96 hours 122836.952 373178.242 1283750.00 1704000.00 Pass Pass -32.74

Selenastrum capricornutum Growth 96 hours 122836.952 145769.224 1283750.00 1689000.00 Pass Pass -31.57

Selenastrum capricornutum Growth 96 hours 122836.952 235522.646 1283750.00 1979250.00 Pass Pass -54.18

Selenastrum capricornutum Growth 96 hours 86121.523 123045.723 1243750.00 1763250.00 Pass Pass -41.77

Selenastrum capricornutum Growth 96 hours 86121.523 93096.276 1243750.00 1337750.00 Pass Pass -7.56

Selenastrum capricornutum Growth 96 hours 86121.523 280322.879 1243750.00 1564750.00 Pass Pass -25.81

Selenastrum capricornutum Growth 96 hours 86121.523 220070.254 1243750.00 2254750.00 Pass Pass -81.29

Selenastrum capricornutum Growth 96 hours 66322.313 96428.190 859975.00 2224775.00 Pass Pass -158.70

Selenastrum capricornutum Growth 96 hours 66322.313 56505.722 859975.00 1947450.00 Pass Pass -126.45

Selenastrum capricornutum Growth 96 hours 33119.732 36252.586 772750.00 684750.00 Pass Fail 11.39

Selenastrum capricornutum Growth 96 hours 20297.783 80047.382 984000.00 1638750.00 Pass Pass -66.54

Selenastrum capricornutum Growth 96 hours 20297.783 29586.033 984000.00 969000.00 Pass Pass 1.52

Selenastrum capricornutum Growth 96 hours 20297.783 45887.544 984000.00 1612500.00 Pass Pass -63.87

Selenastrum capricornutum Growth 96 hours 20297.783 97478.203 984000.00 1392000.00 Pass Pass -41.46

Selenastrum capricornutum Growth 96 hours 20297.783 75424.907 984000.00 1747250.00 Pass Pass -77.57

Selenastrum capricornutum Growth 96 hours 98513.535 54359.912 1028750.00 1741500.00 Pass Pass -69.28

Selenastrum capricornutum Growth 96 hours 98513.535 69977.973 1028750.00 1714250.00 Pass Pass -66.63

Selenastrum capricornutum Growth 96 hours 98513.535 90448.420 1028750.00 1816750.00 Pass Pass -76.60

Selenastrum capricornutum Growth 96 hours 98513.535 155126.561 1028750.00 1957750.00 Pass Pass -90.30

Selenastrum capricornutum Growth 96 hours 79675.906 94295.634 1046750.00 1642500.00 Pass Pass -56.91

Selenastrum capricornutum Growth 96 hours 79675.906 187173.716 1046750.00 2170000.00 Pass Pass -107.31

Selenastrum capricornutum Growth 96 hours 79675.906 49073.924 1046750.00 1436250.00 Pass Pass -37.21

Selenastrum capricornutum Growth 96 hours 229714.562 384903.317 772200.00 2143550.00 Pass Pass -177.59
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Selenastrum capricornutum Growth 96 hours 229714.562 258378.237 772200.00 2098200.00 Pass Pass -171.72

Selenastrum capricornutum Growth 96 hours 229714.562 226701.145 772200.00 1744425.00 Pass Pass -125.90

Selenastrum capricornutum Growth 96 hours 229714.562 75367.826 772200.00 2184675.00 Pass Pass -182.92

Selenastrum capricornutum Growth 96 hours 229714.562 181341.839 772200.00 2669775.00 Pass Pass -245.74

Selenastrum capricornutum Growth 96 hours 127422.457 212408.694 643475.00 2528900.00 Pass Pass -293.01

Selenastrum capricornutum Growth 96 hours 127422.457 288599.076 643475.00 2297500.00 Pass Pass -257.05

Selenastrum capricornutum Growth 96 hours 127422.457 295228.492 643475.00 2280075.00 Pass Pass -254.34

Selenastrum capricornutum Growth 96 hours 127422.457 115096.260 643475.00 2762375.00 Pass Pass -329.29

Selenastrum capricornutum Growth 96 hours 127422.457 87471.038 643475.00 2912475.00 Pass Pass -352.62

Selenastrum capricornutum Growth 96 hours 5613.896 101660.792 852775.00 2723450.00 Pass Pass -219.36

Selenastrum capricornutum Growth 96 hours 5613.896 117397.143 852775.00 2240225.00 Pass Pass -162.70

Selenastrum capricornutum Growth 96 hours 47835.656 156148.167 243750.00 2508750.00 Pass Pass -929.23

Selenastrum capricornutum Growth 96 hours 13384.693 100867.880 214050.00 1786375.00 Pass Pass -734.56

Selenastrum capricornutum Growth 96 hours 13384.693 107065.665 214050.00 1585150.00 Pass Pass -640.55

Selenastrum capricornutum Growth 96 hours 13384.693 106903.239 214050.00 1154425.00 Pass Pass -439.32

Selenastrum capricornutum Growth 96 hours 13384.693 126131.317 214050.00 1089775.00 Pass Pass -409.12

Selenastrum capricornutum Growth 96 hours 13865.304 342696.546 217800.00 1986675.00 Pass Pass -812.16

Selenastrum capricornutum Growth 96 hours 13865.304 235745.300 217800.00 1595800.00 Pass Pass -632.69

Selenastrum capricornutum Growth 96 hours 13865.304 165809.459 217800.00 1957450.00 Pass Pass -798.74

Selenastrum capricornutum Growth 96 hours 13865.304 44115.332 217800.00 2111275.00 Pass Pass -869.36

Selenastrum capricornutum Growth 96 hours 13865.304 137442.376 217800.00 1755100.00 Pass Pass -705.83

Selenastrum capricornutum Growth 96 hours 15694.373 108900.639 233100.00 929725.00 Pass Pass -298.85

Selenastrum capricornutum Growth 96 hours 15694.373 149023.242 233100.00 1450100.00 Pass Pass -522.09

Selenastrum capricornutum Growth 96 hours 15694.373 43209.567 233100.00 1201600.00 Pass Pass -415.49

Selenastrum capricornutum Growth 96 hours 15694.373 209915.449 233100.00 2035125.00 Pass Pass -773.07

Selenastrum capricornutum Growth 96 hours 77504.301 130216.166 418250.00 2370250.00 Pass Pass -466.71

Selenastrum capricornutum Growth 96 hours 77504.301 37682.887 418250.00 2429000.00 Pass Pass -480.75

Selenastrum capricornutum Growth 96 hours 77504.301 36105.170 418250.00 1407250.00 Pass Pass -236.46

Selenastrum capricornutum Growth 96 hours 77504.301 108308.202 418250.00 2136000.00 Pass Pass -410.70

Selenastrum capricornutum Growth 96 hours 107856.000 58588.964 572250.00 1791000.00 Pass Pass -212.98
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Selenastrum capricornutum Growth 96 hours 107856.000 60135.264 572250.00 1315250.00 Pass Pass -129.84

Selenastrum capricornutum Growth 96 hours 107856.000 315985.232 572250.00 1295000.00 Pass Pass -126.30

Selenastrum capricornutum Growth 96 hours 107856.000 72898.903 572250.00 1724750.00 Pass Pass -201.40

Selenastrum capricornutum Growth 96 hours 107856.000 70077.933 572250.00 2539750.00 Pass Pass -343.82

Selenastrum capricornutum Growth 96 hours 82309.882 132364.396 488750.00 1759333.33 Pass Pass -259.97

Selenastrum capricornutum Growth 96 hours 82309.882 132972.115 488750.00 1650250.00 Pass Pass -237.65

Selenastrum capricornutum Growth 96 hours 82309.882 72537.347 488750.00 1643500.00 Pass Pass -236.27

Selenastrum capricornutum Growth 96 hours 82309.882 58903.876 488750.00 1758500.00 Pass Pass -259.80

Selenastrum capricornutum Growth 96 hours 63786.101 506778.962 1379000.00 1662750.00 Pass Pass -20.58

Selenastrum capricornutum Growth 96 hours 63786.101 231451.939 1379000.00 2280000.00 Pass Pass -65.34

Selenastrum capricornutum Growth 96 hours 63786.101 189758.399 1379000.00 2961250.00 Pass Pass -114.74

Selenastrum capricornutum Growth 96 hours 73551.343 109142.109 380400.00 1883000.00 Pass Pass -395.01

Selenastrum capricornutum Growth 96 hours 73551.343 124608.721 380400.00 1935000.00 Pass Pass -408.68

Selenastrum capricornutum Growth 96 hours 152871.406 137674.435 1653500.00 2104250.00 Pass Pass -27.26

Selenastrum capricornutum Growth 96 hours 77448.370 137674.435 1504750.00 2104250.00 Pass Pass -39.84

Selenastrum capricornutum Growth 96 hours 152871.406 109675.278 1653500.00 1277000.00 Fail Fail 22.77

Selenastrum capricornutum Growth 96 hours 77448.370 109675.278 1504750.00 1277000.00 Pass Fail 15.14

Selenastrum capricornutum Growth 96 hours 152871.406 96931.247 1653500.00 1439500.00 Pass Pass 12.94

Selenastrum capricornutum Growth 96 hours 152871.406 144204.427 1653500.00 1262750.00 Fail Fail 23.63

Selenastrum capricornutum Growth 96 hours 152871.406 202912.953 1653500.00 1691500.00 Pass Pass -2.30

Selenastrum capricornutum Growth 96 hours 77448.370 202912.953 1504750.00 1691500.00 Pass Pass -12.41

Selenastrum capricornutum Growth 96 hours 152871.406 147129.195 1653500.00 2412500.00 Pass Pass -45.90

Selenastrum capricornutum Growth 96 hours 77448.370 147129.195 1504750.00 2412500.00 Pass Pass -60.33

Selenastrum capricornutum Growth 96 hours 152871.406 269736.909 1653500.00 2196000.00 Pass Pass -32.81

Selenastrum capricornutum Growth 96 hours 77448.370 269736.909 1504750.00 2196000.00 Pass Pass -45.94

Selenastrum capricornutum Growth 96 hours 152871.406 86691.022 1653500.00 1679000.00 Pass Pass -1.54

Selenastrum capricornutum Growth 96 hours 77448.370 86691.022 1504750.00 1679000.00 Pass Pass -11.58

Selenastrum capricornutum Growth 96 hours 140381.326 545488.390 1688250.00 1662750.00 Pass Pass 1.51

Selenastrum capricornutum Growth 96 hours 152871.406 56993.421 1653500.00 2175750.00 Pass Pass -31.58

Selenastrum capricornutum Growth 96 hours 77448.370 56993.421 1504750.00 2175750.00 Pass Pass -44.59
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Selenastrum capricornutum Growth 96 hours 152871.406 338672.285 1653500.00 2072750.00 Pass Pass -25.36

Selenastrum capricornutum Growth 96 hours 77448.370 338672.285 1504750.00 2072750.00 Pass Pass -37.75

Selenastrum capricornutum Growth 96 hours 152871.406 331743.375 1653500.00 1919500.00 Pass Pass -16.09

Selenastrum capricornutum Growth 96 hours 77448.370 331743.375 1504750.00 1919500.00 Pass Pass -27.56

Selenastrum capricornutum Growth 96 hours 152871.406 46028.976 1653500.00 3234000.00 Pass Pass -95.59

Selenastrum capricornutum Growth 96 hours 77448.370 46028.976 1504750.00 3234000.00 Pass Pass -114.92

Selenastrum capricornutum Growth 96 hours 152871.406 302028.006 1653500.00 1964750.00 Pass Pass -18.82

Selenastrum capricornutum Growth 96 hours 77448.370 302028.006 1504750.00 1964750.00 Pass Pass -30.57

Selenastrum capricornutum Growth 96 hours 152871.406 77916.622 1653500.00 491500.00 Fail Fail 70.28

Selenastrum capricornutum Growth 96 hours 178113.026 196961.079 1586750.00 2581500.00 Pass Pass -62.69

Selenastrum capricornutum Growth 96 hours 178113.026 325798.890 1586750.00 2287250.00 Pass Pass -44.15

Selenastrum capricornutum Growth 96 hours 178113.026 516498.790 1586750.00 1306500.00 Fail Pass 17.66

Selenastrum capricornutum Growth 96 hours 140381.326 228054.087 1688250.00 1958000.00 Pass Pass -15.98

Selenastrum capricornutum Growth 96 hours 140381.326 228054.087 1688250.00 1958000.00 Pass Pass -15.98

Selenastrum capricornutum Growth 96 hours 140381.326 134216.243 1688250.00 2397000.00 Pass Pass -41.98

Selenastrum capricornutum Growth 96 hours 140381.326 134216.243 1688250.00 2397000.00 Pass Pass -41.98

Selenastrum capricornutum Growth 96 hours 140381.326 241103.539 1688250.00 1745250.00 Pass Pass -3.38

Selenastrum capricornutum Growth 96 hours 140381.326 241103.539 1688250.00 1745250.00 Pass Pass -3.38

Selenastrum capricornutum Growth 96 hours 71345.988 296293.211 1132250.00 2161500.00 Pass Pass -90.90

Selenastrum capricornutum Growth 96 hours 71345.988 422363.587 1132250.00 2074500.00 Pass Pass -83.22

Selenastrum capricornutum Growth 96 hours 71345.988 168723.640 1132250.00 2392500.00 Pass Pass -111.30

Selenastrum capricornutum Growth 96 hours 71345.988 316430.482 1132250.00 1561750.00 Pass Pass -37.93

Selenastrum capricornutum Growth 96 hours 71345.988 138281.115 1132250.00 1219500.00 Pass Pass -7.71

Selenastrum capricornutum Growth 96 hours 71345.988 263918.390 1132250.00 1926750.00 Pass Pass -70.17

Selenastrum capricornutum Growth 96 hours 71345.988 128144.125 1132250.00 1488250.00 Pass Pass -31.44

Selenastrum capricornutum Growth 96 hours 74227.129 168157.416 562500.00 2049750.00 Pass Pass -264.40

Selenastrum capricornutum Growth 96 hours 74227.129 116694.759 562500.00 1818500.00 Pass Pass -223.29

Selenastrum capricornutum Growth 96 hours 74227.129 165425.462 562500.00 2401750.00 Pass Pass -326.98

Selenastrum capricornutum Growth 96 hours 74227.129 187512.666 562500.00 2099500.00 Pass Pass -273.24

Selenastrum capricornutum Growth 96 hours 20008.332 139721.151 214500.00 2013000.00 Pass Pass -838.46
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Selenastrum capricornutum Growth 96 hours 20008.332 163858.425 214500.00 1441250.00 Pass Pass -571.91

Selenastrum capricornutum Growth 96 hours 20008.332 123130.013 214500.00 1593500.00 Pass Pass -642.89

Selenastrum capricornutum Growth 96 hours 20008.332 336059.890 214500.00 875750.00 Pass Pass -308.28

Selenastrum capricornutum Growth 96 hours 20008.332 131545.936 214500.00 2509500.00 Pass Pass -1069.93

Selenastrum capricornutum Growth 96 hours 117664.424 138149.677 1718750.00 1710000.00 Pass Pass 0.51

Selenastrum capricornutum Growth 96 hours 117664.424 199468.251 1718750.00 1739250.00 Pass Pass -1.19

Selenastrum capricornutum Growth 96 hours 117664.424 256859.884 1718750.00 1636500.00 Pass Pass 4.79

Selenastrum capricornutum Growth 96 hours 117664.424 82012.194 1718750.00 1576000.00 Pass Fail 8.31

Selenastrum capricornutum Growth 96 hours 117664.424 107224.064 1718750.00 1754500.00 Pass Pass -2.08

Selenastrum capricornutum Growth 96 hours 117664.424 268667.545 1718750.00 2136750.00 Pass Pass -24.32

Selenastrum capricornutum Growth 96 hours 117664.424 113420.677 1718750.00 2516250.00 Pass Pass -46.40

Selenastrum capricornutum Growth 96 hours 117664.424 225378.755 1718750.00 2457750.00 Pass Pass -43.00

Selenastrum capricornutum Growth 96 hours 117664.424 313713.776 1718750.00 1668500.00 Pass Pass 2.92

Selenastrum capricornutum Growth 96 hours 117664.424 283753.855 1718750.00 2615250.00 Pass Pass -52.16

Selenastrum capricornutum Growth 96 hours 117664.424 313503.854 1718750.00 2841000.00 Pass Pass -65.29

Selenastrum capricornutum Growth 96 hours 117664.424 265778.103 1718750.00 2099000.00 Pass Pass -22.12

Selenastrum capricornutum Growth 96 hours 11757.976 67633.202 230250.00 2321750.00 Pass Pass -908.36

Selenastrum capricornutum Growth 96 hours 11757.976 73704.364 230250.00 2243500.00 Pass Pass -874.38

Selenastrum capricornutum Growth 96 hours 11757.976 369473.838 230250.00 2070250.00 Pass Pass -799.13

Selenastrum capricornutum Growth 96 hours 11757.976 413672.475 230250.00 2666750.00 Pass Pass -1058.20

Selenastrum capricornutum Growth 96 hours 11757.976 210898.672 230250.00 1893750.00 Pass Pass -722.48

Selenastrum capricornutum Growth 96 hours 148939.305 228190.527 785750.00 1926750.00 Pass Pass -145.21

Selenastrum capricornutum Growth 96 hours 148939.305 98171.194 785750.00 2072250.00 Pass Pass -163.73

Selenastrum capricornutum Growth 96 hours 148939.305 98640.762 785750.00 1956000.00 Pass Pass -148.93

Selenastrum capricornutum Growth 96 hours 148939.305 26820.390 785750.00 2010000.00 Pass Pass -155.81

Selenastrum capricornutum Growth 96 hours 30739.497 39353.102 643250.00 2390000.00 Pass Pass -271.55

Selenastrum capricornutum Growth 96 hours 30739.497 160541.791 643250.00 1836500.00 Pass Pass -185.50

Selenastrum capricornutum Growth 96 hours 30739.497 257982.396 643250.00 1998750.00 Pass Pass -210.73

Selenastrum capricornutum Growth 96 hours 30739.497 245336.504 643250.00 1925000.00 Pass Pass -199.26

Selenastrum capricornutum Growth 96 hours 30739.497 112283.495 643250.00 2304750.00 Pass Pass -258.30
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Selenastrum capricornutum Growth 96 hours 21422.340 196950.925 678250.00 1690500.00 Pass Pass -149.24

Selenastrum capricornutum Growth 96 hours 21422.340 304491.242 678250.00 1451250.00 Pass Pass -113.97

Selenastrum capricornutum Growth 96 hours 292692.102 290097.685 1503000.00 3835000.00 Pass Pass -155.16

Selenastrum capricornutum Growth 96 hours 292692.102 148059.391 1503000.00 1666750.00 Pass Pass -10.89

Selenastrum capricornutum Growth 96 hours 116477.466 476423.131 1376500.00 2250500.00 Pass Pass -63.49

Selenastrum capricornutum Growth 96 hours 116477.466 79235.409 1376500.00 1399750.00 Pass Pass -1.69

Selenastrum capricornutum Growth 96 hours 116477.466 734071.920 1376500.00 2178750.00 Pass Pass -58.28

Selenastrum capricornutum Growth 96 hours 37331.845 458801.337 1537500.00 1823000.00 Pass Pass -18.57

Selenastrum capricornutum Growth 96 hours 37331.845 393414.434 1537500.00 2299750.00 Pass Pass -49.58

Selenastrum capricornutum Growth 96 hours 37331.845 390093.472 1537500.00 2052750.00 Pass Pass -33.51

Selenastrum capricornutum Growth 96 hours 37331.845 252862.776 1537500.00 2881750.00 Pass Pass -87.43

Selenastrum capricornutum Growth 96 hours 37331.845 408405.028 1537500.00 3890000.00 Pass Pass -153.01

Selenastrum capricornutum Growth 96 hours 229504.539 337537.158 1514500.00 2573000.00 Pass Pass -69.89

Selenastrum capricornutum Growth 96 hours 229504.539 240655.182 1514500.00 3096250.00 Pass Pass -104.44

Selenastrum capricornutum Growth 96 hours 229504.539 304247.158 1514500.00 2408500.00 Pass Pass -59.03

Selenastrum capricornutum Growth 96 hours 229504.539 196996.404 1514500.00 2312250.00 Pass Pass -52.67

Selenastrum capricornutum Growth 96 hours 119329.725 263165.981 1442250.00 2355500.00 Pass Pass -63.32

Selenastrum capricornutum Growth 96 hours 119329.725 336395.972 1442250.00 2616250.00 Pass Pass -81.40

Selenastrum capricornutum Growth 96 hours 149858.822 165270.233 1722500.00 3432250.00 Pass Pass -99.26

Selenastrum capricornutum Growth 96 hours 149858.822 269618.249 1722500.00 1317000.00 Fail Fail 23.54

Selenastrum capricornutum Growth 96 hours 149858.822 136846.629 1722500.00 1723500.00 Pass Pass -0.06

Selenastrum capricornutum Growth 96 hours 149858.822 139042.859 1722500.00 2532750.00 Pass Pass -47.04

Selenastrum capricornutum Growth 96 hours 149858.822 426589.088 1722500.00 2172250.00 Pass Pass -26.11

Selenastrum capricornutum Growth 96 hours 314886.620 368981.933 1624750.00 1697500.00 Pass Pass -4.48

Selenastrum capricornutum Growth 96 hours 314886.620 510702.457 1624750.00 2022500.00 Pass Pass -24.48

Selenastrum capricornutum Growth 96 hours 112123.072 266114.011 1171250.00 1504000.00 Pass Pass -28.41

Selenastrum capricornutum Growth 96 hours 112123.072 323654.523 1171250.00 3677750.00 Pass Pass -214.00

Selenastrum capricornutum Growth 96 hours 112123.072 394440.110 1171250.00 1728500.00 Pass Pass -47.58

Selenastrum capricornutum Growth 96 hours 211528.367 167057.625 1177250.00 1812250.00 Pass Pass -53.94

Selenastrum capricornutum Growth 96 hours 211528.367 434183.813 1177250.00 1550250.00 Pass Pass -31.68
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Selenastrum capricornutum Growth 96 hours 154601.639 22664.216 1089500.00 1627500.00 Pass Pass -49.38

Selenastrum capricornutum Growth 96 hours 154601.639 345043.355 1089500.00 1480750.00 Pass Pass -35.91

Selenastrum capricornutum Growth 96 hours 154601.639 139406.779 1089500.00 2199250.00 Pass Pass -101.86

Selenastrum capricornutum Growth 96 hours 154601.639 149954.160 1089500.00 2052250.00 Pass Pass -88.37

Selenastrum capricornutum Growth 96 hours 181770.001 172364.923 984500.00 2024500.00 Pass Pass -105.64

Selenastrum capricornutum Growth 96 hours 181770.001 258721.858 984500.00 1632500.00 Pass Pass -65.82

Selenastrum capricornutum Growth 96 hours 181770.001 91715.139 984500.00 2210500.00 Pass Pass -124.53

Selenastrum capricornutum Growth 96 hours 181770.001 126415.650 984500.00 1977750.00 Pass Pass -100.89

Selenastrum capricornutum Growth 96 hours 181770.001 144493.079 984500.00 2036250.00 Pass Pass -106.83

Selenastrum capricornutum Growth 96 hours 219332.890 185420.918 1341750.00 1821750.00 Pass Pass -35.77

Selenastrum capricornutum Growth 96 hours 219332.890 80950.602 1341750.00 1902500.00 Pass Pass -41.79

Selenastrum capricornutum Growth 96 hours 219332.890 41713.307 1341750.00 2063000.00 Pass Pass -53.75

Selenastrum capricornutum Growth 96 hours 119502.789 87480.950 1144250.00 1808750.00 Pass Pass -58.07

Selenastrum capricornutum Growth 96 hours 119502.789 85564.790 1144250.00 1750000.00 Pass Pass -52.94

Selenastrum capricornutum Growth 96 hours 118300.465 83436.603 591500.00 3088500.00 Pass Pass -422.15

Selenastrum capricornutum Growth 96 hours 118300.465 179771.151 591500.00 2775500.00 Pass Pass -369.23

Selenastrum capricornutum Growth 96 hours 118300.465 108803.722 591500.00 1534250.00 Pass Pass -159.38

Selenastrum capricornutum Growth 96 hours 225019.073 70223.453 1356250.00 232000.00 Fail Fail 82.89

Selenastrum capricornutum Growth 96 hours 35916.570 70223.453 215000.00 232000.00 Pass Pass -7.91

Selenastrum capricornutum Growth 96 hours 225019.073 11500.000 1356250.00 227250.00 Fail Fail 83.24

Selenastrum capricornutum Growth 96 hours 35916.570 11500.000 215000.00 227250.00 Pass Pass -5.70

Selenastrum capricornutum Growth 96 hours 225019.073 274448.538 1356250.00 1405000.00 Pass Pass -3.59

Selenastrum capricornutum Growth 96 hours 35916.570 274448.538 215000.00 1405000.00 Pass Pass -553.49

Selenastrum capricornutum Growth 96 hours 225019.073 700109.694 1356250.00 2480750.00 Pass Pass -82.91

Selenastrum capricornutum Growth 96 hours 35916.570 700109.694 215000.00 2480750.00 Pass Pass -1053.84

Selenastrum capricornutum Growth 96 hours 225019.073 436588.574 1356250.00 1474750.00 Pass Pass -8.74

Selenastrum capricornutum Growth 96 hours 35916.570 436588.574 215000.00 1474750.00 Pass Pass -585.93

Selenastrum capricornutum Growth 96 hours 35916.570 47967.871 215000.00 291750.00 Pass Pass -35.70

Selenastrum capricornutum Growth 96 hours 225019.073 74363.970 1356250.00 265000.00 Fail Fail 80.46

Selenastrum capricornutum Growth 96 hours 35916.570 74363.970 215000.00 265000.00 Pass Pass -23.26
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Selenastrum capricornutum Growth 96 hours 225019.073 466170.480 1356250.00 1685250.00 Pass Pass -24.26

Selenastrum capricornutum Growth 96 hours 35916.570 466170.480 215000.00 1685250.00 Pass Pass -683.84

Selenastrum capricornutum Growth 96 hours 225019.073 230712.664 1356250.00 2076500.00 Pass Pass -53.11

Selenastrum capricornutum Growth 96 hours 35916.570 230712.664 215000.00 2076500.00 Pass Pass -865.81

Selenastrum capricornutum Growth 96 hours 26236.107 49297.566 208500.00 363750.00 Pass Pass -74.46

Selenastrum capricornutum Growth 96 hours 26236.107 26166.136 208500.00 335000.00 Pass Pass -60.67

Selenastrum capricornutum Growth 96 hours 26236.107 43332.051 208500.00 231500.00 Pass Pass -11.03

Selenastrum capricornutum Growth 96 hours 261040.227 129162.366 1110000.00 1390750.00 Pass Pass -25.29

Selenastrum capricornutum Growth 96 hours 80442.008 144587.920 998250.00 1001500.00 Pass Pass -0.33

Selenastrum capricornutum Growth 96 hours 20542.639 92902.727 366000.00 1275750.00 Pass Pass -248.57

Selenastrum capricornutum Growth 96 hours 20542.639 34684.290 366000.00 957500.00 Pass Pass -161.61

Selenastrum capricornutum Growth 96 hours 20542.639 237324.497 366000.00 1031250.00 Pass Pass -181.76

Selenastrum capricornutum Growth 96 hours 80442.008 60218.353 998250.00 797250.00 Pass Fail 20.14

Selenastrum capricornutum Growth 96 hours 215954.278 660774.482 1625750.00 2445750.00 Pass Pass -50.44

Selenastrum capricornutum Growth 96 hours 199055.059 64554.886 1647250.00 1810000.00 Pass Pass -9.88

Selenastrum capricornutum Growth 96 hours 199055.059 230404.536 1647250.00 1636250.00 Pass Pass 0.67

Selenastrum capricornutum Growth 96 hours 199055.059 181505.739 1647250.00 910500.00 Fail Fail 44.73

Selenastrum capricornutum Growth 96 hours 199055.059 213969.624 1647250.00 1624500.00 Pass Pass 1.38

Selenastrum capricornutum Growth 96 hours 199055.059 61500.000 1647250.00 1301750.00 Pass Fail 20.97

Selenastrum capricornutum Growth 96 hours 199055.059 66103.454 1647250.00 1968500.00 Pass Pass -19.50

Selenastrum capricornutum Growth 96 hours 159996.875 407308.646 1407500.00 1505500.00 Pass Pass -6.96

Selenastrum capricornutum Growth 96 hours 59974.300 172521.255 494250.00 1020250.00 Pass Pass -106.42

Selenastrum capricornutum Growth 96 hours 99374.712 116425.584 915000.00 2652250.00 Pass Pass -189.86

Selenastrum capricornutum Growth 96 hours 99374.712 146611.732 915000.00 2315500.00 Pass Pass -153.06

Selenastrum capricornutum Growth 96 hours 99374.712 305097.799 915000.00 2493000.00 Pass Pass -172.46

Selenastrum capricornutum Growth 96 hours 99374.712 445471.567 915000.00 1303250.00 Pass Pass -42.43

Selenastrum capricornutum Growth 96 hours 44493.445 93368.446 1260500.00 1990500.00 Pass Pass -57.91

Selenastrum capricornutum Growth 96 hours 299726.959 287307.472 1733125.00 2522250.00 Pass Pass -45.53

Selenastrum capricornutum Growth 96 hours 150176.285 287307.472 1732250.00 2522250.00 Pass Pass -45.61

Selenastrum capricornutum Growth 96 hours 299726.959 248516.096 1733125.00 2424750.00 Pass Pass -39.91



TST Test Drive 12/13/2011

149

Test Species Endpoint Duration Control SD Sample SD Control Mean Sample Mean
TST Pass or

Fail
NOEC Pass or

Fail
Mean % Effect at

100% Sample

Selenastrum capricornutum Growth 96 hours 150176.285 248516.096 1732250.00 2424750.00 Pass Pass -39.98

Selenastrum capricornutum Growth 96 hours 299726.959 296753.967 1733125.00 2419750.00 Pass Pass -39.62

Selenastrum capricornutum Growth 96 hours 150176.285 296753.967 1732250.00 2419750.00 Pass Pass -39.69

Selenastrum capricornutum Growth 96 hours 299726.959 163878.003 1733125.00 2086000.00 Pass Pass -20.36

Selenastrum capricornutum Growth 96 hours 150176.285 163878.003 1732250.00 2086000.00 Pass Pass -20.42

Selenastrum capricornutum Growth 96 hours 299726.959 226511.773 1733125.00 2074250.00 Pass Pass -19.68

Selenastrum capricornutum Growth 96 hours 150176.285 226511.773 1732250.00 2074250.00 Pass Pass -19.74

Selenastrum capricornutum Growth 96 hours 299726.959 216705.638 1733125.00 1911000.00 Pass Pass -10.26

Selenastrum capricornutum Growth 96 hours 150176.285 216705.638 1732250.00 1911000.00 Pass Pass -10.32

Selenastrum capricornutum Growth 96 hours 299726.959 255687.961 1733125.00 2306500.00 Pass Pass -33.08

Selenastrum capricornutum Growth 96 hours 150176.285 255687.961 1732250.00 2306500.00 Pass Pass -33.15

Selenastrum capricornutum Growth 96 hours 299726.959 520496.798 1733125.00 2120750.00 Pass Pass -22.37

Selenastrum capricornutum Growth 96 hours 150176.285 520496.798 1732250.00 2120750.00 Pass Pass -22.43

Selenastrum capricornutum Growth 96 hours 299726.959 415672.146 1733125.00 1529000.00 Pass Pass 11.78

Selenastrum capricornutum Growth 96 hours 299726.959 10120676.999 1733125.00 7379250.00 Pass Pass -325.78

Selenastrum capricornutum Growth 96 hours 150176.285 10120676.999 1732250.00 7379250.00 Pass Pass -325.99

Selenastrum capricornutum Growth 96 hours 299726.959 152013.980 1733125.00 2519750.00 Pass Pass -45.39

Selenastrum capricornutum Growth 96 hours 150176.285 152013.980 1732250.00 2519750.00 Pass Pass -45.46

Selenastrum capricornutum Growth 96 hours 299726.959 45902.070 1733125.00 2492500.00 Pass Pass -43.82

Selenastrum capricornutum Growth 96 hours 150176.285 45902.070 1732250.00 2492500.00 Pass Pass -43.89

Selenastrum capricornutum Growth 96 hours 299726.959 283744.603 1733125.00 2250500.00 Pass Pass -29.85

Selenastrum capricornutum Growth 96 hours 150176.285 283744.603 1732250.00 2250500.00 Pass Pass -29.92

Selenastrum capricornutum Growth 96 hours 299726.959 215452.044 1733125.00 2259250.00 Pass Pass -30.36

Selenastrum capricornutum Growth 96 hours 150176.285 215452.044 1732250.00 2259250.00 Pass Pass -30.42

Selenastrum capricornutum Growth 96 hours 299726.959 111443.184 1733125.00 2910250.00 Pass Pass -67.92

Selenastrum capricornutum Growth 96 hours 150176.285 111443.184 1732250.00 2910250.00 Pass Pass -68.00

Selenastrum capricornutum Growth 96 hours 299726.959 298414.700 1733125.00 2566000.00 Pass Pass -48.06

Selenastrum capricornutum Growth 96 hours 150176.285 298414.700 1732250.00 2566000.00 Pass Pass -48.13

Selenastrum capricornutum Growth 96 hours 299726.959 440007.954 1733125.00 2268500.00 Pass Pass -30.89

Selenastrum capricornutum Growth 96 hours 150176.285 440007.954 1732250.00 2268500.00 Pass Pass -30.96
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Selenastrum capricornutum Growth 96 hours 299726.959 124410.610 1733125.00 2839000.00 Pass Pass -63.81

Selenastrum capricornutum Growth 96 hours 150176.285 124410.610 1732250.00 2839000.00 Pass Pass -63.89

Selenastrum capricornutum Growth 96 hours 299726.959 229706.153 1733125.00 2571250.00 Pass Pass -48.36

Selenastrum capricornutum Growth 96 hours 150176.285 229706.153 1732250.00 2571250.00 Pass Pass -48.43

Selenastrum capricornutum Growth 96 hours 299726.959 540894.552 1733125.00 2381250.00 Pass Pass -37.40

Selenastrum capricornutum Growth 96 hours 150176.285 540894.552 1732250.00 2381250.00 Pass Pass -37.47

Selenastrum capricornutum Growth 96 hours 299726.959 614844.899 1733125.00 1245750.00 Fail Pass 28.12

Selenastrum capricornutum Growth 96 hours 38957.242 171297.986 609500.00 959500.00 Pass Pass -57.42

Selenastrum capricornutum Growth 96 hours 38957.242 210770.808 609500.00 1334333.33 Pass Pass -118.92

Selenastrum capricornutum Growth 96 hours 38957.242 725173.313 609500.00 1450500.00 Pass Pass -137.98

Selenastrum capricornutum Growth 96 hours 38957.242 422829.359 609500.00 1885000.00 Pass Pass -209.27

Selenastrum capricornutum Growth 96 hours 196086.716 107666.151 1360000.00 1853000.00 Pass Pass -36.25

Selenastrum capricornutum Growth 96 hours 196086.716 544164.421 1360000.00 1404250.00 Pass Pass -3.25

Selenastrum capricornutum Growth 96 hours 91061.792 56935.636 1346750.00 1905500.00 Pass Pass -41.49

Selenastrum capricornutum Growth 96 hours 91061.792 132527.984 1346750.00 1725500.00 Pass Pass -28.12

Selenastrum capricornutum Growth 96 hours 91061.792 179679.344 1346750.00 2333000.00 Pass Pass -73.23

Selenastrum capricornutum Growth 96 hours 91061.792 66979.474 1346750.00 1626750.00 Pass Pass -20.79

Selenastrum capricornutum Growth 96 hours 91061.792 183211.171 1346750.00 1215500.00 Pass Pass 9.75

Selenastrum capricornutum Growth 96 hours 91061.792 39584.298 1346750.00 1805250.00 Pass Pass -34.04

Selenastrum capricornutum Growth 96 hours 255203.187 209369.689 1657000.00 2671500.00 Pass Pass -61.23

Selenastrum capricornutum Growth 96 hours 255203.187 75846.336 1657000.00 1630000.00 Pass Pass 1.63

Selenastrum capricornutum Growth 96 hours 255203.187 54701.463 1657000.00 1223250.00 Fail Fail 26.18

Selenastrum capricornutum Growth 96 hours 255203.187 603062.739 1657000.00 1368000.00 Fail Pass 17.44

Selenastrum capricornutum Growth 96 hours 204560.301 107825.090 1801250.00 1788250.00 Pass Pass 0.72

Selenastrum capricornutum Growth 96 hours 204560.301 117487.588 1801250.00 1897000.00 Pass Pass -5.32

Selenastrum capricornutum Growth 96 hours 204560.301 230872.259 1801250.00 1291000.00 Fail Fail 28.33

Selenastrum capricornutum Growth 96 hours 204560.301 700167.123 1801250.00 1613000.00 Fail Pass 10.45

Selenastrum capricornutum Growth 96 hours 204560.301 97534.182 1801250.00 1699750.00 Pass Pass 5.63

Selenastrum capricornutum Growth 96 hours 204560.301 260538.385 1801250.00 1928250.00 Pass Pass -7.05

Selenastrum capricornutum Growth 96 hours 181189.588 159488.767 1627500.00 3225000.00 Pass Pass -98.16
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Selenastrum capricornutum Growth 96 hours 181189.588 411716.225 1627500.00 1846750.00 Pass Pass -13.47

Selenastrum capricornutum Growth 96 hours 135308.290 67103.775 1006500.00 3378750.00 Pass Pass -235.69

Selenastrum capricornutum Growth 96 hours 135308.290 40044.767 1006500.00 3484250.00 Pass Pass -246.17

Selenastrum capricornutum Growth 96 hours 138075.764 88383.162 1329750.00 2423250.00 Pass Pass -82.23

Selenastrum capricornutum Growth 96 hours 138075.764 59095.262 1329750.00 753750.00 Fail Fail 43.32

Selenastrum capricornutum Growth 96 hours 138075.764 196277.015 1329750.00 1587000.00 Pass Pass -19.35

Selenastrum capricornutum Growth 96 hours 138075.764 424050.705 1329750.00 2516500.00 Pass Pass -89.25

Selenastrum capricornutum Growth 96 hours 129296.494 252576.556 1214250.00 680250.00 Fail Fail 43.98

Selenastrum capricornutum Growth 96 hours 270391.537 324429.114 1495750.00 2400750.00 Pass Pass -60.50

Selenastrum capricornutum Growth 96 hours 270391.537 2160.247 1495750.00 4184000.00 Pass Pass -179.73

Selenastrum capricornutum Growth 96 hours 270391.537 243237.881 1495750.00 3369000.00 Pass Pass -125.24

Selenastrum capricornutum Growth 96 hours 56706.114 283571.713 1328750.00 1977750.00 Pass Pass -48.84

Selenastrum capricornutum Growth 96 hours 56706.114 91889.426 1328750.00 3397500.00 Pass Pass -155.69

Selenastrum capricornutum Growth 96 hours 56706.114 49949.141 1328750.00 3290250.00 Pass Pass -147.62

Selenastrum capricornutum Growth 96 hours 56706.114 86671.795 1328750.00 3239000.00 Pass Pass -143.76

Selenastrum capricornutum Growth 96 hours 56706.114 119569.715 1328750.00 3141250.00 Pass Pass -136.41

Selenastrum capricornutum Growth 96 hours 255494.945 443563.599 1747500.00 2496000.00 Pass Pass -42.83

Selenastrum capricornutum Growth 96 hours 255494.945 114840.469 1747500.00 2301500.00 Pass Pass -31.70

Selenastrum capricornutum Growth 96 hours 255494.945 238903.572 1747500.00 2226250.00 Pass Pass -27.40

Selenastrum capricornutum Growth 96 hours 255494.945 435329.760 1747500.00 2422000.00 Pass Pass -38.60

Selenastrum capricornutum Growth 96 hours 121908.094 267260.641 1543250.00 1449750.00 Pass Pass 6.06

Selenastrum capricornutum Growth 96 hours 121908.094 84791.902 1543250.00 2376500.00 Pass Pass -53.99

Selenastrum capricornutum Growth 96 hours 121908.094 154500.000 1543250.00 3616250.00 Pass Pass -134.33

Selenastrum capricornutum Growth 96 hours 121908.094 12369.317 1543250.00 212500.00 Fail Fail 86.23

Selenastrum capricornutum Growth 96 hours 206806.472 608008.977 1487250.00 2305750.00 Pass Pass -55.03

Selenastrum capricornutum Growth 96 hours 206806.472 100194.810 1487250.00 1234500.00 Pass Fail 16.99

Selenastrum capricornutum Growth 96 hours 151722.059 170400.509 1364750.00 2702500.00 Pass Pass -98.02

Selenastrum capricornutum Growth 96 hours 204560.301 40369.130 1801250.00 1414500.00 Pass Fail 21.47

Selenastrum capricornutum Growth 96 hours 204560.301 282355.568 1801250.00 1730000.00 Pass Pass 3.96

Selenastrum capricornutum Growth 96 hours 204560.301 228570.923 1801250.00 1384000.00 Fail Fail 23.16
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Selenastrum capricornutum Growth 96 hours 204560.301 855230.330 1801250.00 1537250.00 Fail Pass 14.66

Selenastrum capricornutum Growth 96 hours 204560.301 20774.584 1801250.00 128750.00 Fail Fail 92.85

Selenastrum capricornutum Growth 96 hours 204560.301 350157.465 1801250.00 2491750.00 Pass Pass -38.33

Selenastrum capricornutum Growth 96 hours 204560.301 91091.529 1801250.00 2622500.00 Pass Pass -45.59

Selenastrum capricornutum Growth 96 hours 204560.301 204560.301 1801250.00 1801250.00 Pass Pass 0.00

Selenastrum capricornutum Growth 96 hours 204560.301 193343.175 1801250.00 2718250.00 Pass Pass -50.91

Selenastrum capricornutum Growth 96 hours 204560.301 149475.751 1801250.00 3022500.00 Pass Pass -67.80

Selenastrum capricornutum Growth 96 hours 204560.301 20338.797 1801250.00 333500.00 Fail Fail 81.49

Selenastrum capricornutum Growth 96 hours 59847.027 169442.960 714500.00 2137750.00 Pass Pass -199.20

Selenastrum capricornutum Growth 96 hours 59847.027 231920.964 714500.00 1276000.00 Pass Pass -78.59

Selenastrum capricornutum Growth 96 hours 59847.027 158384.290 714500.00 1369250.00 Pass Pass -91.64

Selenastrum capricornutum Growth 96 hours 59847.027 238781.630 714500.00 2704000.00 Pass Pass -278.45

Selenastrum capricornutum Growth 96 hours 57657.032 253406.130 408500.00 1996000.00 Pass Pass -388.62

Selenastrum capricornutum Growth 96 hours 57657.032 268554.774 408500.00 1627500.00 Pass Pass -298.41

Selenastrum capricornutum Growth 96 hours 57657.032 59090.326 408500.00 436500.00 Pass Pass -6.85

Selenastrum capricornutum Growth 96 hours 57657.032 123731.901 408500.00 2045250.00 Pass Pass -400.67

Selenastrum capricornutum Growth 96 hours 57657.032 223855.608 408500.00 2512000.00 Pass Pass -514.93

Selenastrum capricornutum Growth 96 hours 43852.024 69274.214 438500.00 1523750.00 Pass Pass -247.49

Selenastrum capricornutum Growth 96 hours 43852.024 110492.835 438500.00 2270000.00 Pass Pass -417.67

Selenastrum capricornutum Growth 96 hours 43852.024 243917.165 438500.00 2501750.00 Pass Pass -470.52

Selenastrum capricornutum Growth 96 hours 43852.024 362554.823 438500.00 1814000.00 Pass Pass -313.68

Selenastrum capricornutum Growth 96 hours 43852.024 189351.525 438500.00 1704000.00 Pass Pass -288.60

Selenastrum capricornutum Growth 96 hours 214881.944 360573.039 1237250.00 1838750.00 Pass Pass -48.62

Selenastrum capricornutum Growth 96 hours 214881.944 347656.440 1237250.00 1637500.00 Pass Pass -32.35

Selenastrum capricornutum Growth 96 hours 214881.944 436492.841 1237250.00 1218000.00 Pass Pass 1.56

Selenastrum capricornutum Growth 96 hours 214881.944 258908.607 1237250.00 1879500.00 Pass Pass -51.91

Selenastrum capricornutum Growth 96 hours 41633.320 41633.320 3103333.33 3103333.33 Pass Pass 0.00

Selenastrum capricornutum Growth 96 hours 34641.016 185202.592 3280000.00 4860000.00 Pass Pass -48.17

Selenastrum capricornutum Growth 96 hours 34641.016 10969.655 3280000.00 368333.33 Fail Fail 88.77

Selenastrum capricornutum Growth 96 hours 34641.016 136137.186 3280000.00 4436666.67 Pass Pass -35.26
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Selenastrum capricornutum Growth 96 hours 34641.016 121655.251 3280000.00 1690000.00 Fail Fail 48.48

Selenastrum capricornutum Growth 96 hours 41633.320 560029.761 3116666.67 5123333.33 Pass Pass -64.39

Selenastrum capricornutum Growth 96 hours 41633.320 889175.648 3116666.67 5323333.33 Pass Pass -70.80

Selenastrum capricornutum Growth 96 hours 51961.524 30550.505 2960000.00 1436666.67 Fail Fail 51.46

Selenastrum capricornutum Growth 96 hours 51961.524 23094.011 2960000.00 3393333.33 Pass Pass -14.64

Selenastrum capricornutum Growth 96 hours 51961.524 97125.349 2960000.00 4156666.67 Pass Pass -40.43

Selenastrum capricornutum Growth 96 hours 51961.524 81445.278 2960000.00 4463333.33 Pass Pass -50.79

Selenastrum capricornutum Growth 96 hours 51961.524 45092.498 2960000.00 4586666.67 Pass Pass -54.95

Selenastrum capricornutum Growth 96 hours 51961.524 23094.011 2960000.00 2283333.33 Pass Fail 22.86

Selenastrum capricornutum Growth 96 hours 72111.026 433128.157 1730000.00 4520000.00 Pass Pass -161.27

Selenastrum capricornutum Growth 96 hours 30550.505 11547.005 1903333.33 1716666.67 Pass Fail 9.81

Selenastrum capricornutum Growth 96 hours 30550.505 41633.320 1903333.33 1676666.67 Pass Fail 11.91

Selenastrum capricornutum Growth 96 hours 23094.011 34641.016 1836666.67 1730000.00 Pass Fail 5.81

Selenastrum capricornutum Growth 96 hours 23094.011 349332.697 1836666.67 3606666.67 Pass Pass -96.37

Selenastrum capricornutum Growth 96 hours 47258.156 70945.989 2003333.33 1636666.67 Pass Fail 18.30

Selenastrum capricornutum Growth 96 hours 72111.026 110151.411 2730000.00 3806666.67 Pass Pass -39.44

Selenastrum capricornutum Growth 96 hours 72111.026 15275.252 2730000.00 2923333.33 Pass Pass -7.08

Selenastrum capricornutum Growth 96 hours 72111.026 121655.251 2730000.00 3260000.00 Pass Pass -19.41

Selenastrum capricornutum Growth 96 hours 72111.026 155884.573 2730000.00 4330000.00 Pass Pass -58.61

Selenastrum capricornutum Growth 96 hours 60000.000 249866.631 2010000.00 4496666.67 Pass Pass -123.71

Selenastrum capricornutum Growth 96 hours 60000.000 37859.389 2010000.00 1506666.67 Fail Fail 25.04

Selenastrum capricornutum Growth 96 hours 26457.513 498029.450 2080000.00 4236666.67 Pass Pass -103.69

Selenastrum capricornutum Growth 96 hours 26457.513 762692.599 2080000.00 4220000.00 Pass Pass -102.88

Selenastrum capricornutum Growth 96 hours 30550.505 45092.498 2036666.67 1273333.33 Fail Fail 37.48

Selenastrum capricornutum Growth 96 hours 30550.505 96090.235 2036666.67 3476666.67 Pass Pass -70.70

Selenastrum capricornutum Growth 96 hours 10000.000 166232.769 2030000.00 5346666.67 Pass Pass -163.38

Selenastrum capricornutum Growth 96 hours 10000.000 30550.505 2030000.00 4233333.33 Pass Pass -108.54

Selenastrum capricornutum Growth 96 hours 10000.000 45825.757 2030000.00 3490000.00 Pass Pass -71.92

Selenastrum capricornutum Growth 96 hours 10000.000 660025.252 2030000.00 6503333.33 Pass Pass -220.36

Ceriodaphnia dubia Reproduction 6-8 day 4.780 3.718 21.80 20.60 Pass Pass 5.50



TST Test Drive 12/13/2011

154

Test Species Endpoint Duration Control SD Sample SD Control Mean Sample Mean
TST Pass or

Fail
NOEC Pass or

Fail
Mean % Effect at

100% Sample

Ceriodaphnia dubia Reproduction 6-8 day 4.780 2.675 21.80 21.60 Pass Pass 0.92

Ceriodaphnia dubia Reproduction 6-8 day 4.780 2.550 21.80 19.67 Pass Pass 9.79

Pimephales promelas Survival 7 day 5.000 55.076 97.50 63.33 Fail Pass 35.04

Pimephales promelas Survival 7 day 5.000 5.774 97.50 93.33 Pass Pass 4.27

Pimephales promelas Survival 7 day 5.000 30.551 97.50 66.67 Fail Pass 31.62

Pimephales promelas Biomass 7 day 0.030 0.353 0.59 0.41 Fail Pass 30.48

Pimephales promelas Biomass 7 day 0.030 0.049 0.59 0.56 Pass Pass 4.84

Pimephales promelas Biomass 7 day 0.030 0.181 0.59 0.38 Fail Pass 35.61

Ceriodaphnia dubia Reproduction 6-8 day 1.333 3.561 20.00 25.70 Pass Pass -28.50

Ceriodaphnia dubia Reproduction 6-8 day 1.333 4.715 20.00 25.70 Pass Pass -28.50

Ceriodaphnia dubia Reproduction 6-8 day 1.333 4.040 20.00 24.90 Pass Pass -24.50

Pimephales promelas Survival 7 day 0.000 20.817 100.00 33.33 Fail Fail 66.67

Pimephales promelas Survival 7 day 0.000 17.321 100.00 90.00 Pass Pass 10.00

Pimephales promelas Survival 7 day 0.000 11.547 100.00 23.33 Fail Pass 76.67

Pimephales promelas Survival 7 day 0.000 10.000 100.00 90.00 Pass Pass 10.00

Pimephales promelas Biomass 7 day 0.046 0.112 0.62 0.14 Fail Fail 77.87

Pimephales promelas Biomass 7 day 0.046 0.055 0.62 0.50 Pass Fail 18.49

Pimephales promelas Biomass 7 day 0.046 0.071 0.62 0.11 Fail Fail 82.73

Pimephales promelas Biomass 7 day 0.046 0.085 0.62 0.46 Fail Fail 24.97

Ceriodaphnia dubia Reproduction 6-8 day 7.072 2.944 17.30 27.00 Pass Pass -56.07

Ceriodaphnia dubia Reproduction 6-8 day 7.072 2.470 17.30 22.90 Pass Pass -32.37

Ceriodaphnia dubia Reproduction 6-8 day 7.072 5.578 17.30 24.00 Pass Pass -38.73

Ceriodaphnia dubia Reproduction 6-8 day 7.072 3.093 17.30 22.30 Pass Pass -28.90

Pimephales promelas Survival 7 day 0.000 10.000 100.00 90.00 Pass Pass 10.00

Pimephales promelas Survival 7 day 0.000 11.547 100.00 86.67 Fail Pass 13.33

Pimephales promelas Survival 7 day 0.000 15.275 100.00 83.33 Fail Pass 16.67

Pimephales promelas Survival 7 day 0.000 6.409 100.00 96.30 Pass Pass 3.70

Pimephales promelas Biomass 7 day 0.067 0.029 0.68 0.58 Pass Pass 14.57

Pimephales promelas Biomass 7 day 0.067 0.076 0.68 0.58 Pass Pass 14.57

Pimephales promelas Biomass 7 day 0.067 0.131 0.68 0.56 Fail Pass 16.54
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Pimephales promelas Biomass 7 day 0.067 0.046 0.68 0.63 Pass Pass 7.16

Ceriodaphnia dubia Reproduction 6-8 day 4.686 3.950 25.20 31.40 Pass Pass -24.60

Ceriodaphnia dubia Reproduction 6-8 day 4.686 3.929 25.20 25.90 Pass Pass -2.78

Ceriodaphnia dubia Reproduction 6-8 day 4.686 5.138 25.20 28.20 Pass Pass -11.90

Ceriodaphnia dubia Reproduction 6-8 day 4.686 2.830 25.20 25.30 Pass Pass -0.40

Pimephales promelas Survival 7 day 5.000 0.000 97.50 100.00 Pass Pass -2.56

Pimephales promelas Survival 7 day 5.000 26.458 97.50 70.00 Fail Pass 28.21

Pimephales promelas Survival 7 day 5.000 0.000 97.50 100.00 Pass Pass -2.56

Pimephales promelas Survival 7 day 5.000 10.000 97.50 90.00 Pass Pass 7.69

Pimephales promelas Biomass 7 day 0.024 0.069 0.59 0.53 Pass Pass 9.40

Pimephales promelas Biomass 7 day 0.024 0.213 0.59 0.46 Fail Pass 21.37

Pimephales promelas Biomass 7 day 0.024 0.070 0.59 0.55 Pass Pass 6.55

Pimephales promelas Biomass 7 day 0.024 0.070 0.59 0.47 Fail Fail 19.66

Ceriodaphnia dubia Reproduction 6-8 day 4.677 6.616 21.10 33.56 Pass Pass -59.03

Ceriodaphnia dubia Reproduction 6-8 day 4.677 5.207 21.10 38.00 Pass Pass -80.09

Ceriodaphnia dubia Reproduction 6-8 day 4.677 5.174 21.10 33.90 Pass Pass -60.66

Ceriodaphnia dubia Reproduction 6-8 day 4.677 3.993 21.10 38.22 Pass Pass -81.15

Pimephales promelas Survival 7 day 0.000 5.774 100.00 93.33 Pass Pass 6.67

Pimephales promelas Survival 7 day 0.000 0.000 100.00 100.00 Pass Pass 0.00

Pimephales promelas Survival 7 day 0.000 17.321 100.00 90.00 Pass Pass 10.00

Pimephales promelas Survival 7 day 0.000 6.116 100.00 92.97 Pass Pass 7.03

Pimephales promelas Biomass 7 day 0.049 0.075 0.70 0.65 Pass Pass 7.95

Pimephales promelas Biomass 7 day 0.049 0.152 0.70 0.60 Fail Pass 15.07

Pimephales promelas Biomass 7 day 0.049 0.147 0.70 0.53 Fail Fail 24.56

Pimephales promelas Biomass 7 day 0.049 0.074 0.70 0.65 Pass Pass 7.00

Ceriodaphnia dubia Reproduction 6-8 day 4.433 5.420 17.10 19.40 Pass Pass -13.45

Ceriodaphnia dubia Reproduction 6-8 day 4.433 3.841 17.10 26.33 Pass Pass -54.00

Ceriodaphnia dubia Reproduction 6-8 day 4.433 4.766 17.10 23.60 Pass Pass -38.01

Ceriodaphnia dubia Reproduction 6-8 day 4.433 2.781 17.10 20.20 Pass Pass -18.13

Pimephales promelas Survival 7 day 0.000 6.116 100.00 92.97 Pass Pass 7.03
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Pimephales promelas Survival 7 day 0.000 0.000 100.00 100.00 Pass Pass 0.00

Pimephales promelas Survival 7 day 0.000 3.386 100.00 86.93 Pass Fail 13.07

Pimephales promelas Survival 7 day 0.000 6.116 100.00 92.97 Pass Pass 7.03

Ceriodaphnia dubia Reproduction 6-8 day 6.008 4.403 20.90 23.50 Pass Pass -12.44

Ceriodaphnia dubia Reproduction 6-8 day 6.008 10.688 20.90 24.70 Pass Pass -18.18

Ceriodaphnia dubia Reproduction 6-8 day 6.008 4.720 20.90 24.50 Pass Pass -17.22

Ceriodaphnia dubia Reproduction 6-8 day 6.008 11.891 20.90 25.50 Pass Pass -22.01

Pimephales promelas Survival 7 day 5.000 0.000 97.50 100.00 Pass Pass -2.56

Pimephales promelas Survival 7 day 5.000 0.000 97.50 100.00 Pass Pass -2.56

Pimephales promelas Survival 7 day 5.000 5.774 97.50 96.67 Pass Pass 0.85

Pimephales promelas Survival 7 day 5.000 0.000 97.50 100.00 Pass Pass -2.56

Selenastrum capricornutum Growth 96 hours 75498.344 123827.837 1775000.00 2730000.00 Pass Pass -53.80

Selenastrum capricornutum Growth 96 hours 75498.344 65000.000 1775000.00 1437500.00 Pass Fail 19.01

Ceriodaphnia dubia Reproduction 6-8 day 2.066 6.550 18.40 16.70 Pass Pass 9.24

Ceriodaphnia dubia Reproduction 6-8 day 2.066 2.584 18.40 18.30 Pass Pass 0.54

Pimephales promelas Survival 7 day 0.000 12.583 100.00 87.50 Fail Pass 12.50

Pimephales promelas Survival 7 day 0.000 8.165 100.00 90.00 Pass Pass 10.00

Pimephales promelas Survival 7 day 0.000 4.719 100.00 92.95 Pass Pass 7.05

Pimephales promelas Survival 7 day 0.000 15.681 100.00 86.13 Fail Pass 13.88

Pimephales promelas Survival 7 day 0.000 4.719 100.00 92.95 Pass Pass 7.05

Selenastrum capricornutum Growth 96 hours 58878.406 354494.946 1790000.00 3690000.00 Pass Pass -106.15

Selenastrum capricornutum Growth 96 hours 58878.406 274757.469 1790000.00 3467500.00 Pass Pass -93.72

Pimephales promelas Survival 7 day 5.000 11.547 97.50 60.00 Fail Fail 38.46

Pimephales promelas Survival 7 day 5.000 9.085 97.50 89.45 Pass Pass 8.26

Pimephales promelas Survival 7 day 9.100 8.165 95.45 90.00 Pass Pass 5.71

Pimephales promelas Survival 7 day 9.100 8.165 95.45 90.00 Pass Pass 5.71

Selenastrum capricornutum Growth 96 hours 44347.116 41228.510 1835000.00 60350.00 Fail Fail 96.71

Selenastrum capricornutum Growth 96 hours 44347.116 42031.734 1835000.00 1425000.00 Pass Fail 22.34

Ceriodaphnia dubia Reproduction 6-8 day 5.889 5.164 24.70 19.00 Fail Fail 23.08

Ceriodaphnia dubia Reproduction 6-8 day 5.889 5.808 24.70 28.20 Pass Pass -14.17
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Pimephales promelas Survival 7 day 5.526 17.321 95.23 75.00 Fail Pass 21.24

Pimephales promelas Survival 7 day 5.526 17.321 95.23 85.00 Pass Pass 10.74

Pimephales promelas Survival 7 day 5.526 11.564 95.23 88.98 Pass Pass 6.56

Pimephales promelas Survival 7 day 5.526 13.558 95.23 80.68 Pass Pass 15.28

Pimephales promelas Survival 7 day 5.526 6.303 95.23 85.43 Pass Pass 10.29

Selenastrum capricornutum Growth 96 hours 51639.778 435765.610 1950000.00 5157500.00 Pass Pass -164.49

Selenastrum capricornutum Growth 96 hours 51639.778 625832.779 1950000.00 5540000.00 Pass Pass -184.10

Pimephales promelas Survival 7 day 0.000 5.000 100.00 97.50 Pass Pass 2.50

Pimephales promelas Survival 7 day 5.000 5.000 97.50 97.50 Pass Pass 0.00

Pimephales promelas Survival 7 day 5.000 33.040 97.50 67.50 Fail Pass 30.77

Selenastrum capricornutum Growth 96 hours 20000.000 155349.069 1870000.00 2666666.67 Pass Pass -42.60

Selenastrum capricornutum Growth 96 hours 20000.000 11547.005 1870000.00 2826666.67 Pass Pass -51.16

Selenastrum capricornutum Growth 96 hours 20000.000 41633.320 1870000.00 3373333.33 Pass Pass -80.39

Ceriodaphnia dubia Reproduction 6-8 day 3.900 5.934 15.90 23.10 Pass Pass -45.28

Ceriodaphnia dubia Reproduction 6-8 day 3.900 6.222 15.90 25.40 Pass Pass -59.75

Pimephales promelas Survival 7 day 5.000 0.000 97.50 100.00 Pass Pass -2.56

Pimephales promelas Survival 7 day 5.000 5.000 97.50 87.50 Pass Pass 10.26

Pimephales promelas Survival 7 day 5.000 5.000 97.50 92.50 Pass Pass 5.13

Pimephales promelas Survival 7 day 5.000 10.000 97.50 95.00 Pass Pass 2.56

Pimephales promelas Survival 7 day 5.000 9.574 97.50 92.50 Pass Pass 5.13

Selenastrum capricornutum Growth 96 hours 46188.022 102632.029 1923333.33 5526666.67 Pass Pass -187.35

Selenastrum capricornutum Growth 96 hours 46188.022 276103.845 1923333.33 5043333.33 Pass Pass -162.22

Pimephales promelas Survival 7 day 5.000 18.930 97.50 87.50 Pass Pass 10.26

Pimephales promelas Survival 7 day 5.000 12.910 97.50 85.00 Pass Pass 12.82

Pimephales promelas Survival 7 day 0.000 5.000 100.00 97.50 Pass Pass 2.50

Pimephales promelas Survival 7 day 0.000 5.000 100.00 97.50 Pass Pass 2.50

Selenastrum capricornutum Growth 96 hours 30550.505 10969.655 1756666.67 387333.33 Fail Fail 77.95

Selenastrum capricornutum Growth 96 hours 30550.505 37859.389 1756666.67 1426666.67 Pass Fail 18.79

Selenastrum capricornutum Growth 96 hours 30550.505 72111.026 1756666.67 1690000.00 Pass Pass 3.80

Selenastrum capricornutum Growth 96 hours 30550.505 30550.505 1756666.67 2203333.33 Pass Pass -25.43
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Ceriodaphnia dubia Reproduction 6-8 day 3.190 3.093 28.80 21.30 Fail Fail 26.04

Ceriodaphnia dubia Reproduction 6-8 day 3.190 3.665 28.80 22.90 Pass Fail 20.49

Pimephales promelas Survival 7 day 5.000 12.522 97.50 87.23 Pass Pass 10.54

Pimephales promelas Survival 7 day 5.000 22.174 97.50 72.50 Fail Pass 25.64

Pimephales promelas Survival 7 day 5.000 5.774 97.50 95.00 Pass Pass 2.56

Pimephales promelas Survival 7 day 5.000 11.052 97.50 90.45 Pass Pass 7.23

Pimephales promelas Survival 7 day 5.000 6.100 97.50 86.95 Pass Pass 10.82

Selenastrum capricornutum Growth 96 hours 41633.320 165630.110 1783333.33 3933333.33 Pass Pass -120.56

Selenastrum capricornutum Growth 96 hours 41633.320 622173.609 1783333.33 4950000.00 Pass Pass -177.57

Pimephales promelas Survival 7 day 0.000 22.200 100.00 88.90 Pass Pass 11.10

Pimephales promelas Survival 7 day 0.000 12.910 100.00 65.00 Fail Fail 35.00

Pimephales promelas Survival 7 day 0.000 0.000 100.00 100.00 Pass Pass 0.00

Pimephales promelas Survival 7 day 0.000 24.457 100.00 56.13 Fail Fail 43.88

Selenastrum capricornutum Growth 96 hours 30550.505 36055.513 1876666.67 1410000.00 Fail Fail 24.87

Selenastrum capricornutum Growth 96 hours 30550.505 90184.995 1876666.67 1636666.67 Pass Fail 12.79

Selenastrum capricornutum Growth 96 hours 30550.505 91651.514 1876666.67 1710000.00 Pass Fail 8.88

Selenastrum capricornutum Growth 96 hours 30550.505 23094.011 1876666.67 2613333.33 Pass Pass -39.25

Ceriodaphnia dubia Reproduction 6-8 day 1.936 4.999 18.33 13.10 Fail Fail 28.55

Ceriodaphnia dubia Reproduction 6-8 day 1.936 5.840 18.33 14.90 Fail Pass 18.73

Pimephales promelas Survival 7 day 5.000 14.142 97.50 90.00 Pass Pass 7.69

Pimephales promelas Survival 7 day 5.000 16.925 97.50 82.23 Fail Pass 15.67

Pimephales promelas Survival 7 day 5.000 19.149 97.50 85.00 Pass Pass 12.82

Pimephales promelas Survival 7 day 5.000 5.774 97.50 95.00 Pass Pass 2.56

Pimephales promelas Survival 7 day 5.000 5.550 97.50 97.23 Pass Pass 0.28

Selenastrum capricornutum Growth 96 hours 179257.729 45092.498 1856666.67 3713333.33 Pass Pass -100.00

Selenastrum capricornutum Growth 96 hours 179257.729 136137.186 1856666.67 4606666.67 Pass Pass -148.11

Pimephales promelas Survival 7 day 0.000 33.040 100.00 62.50 Fail Pass 37.50

Pimephales promelas Survival 7 day 0.000 21.602 100.00 50.00 Fail Fail 50.00

Pimephales promelas Survival 7 day 0.000 5.000 100.00 97.50 Pass Pass 2.50

Pimephales promelas Survival 7 day 0.000 5.000 100.00 97.50 Pass Pass 2.50
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Selenastrum capricornutum Growth 96 hours 70237.692 61101.009 1803333.33 2316666.67 Pass Pass -28.47

Selenastrum capricornutum Growth 96 hours 70237.692 20000.000 1803333.33 1280000.00 Fail Fail 29.02

Selenastrum capricornutum Growth 96 hours 70237.692 30550.505 1803333.33 2043333.33 Pass Pass -13.31

Selenastrum capricornutum Growth 96 hours 70237.692 11547.005 1803333.33 1226666.67 Fail Fail 31.98

Ceriodaphnia dubia Reproduction 6-8 day 4.789 6.240 19.40 14.60 Fail Fail 24.74

Ceriodaphnia dubia Reproduction 6-8 day 4.789 1.900 19.40 9.50 Fail Fail 51.03

Pimephales promelas Survival 7 day 0.000 11.547 100.00 70.00 Fail Fail 30.00

Pimephales promelas Survival 7 day 0.000 23.805 100.00 85.00 Fail Pass 15.00

Pimephales promelas Survival 7 day 0.000 28.723 100.00 67.50 Fail Pass 32.50

Pimephales promelas Survival 7 day 0.000 26.300 100.00 67.50 Fail Fail 32.50

Pimephales promelas Survival 7 day 0.000 35.940 100.00 72.50 Fail Pass 27.50

Selenastrum capricornutum Growth 96 hours 40000.000 11547.005 1630000.00 2323333.33 Pass Pass -42.54

Selenastrum capricornutum Growth 96 hours 40000.000 35118.846 1630000.00 3533333.33 Pass Pass -116.77

Pimephales promelas Survival 7 day 15.000 18.257 92.50 50.00 Fail Fail 45.95

Pimephales promelas Survival 7 day 15.000 12.910 92.50 85.00 Pass Pass 8.11

Selenastrum capricornutum Growth 96 hours 34641.016 52915.026 2170000.00 3380000.00 Pass Pass -55.76

Selenastrum capricornutum Growth 96 hours 34641.016 70000.000 2170000.00 1390000.00 Fail Fail 35.94

Selenastrum capricornutum Growth 96 hours 34641.016 113724.814 2170000.00 1623333.33 Fail Fail 25.19

Selenastrum capricornutum Growth 96 hours 34641.016 102632.029 2170000.00 2553333.33 Pass Pass -17.67

Selenastrum capricornutum Growth 96 hours 34641.016 115902.258 2170000.00 3816666.67 Pass Pass -75.88

Ceriodaphnia dubia Reproduction 6-8 day 3.472 4.945 20.50 14.70 Fail Fail 28.29

Ceriodaphnia dubia Reproduction 6-8 day 3.472 4.296 20.50 16.70 Fail Fail 18.54

Pimephales promelas Survival 7 day 0.000 20.616 100.00 82.50 Fail Pass 17.50

Pimephales promelas Survival 7 day 0.000 11.547 100.00 80.00 Fail Fail 20.00

Pimephales promelas Survival 7 day 0.000 9.574 100.00 62.50 Fail Fail 37.50

Pimephales promelas Survival 7 day 0.000 15.000 100.00 77.50 Fail Fail 22.50

Pimephales promelas Survival 7 day 0.000 9.574 100.00 87.50 Fail Pass 12.50

Selenastrum capricornutum Growth 96 hours 61101.009 192873.015 1936666.67 2580000.00 Pass Pass -33.22

Selenastrum capricornutum Growth 96 hours 61101.009 30550.505 1936666.67 2626666.67 Pass Pass -35.63

Pimephales promelas Survival 7 day 18.930 12.910 87.50 85.00 Pass Pass 2.86
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Pimephales promelas Survival 7 day 18.930 27.538 87.50 67.50 Fail Pass 22.86

Pimephales promelas Survival 7 day 4.550 12.910 97.73 75.00 Fail Fail 23.25

Pimephales promelas Survival 7 day 4.550 9.574 97.73 77.50 Fail Fail 20.70

Selenastrum capricornutum Growth 96 hours 40000.000 106702.077 1730000.00 988666.67 Fail Fail 42.85

Selenastrum capricornutum Growth 96 hours 40000.000 41633.320 1730000.00 1213333.33 Fail Fail 29.87

Selenastrum capricornutum Growth 96 hours 40000.000 23094.011 1730000.00 1503333.33 Pass Fail 13.10

Selenastrum capricornutum Growth 96 hours 40000.000 77674.535 1730000.00 2843333.33 Pass Pass -64.35

Selenastrum capricornutum Growth 96 hours 40000.000 168621.865 1730000.00 3453333.33 Pass Pass -99.61

Ceriodaphnia dubia Reproduction 6-8 day 2.644 4.213 20.90 22.67 Pass Pass -8.45

Ceriodaphnia dubia Reproduction 6-8 day 2.644 2.908 20.90 24.70 Pass Pass -18.18

Selenastrum capricornutum Growth 96 hours 20000.000 30550.505 1910000.00 2466666.67 Pass Pass -29.14

Selenastrum capricornutum Growth 96 hours 20000.000 20000.000 1910000.00 3280000.00 Pass Pass -71.73

Pimephales promelas Survival 7 day 5.000 5.000 97.50 92.50 Pass Pass 5.13

Pimephales promelas Survival 7 day 5.000 22.603 97.50 76.68 Fail Pass 21.36

Selenastrum capricornutum Growth 96 hours 72111.026 266895.735 1890000.00 4123333.33 Pass Pass -118.17

Selenastrum capricornutum Growth 96 hours 72111.026 57735.027 1890000.00 1253333.33 Fail Fail 33.69

Selenastrum capricornutum Growth 96 hours 72111.026 40000.000 1890000.00 1570000.00 Pass Fail 16.93

Ceriodaphnia dubia Reproduction 6-8 day 3.178 2.915 22.10 28.50 Pass Pass -28.96

Ceriodaphnia dubia Reproduction 6-8 day 3.178 3.919 22.10 30.25 Pass Pass -36.88

Pimephales promelas Survival 7 day 0.000 5.000 100.00 97.50 Pass Pass 2.50

Pimephales promelas Survival 7 day 0.000 10.000 100.00 95.00 Pass Pass 5.00

Pimephales promelas Survival 7 day 0.000 5.000 100.00 97.50 Pass Pass 2.50

Pimephales promelas Survival 7 day 0.000 9.574 100.00 87.50 Fail Pass 12.50

Pimephales promelas Survival 7 day 0.000 5.774 100.00 95.00 Pass Pass 5.00

Selenastrum capricornutum Growth 96 hours 30550.505 351567.917 1716666.67 3520000.00 Pass Pass -105.05

Selenastrum capricornutum Growth 96 hours 30550.505 172143.351 1716666.67 3573333.33 Pass Pass -108.16

Selenastrum capricornutum Growth 96 hours 57735.027 60000.000 1783333.33 2270000.00 Pass Pass -27.29

Selenastrum capricornutum Growth 96 hours 57735.027 25166.115 1783333.33 1383333.33 Pass Fail 22.43

Ceriodaphnia dubia Reproduction 6-8 day 5.563 4.624 21.50 30.60 Pass Pass -42.33

Ceriodaphnia dubia Reproduction 6-8 day 5.563 1.897 21.50 29.40 Pass Pass -36.74
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Selenastrum capricornutum Growth 96 hours 30550.505 250066.658 1763333.33 3763333.33 Pass Pass -113.42

Selenastrum capricornutum Growth 96 hours 30550.505 457857.329 1763333.33 3786666.67 Pass Pass -114.74

Pimephales promelas Survival 7 day 0.000 17.078 100.00 82.50 Fail Pass 17.50

Pimephales promelas Survival 7 day 0.000 11.547 100.00 90.00 Pass Pass 10.00

Pimephales promelas Survival 7 day 0.000 21.068 100.00 86.40 Fail Pass 13.60

Pimephales promelas Survival 7 day 0.000 8.183 100.00 89.73 Pass Pass 10.28

Selenastrum capricornutum Growth 96 hours 41633.320 336501.610 1736666.67 4763333.33 Pass Pass -174.28

Selenastrum capricornutum Growth 96 hours 41633.320 0.000 1736666.67 1340000.00 Pass Fail 22.84

Ceriodaphnia dubia Reproduction 6-8 day 2.726 5.607 19.90 11.90 Fail Fail 40.20

Ceriodaphnia dubia Reproduction 6-8 day 2.726 4.326 19.90 13.60 Fail Fail 31.66

Pimephales promelas Survival 7 day 5.000 21.933 97.50 81.95 Fail Pass 15.95

Pimephales promelas Survival 7 day 5.000 6.108 97.50 94.73 Pass Pass 2.85

Pimephales promelas Survival 7 day 5.000 12.910 97.50 85.00 Pass Pass 12.82

Pimephales promelas Survival 7 day 5.000 9.574 97.50 92.50 Pass Pass 5.13

Pimephales promelas Survival 7 day 5.000 20.616 97.50 82.50 Fail Pass 15.38

Selenastrum capricornutum Growth 96 hours 11547.005 55677.644 1723333.33 3980000.00 Pass Pass -130.95

Selenastrum capricornutum Growth 96 hours 11547.005 337243.730 1723333.33 4353333.33 Pass Pass -152.61

Pimephales promelas Survival 7 day 5.000 5.000 97.50 97.50 Pass Pass 0.00

Pimephales promelas Survival 7 day 5.000 5.000 97.50 97.50 Pass Pass 0.00

Pimephales promelas Survival 7 day 0.000 14.153 100.00 89.73 Pass Pass 10.28

Pimephales promelas Survival 7 day 0.000 26.300 100.00 77.50 Fail Pass 22.50

Selenastrum capricornutum Growth 96 hours 30550.505 30550.505 1903333.33 2493333.33 Pass Pass -31.00

Selenastrum capricornutum Growth 96 hours 30550.505 11547.005 1903333.33 1173333.33 Fail Fail 38.35

Ceriodaphnia dubia Reproduction 6-8 day 2.150 1.647 16.80 9.40 Fail Fail 44.05

Ceriodaphnia dubia Reproduction 6-8 day 2.150 3.836 16.80 16.60 Pass Pass 1.19

Pimephales promelas Survival 7 day 5.000 11.547 97.50 90.00 Pass Pass 7.69

Pimephales promelas Survival 7 day 5.000 5.000 97.50 97.50 Pass Pass 0.00

Pimephales promelas Survival 7 day 5.000 5.000 97.50 97.50 Pass Pass 0.00

Pimephales promelas Survival 7 day 5.000 11.088 97.50 80.90 Fail Pass 17.03

Pimephales promelas Survival 7 day 5.000 5.209 97.50 92.23 Pass Pass 5.41
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Selenastrum capricornutum Growth 96 hours 20000.000 190350.554 1750000.00 3696666.67 Pass Pass -111.24

Selenastrum capricornutum Growth 96 hours 20000.000 284312.035 1750000.00 4006666.67 Pass Pass -128.95

Pimephales promelas Survival 7 day 5.000 5.000 97.50 97.50 Pass Pass 0.00

Pimephales promelas Survival 7 day 5.000 5.550 97.50 97.23 Pass Pass 0.28

Pimephales promelas Survival 7 day 5.000 41.932 97.50 72.50 Fail Pass 25.64

Pimephales promelas Survival 7 day 5.000 26.300 97.50 47.50 Fail Fail 51.28

Selenastrum capricornutum Growth 96 hours 11547.005 100166.528 1576666.67 3876666.67 Pass Pass -145.88

Selenastrum capricornutum Growth 96 hours 11547.005 30550.505 1576666.67 1353333.33 Pass Fail 14.16

Ceriodaphnia dubia Reproduction 6-8 day 4.322 3.882 24.30 19.80 Pass Fail 18.52

Ceriodaphnia dubia Reproduction 6-8 day 4.322 5.681 24.30 21.50 Pass Pass 11.52

Pimephales promelas Survival 7 day 5.000 25.000 97.50 67.50 Fail Pass 30.77

Pimephales promelas Survival 7 day 5.000 40.000 97.50 80.00 Fail Pass 17.95

Pimephales promelas Survival 7 day 5.000 26.300 97.50 77.50 Fail Pass 20.51

Pimephales promelas Survival 7 day 5.000 8.165 97.50 90.00 Pass Pass 7.69

Pimephales promelas Survival 7 day 5.000 10.690 97.50 57.23 Fail Fail 41.31

Selenastrum capricornutum Growth 96 hours 91651.514 423949.683 1890000.00 4416666.67 Pass Pass -133.69

Selenastrum capricornutum Growth 96 hours 91651.514 298719.489 1890000.00 5156666.67 Pass Pass -172.84

Pimephales promelas Survival 7 day 4.550 49.244 97.73 42.50 Fail Fail 56.51

Pimephales promelas Survival 7 day 4.550 39.476 97.73 32.50 Fail Fail 66.74

Pimephales promelas Survival 7 day 4.550 22.343 97.73 80.95 Fail Pass 17.17

Pimephales promelas Survival 7 day 4.550 5.000 97.73 97.50 Pass Pass 0.23

Ceriodaphnia dubia Reproduction 6-8 day 6.897 9.735 22.30 16.90 Fail Pass 24.22

Ceriodaphnia dubia Reproduction 6-8 day 6.897 8.195 22.30 18.60 Fail Pass 16.59

Ceriodaphnia dubia Reproduction 6-8 day 6.897 7.704 22.30 18.30 Fail Pass 17.94

Ceriodaphnia dubia Reproduction 6-8 day 6.897 6.154 22.30 19.10 Pass Pass 14.35

Ceriodaphnia dubia Reproduction 6-8 day 9.004 6.533 20.80 30.70 Pass Pass -47.60

Pimephales promelas Survival 7 day 5.000 14.142 97.50 90.00 Pass Pass 7.69

Pimephales promelas Survival 7 day 5.000 5.000 97.50 97.50 Pass Pass 0.00

Pimephales promelas Survival 7 day 5.000 9.830 97.50 84.73 Fail Fail 13.10

Pimephales promelas Survival 7 day 5.000 5.000 97.50 97.50 Pass Pass 0.00
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Pimephales promelas Survival 7 day 5.000 0.000 97.50 100.00 Pass Pass -2.56

Selenastrum capricornutum Growth 96 hours 41633.320 52915.026 1996666.67 2330000.00 Pass Pass -16.69

Selenastrum capricornutum Growth 96 hours 41633.320 41633.320 1996666.67 3063333.33 Pass Pass -53.42

Selenastrum capricornutum Growth 96 hours 41633.320 61101.009 1996666.67 2316666.67 Pass Pass -16.03

Selenastrum capricornutum Growth 96 hours 41633.320 20000.000 1996666.67 2680000.00 Pass Pass -34.22

Selenastrum capricornutum Growth 96 hours 41633.320 40000.000 1996666.67 2520000.00 Pass Pass -26.21

Ceriodaphnia dubia Reproduction 6-8 day 2.449 5.104 16.00 14.50 Pass Pass 9.38

Ceriodaphnia dubia Reproduction 6-8 day 2.449 5.379 16.00 19.60 Pass Pass -22.50

Ceriodaphnia dubia Reproduction 6-8 day 2.449 5.138 16.00 14.20 Pass Pass 11.25

Ceriodaphnia dubia Reproduction 6-8 day 2.449 3.020 16.00 15.70 Pass Pass 1.88

Ceriodaphnia dubia Reproduction 6-8 day 4.290 6.569 14.80 18.60 Pass Pass -25.68

Pimephales promelas Survival 7 day 0.000 20.616 100.00 57.50 Fail Fail 42.50

Pimephales promelas Survival 7 day 0.000 28.284 100.00 60.00 Fail Pass 40.00

Pimephales promelas Survival 7 day 0.000 11.201 100.00 75.10 Fail Fail 24.90

Pimephales promelas Survival 7 day 0.000 9.506 100.00 92.73 Pass Pass 7.28

Pimephales promelas Survival 7 day 0.000 12.803 100.00 77.18 Fail Fail 22.83

Selenastrum capricornutum Growth 96 hours 52915.026 51961.524 1830000.00 3540000.00 Pass Pass -93.44

Selenastrum capricornutum Growth 96 hours 52915.026 65574.385 1830000.00 4250000.00 Pass Pass -132.24

Selenastrum capricornutum Growth 96 hours 52915.026 52915.026 1830000.00 2860000.00 Pass Pass -56.28

Selenastrum capricornutum Growth 96 hours 52915.026 105356.538 1830000.00 3850000.00 Pass Pass -110.38

Ceriodaphnia dubia Reproduction 6-8 day 4.138 2.547 24.70 23.40 Pass Pass 5.26

Ceriodaphnia dubia Reproduction 6-8 day 4.138 3.302 24.70 27.70 Pass Pass -12.15

Ceriodaphnia dubia Reproduction 6-8 day 4.138 2.406 24.70 24.70 Pass Pass 0.00

Ceriodaphnia dubia Reproduction 6-8 day 4.138 3.665 24.70 25.10 Pass Pass -1.62

Ceriodaphnia dubia Reproduction 6-8 day 3.542 5.034 23.10 24.70 Pass Pass -6.93

Pimephales promelas Survival 7 day 5.000 17.463 97.50 73.98 Fail Pass 24.13

Pimephales promelas Survival 7 day 5.000 10.756 97.50 77.13 Fail Fail 20.90

Pimephales promelas Survival 7 day 5.000 5.000 97.50 87.50 Pass Pass 10.26

Pimephales promelas Survival 7 day 5.000 10.546 97.50 91.95 Pass Pass 5.69

Pimephales promelas Survival 7 day 5.000 18.881 97.50 81.13 Fail Pass 16.79
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Selenastrum capricornutum Growth 96 hours 51961.524 30550.505 2450000.00 3386666.67 Pass Pass -38.23

Selenastrum capricornutum Growth 96 hours 51961.524 135030.861 2450000.00 3706666.67 Pass Pass -51.29

Selenastrum capricornutum Growth 96 hours 51961.524 40000.000 2450000.00 3030000.00 Pass Pass -23.67

Selenastrum capricornutum Growth 96 hours 51961.524 175783.958 2450000.00 3560000.00 Pass Pass -45.31

Ceriodaphnia dubia Reproduction 6-8 day 4.191 4.557 29.30 26.10 Pass Pass 10.92

Ceriodaphnia dubia Reproduction 6-8 day 4.191 5.095 29.30 28.80 Pass Pass 1.71

Ceriodaphnia dubia Reproduction 6-8 day 4.191 5.922 29.30 29.80 Pass Pass -1.71

Ceriodaphnia dubia Reproduction 6-8 day 4.191 9.606 29.30 23.50 Fail Fail 19.80

Ceriodaphnia dubia Reproduction 6-8 day 7.732 5.888 24.30 32.00 Pass Pass -31.69

Pimephales promelas Survival 7 day 0.000 11.544 100.00 70.58 Fail Fail 29.43

Pimephales promelas Survival 7 day 0.000 5.000 100.00 72.50 Fail Fail 27.50

Pimephales promelas Survival 7 day 0.000 11.087 100.00 86.25 Fail Pass 13.75

Pimephales promelas Survival 7 day 0.000 4.844 100.00 87.23 Pass Fail 12.78

Pimephales promelas Survival 7 day 0.000 9.826 100.00 81.95 Fail Fail 18.05

Selenastrum capricornutum Growth 96 hours 34641.016 30550.505 1830000.00 2646666.67 Pass Pass -44.63

Selenastrum capricornutum Growth 96 hours 34641.016 40000.000 1830000.00 2070000.00 Pass Pass -13.11

Selenastrum capricornutum Growth 96 hours 34641.016 41633.320 1830000.00 2296666.67 Pass Pass -25.50

Selenastrum capricornutum Growth 96 hours 34641.016 52915.026 1830000.00 3070000.00 Pass Pass -67.76

Selenastrum capricornutum Growth 96 hours 34641.016 236924.742 1830000.00 3026666.67 Pass Pass -65.39

Ceriodaphnia dubia Reproduction 6-8 day 2.700 5.143 26.20 14.70 Fail Fail 43.89

Ceriodaphnia dubia Reproduction 6-8 day 2.700 5.798 26.20 12.11 Fail Fail 53.77

Ceriodaphnia dubia Reproduction 6-8 day 2.700 5.673 26.20 16.80 Fail Fail 35.88

Ceriodaphnia dubia Reproduction 6-8 day 6.250 2.345 22.20 14.33 Fail Fail 35.44

Pimephales promelas Survival 7 day 0.000 40.825 100.00 50.00 Fail Pass 50.00

Pimephales promelas Survival 7 day 0.000 22.174 100.00 62.50 Fail Fail 37.50

Pimephales promelas Survival 7 day 0.000 33.166 100.00 45.00 Fail Fail 55.00

Pimephales promelas Survival 7 day 0.000 31.800 100.00 84.10 Fail Pass 15.90

Selenastrum capricornutum Growth 96 hours 11547.005 30550.505 1876666.67 1563333.33 Pass Fail 16.70

Selenastrum capricornutum Growth 96 hours 11547.005 36055.513 1876666.67 1420000.00 Fail Fail 24.33

Selenastrum capricornutum Growth 96 hours 11547.005 11547.005 1876666.67 1583333.33 Pass Fail 15.63
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Selenastrum capricornutum Growth 96 hours 11547.005 104403.065 1876666.67 1500000.00 Pass Fail 20.07

Ceriodaphnia dubia Reproduction 6-8 day 13.720 12.383 23.70 25.70 Pass Pass -8.44

Ceriodaphnia dubia Reproduction 6-8 day 13.720 4.756 23.70 28.80 Pass Pass -21.52

Ceriodaphnia dubia Reproduction 6-8 day 13.720 12.013 23.70 24.10 Pass Pass -1.69

Ceriodaphnia dubia Reproduction 6-8 day 13.720 12.255 23.70 26.20 Pass Pass -10.55

Pimephales promelas Survival 7 day 5.774 43.986 95.00 57.23 Fail Pass 39.76

Pimephales promelas Survival 7 day 5.774 18.257 95.00 80.00 Fail Pass 15.79

Pimephales promelas Survival 7 day 5.774 22.174 95.00 82.50 Pass Pass 13.16

Pimephales promelas Survival 7 day 5.774 36.968 95.00 75.00 Fail Pass 21.05

Selenastrum capricornutum Growth 96 hours 52915.026 11547.005 1650000.00 1703333.33 Pass Pass -3.23

Selenastrum capricornutum Growth 96 hours 52915.026 11547.005 1650000.00 1373333.33 Pass Fail 16.77

Selenastrum capricornutum Growth 96 hours 52915.026 34641.016 1650000.00 1610000.00 Pass Pass 2.42

Selenastrum capricornutum Growth 96 hours 52915.026 41633.320 1650000.00 1756666.67 Pass Pass -6.46

Ceriodaphnia dubia Reproduction 6-8 day 4.999 2.601 27.90 28.10 Pass Pass -0.72

Ceriodaphnia dubia Reproduction 6-8 day 4.999 8.138 27.90 23.70 Pass Pass 15.05

Ceriodaphnia dubia Reproduction 6-8 day 4.999 5.110 27.90 25.11 Pass Pass 10.00

Ceriodaphnia dubia Reproduction 6-8 day 4.999 2.675 27.90 26.60 Pass Pass 4.66

Ceriodaphnia dubia Reproduction 6-8 day 8.772 9.964 23.50 20.20 Fail Pass 14.04

Pimephales promelas Survival 7 day 0.000 30.000 100.00 85.00 Pass Pass 15.00

Pimephales promelas Survival 7 day 0.000 15.000 100.00 87.50 Pass Pass 12.50

Pimephales promelas Survival 7 day 0.000 12.910 100.00 45.00 Fail Fail 55.00

Pimephales promelas Survival 7 day 0.000 23.914 100.00 59.45 Fail Fail 40.55

Pimephales promelas Survival 7 day 0.000 15.000 100.00 87.50 Pass Pass 12.50

Selenastrum capricornutum Growth 96 hours 80829.038 50332.230 1603333.33 3826666.67 Pass Pass -138.67

Selenastrum capricornutum Growth 96 hours 80829.038 95043.850 1603333.33 3993333.33 Pass Pass -149.06

Selenastrum capricornutum Growth 96 hours 80829.038 80829.038 1603333.33 3043333.33 Pass Pass -89.81

Selenastrum capricornutum Growth 96 hours 80829.038 104403.065 1603333.33 4060000.00 Pass Pass -153.22

Ceriodaphnia dubia Reproduction 6-8 day 4.428 4.614 16.50 20.20 Pass Pass -22.42

Ceriodaphnia dubia Reproduction 6-8 day 4.428 4.762 16.50 17.30 Pass Pass -4.85

Ceriodaphnia dubia Reproduction 6-8 day 4.428 6.616 16.50 13.44 Fail Pass 18.52
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Ceriodaphnia dubia Reproduction 6-8 day 4.428 6.698 16.50 22.89 Pass Pass -38.72

Ceriodaphnia dubia Reproduction 6-8 day 4.715 2.830 21.70 23.70 Pass Pass -9.22

Pimephales promelas Survival 7 day 0.000 5.550 100.00 97.23 Pass Pass 2.78

Pimephales promelas Survival 7 day 0.000 5.526 100.00 95.23 Pass Pass 4.78

Pimephales promelas Survival 7 day 0.000 33.665 100.00 80.00 Fail Pass 20.00

Pimephales promelas Survival 7 day 0.000 5.000 100.00 97.50 Pass Pass 2.50

Selenastrum capricornutum Growth 96 hours 50332.230 382143.080 1703333.33 3716666.67 Pass Pass -118.20

Selenastrum capricornutum Growth 96 hours 50332.230 64291.005 1703333.33 3806666.67 Pass Pass -123.48

Selenastrum capricornutum Growth 96 hours 50332.230 50332.230 1703333.33 3393333.33 Pass Pass -99.22

Selenastrum capricornutum Growth 96 hours 50332.230 510130.702 1703333.33 3776666.67 Pass Pass -121.72

Selenastrum capricornutum Growth 96 hours 50332.230 134288.247 1703333.33 3913333.33 Pass Pass -129.75

Ceriodaphnia dubia Reproduction 6-8 day 3.190 3.974 19.80 38.70 Pass Pass -95.45

Ceriodaphnia dubia Reproduction 6-8 day 3.190 5.160 19.80 29.20 Pass Pass -47.47

Ceriodaphnia dubia Reproduction 6-8 day 3.190 4.061 19.80 34.60 Pass Pass -74.75

Ceriodaphnia dubia Reproduction 6-8 day 3.190 5.782 19.80 32.90 Pass Pass -66.16

Ceriodaphnia dubia Reproduction 6-8 day 7.102 5.322 20.00 34.90 Pass Pass -74.50

Pimephales promelas Survival 7 day 0.000 29.439 100.00 70.00 Fail Pass 30.00

Pimephales promelas Survival 7 day 0.000 6.108 100.00 94.73 Pass Pass 5.28

Pimephales promelas Survival 7 day 0.000 26.503 100.00 73.90 Fail Pass 26.10

Pimephales promelas Survival 7 day 0.000 22.603 100.00 76.68 Fail Pass 23.33

Pimephales promelas Survival 7 day 0.000 5.526 100.00 95.23 Pass Pass 4.78

Ceriodaphnia dubia Reproduction 6-8 day 6.854 5.539 26.88 27.70 Pass Pass -3.07

Ceriodaphnia dubia Reproduction 6-8 day 6.854 3.571 26.88 28.67 Pass Pass -6.67

Ceriodaphnia dubia Reproduction 6-8 day 6.854 4.882 26.88 30.50 Pass Pass -13.49

Ceriodaphnia dubia Reproduction 6-8 day 6.854 6.494 26.88 36.20 Pass Pass -34.70

Ceriodaphnia dubia Reproduction 6-8 day 4.417 6.286 28.20 28.80 Pass Pass -2.13

Pimephales promelas Survival 7 day 6.108 9.673 94.73 86.78 Pass Pass 8.39

Pimephales promelas Survival 7 day 6.108 12.128 94.73 76.20 Fail Pass 19.56

Pimephales promelas Survival 7 day 6.108 9.080 94.73 89.18 Pass Pass 5.86

Pimephales promelas Survival 7 day 6.108 12.500 94.73 93.75 Pass Pass 1.03
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Pimephales promelas Survival 7 day 6.108 5.543 94.73 91.88 Pass Pass 3.01

Selenastrum capricornutum Growth 96 hours 30550.505 70000.000 1716666.67 3310000.00 Pass Pass -92.82

Selenastrum capricornutum Growth 96 hours 30550.505 77674.535 1716666.67 2416666.67 Pass Pass -40.78

Selenastrum capricornutum Growth 96 hours 30550.505 41633.320 1716666.67 3016666.67 Pass Pass -75.73

Selenastrum capricornutum Growth 96 hours 30550.505 97125.349 1716666.67 3586666.67 Pass Pass -108.93

Selenastrum capricornutum Growth 96 hours 30550.505 87177.979 1716666.67 3090000.00 Pass Pass -80.00

Ceriodaphnia dubia Reproduction 6-8 day 1.581 2.675 20.50 26.60 Pass Pass -29.76

Ceriodaphnia dubia Reproduction 6-8 day 1.581 1.703 20.50 26.30 Pass Pass -28.29

Ceriodaphnia dubia Reproduction 6-8 day 1.581 2.234 20.50 24.10 Pass Pass -17.56

Ceriodaphnia dubia Reproduction 6-8 day 1.581 2.983 20.50 24.70 Pass Pass -20.49

Ceriodaphnia dubia Reproduction 6-8 day 2.025 2.011 22.90 28.60 Pass Pass -24.89

Pimephales promelas Survival 7 day 5.888 27.638 94.95 63.60 Fail Pass 33.02

Pimephales promelas Survival 7 day 5.888 13.997 94.95 85.00 Pass Pass 10.48

Pimephales promelas Survival 7 day 5.888 12.585 94.95 64.18 Fail Pass 32.41

Pimephales promelas Survival 7 day 5.888 6.575 94.95 94.38 Pass Pass 0.61

Pimephales promelas Survival 7 day 5.888 5.888 94.95 94.95 Pass Pass 0.00

Selenastrum capricornutum Growth 96 hours 20000.000 159478.316 2010000.00 5003333.33 Pass Pass -148.92

Selenastrum capricornutum Growth 96 hours 20000.000 11547.005 2010000.00 1736666.67 Pass Fail 13.60

Selenastrum capricornutum Growth 96 hours 20000.000 162890.556 2010000.00 4686666.67 Pass Pass -133.17

Selenastrum capricornutum Growth 96 hours 20000.000 880018.939 2010000.00 5473333.33 Pass Pass -172.31

Selenastrum capricornutum Growth 96 hours 20000.000 138924.440 2010000.00 3240000.00 Pass Pass -61.19

Ceriodaphnia dubia Reproduction 6-8 day 7.427 3.293 30.50 35.20 Pass Pass -15.41

Ceriodaphnia dubia Reproduction 6-8 day 7.427 6.547 30.50 32.11 Pass Pass -5.28

Ceriodaphnia dubia Reproduction 6-8 day 7.427 4.551 30.50 36.60 Pass Pass -20.00

Ceriodaphnia dubia Reproduction 6-8 day 7.427 4.012 30.50 33.10 Pass Pass -8.52

Ceriodaphnia dubia Reproduction 6-8 day 3.621 9.624 32.89 32.80 Pass Pass 0.27

Pimephales promelas Survival 7 day 5.000 14.506 97.50 75.85 Fail Fail 22.21

Pimephales promelas Survival 7 day 5.000 11.774 97.50 85.40 Pass Pass 12.41

Pimephales promelas Survival 7 day 5.000 9.574 97.50 82.50 Fail Fail 15.38

Pimephales promelas Survival 7 day 5.000 9.080 97.50 89.18 Pass Pass 8.54
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Pimephales promelas Survival 7 day 5.000 10.000 97.50 95.00 Pass Pass 2.56

Pimephales promelas Biomass 7 day 0.043 0.113 0.57 0.51 Pass Pass 11.79

Pimephales promelas Biomass 7 day 0.043 0.046 0.57 0.52 Pass Pass 9.61

Pimephales promelas Biomass 7 day 0.043 0.055 0.57 0.46 Pass Fail 20.52

Pimephales promelas Biomass 7 day 0.043 0.067 0.57 0.51 Pass Pass 11.79

Pimephales promelas Biomass 7 day 0.043 0.045 0.57 0.57 Pass Pass 0.44

Selenastrum capricornutum Growth 96 hours 40000.000 365011.415 1990000.00 5306666.67 Pass Pass -166.67

Selenastrum capricornutum Growth 96 hours 40000.000 52915.026 1990000.00 2520000.00 Pass Pass -26.63

Selenastrum capricornutum Growth 96 hours 40000.000 227229.693 1990000.00 4483333.33 Pass Pass -125.29

Selenastrum capricornutum Growth 96 hours 40000.000 254230.866 1990000.00 4893333.33 Pass Pass -145.90

Ceriodaphnia dubia Reproduction 6-8 day 4.566 6.220 32.20 36.22 Pass Pass -12.49

Ceriodaphnia dubia Reproduction 6-8 day 4.566 2.774 32.20 39.78 Pass Pass -23.53

Ceriodaphnia dubia Reproduction 6-8 day 4.566 4.264 32.20 39.80 Pass Pass -23.60

Ceriodaphnia dubia Reproduction 6-8 day 4.566 3.107 32.20 37.10 Pass Pass -15.22

Ceriodaphnia dubia Reproduction 6-8 day 4.993 7.483 29.60 32.00 Pass Pass -8.11

Pimephales promelas Survival 7 day 0.000 9.574 100.00 87.50 Fail Pass 12.50

Pimephales promelas Survival 7 day 0.000 5.550 100.00 97.23 Pass Pass 2.78

Pimephales promelas Survival 7 day 0.000 10.530 100.00 76.68 Fail Fail 23.33

Pimephales promelas Survival 7 day 0.000 9.299 100.00 82.23 Fail Fail 17.78

Pimephales promelas Survival 7 day 0.000 0.000 100.00 100.00 Pass Pass 0.00

Pimephales promelas Biomass 7 day 0.030 0.067 0.61 0.50 Pass Fail 18.78

Pimephales promelas Biomass 7 day 0.030 0.080 0.61 0.65 Pass Pass -5.71

Pimephales promelas Biomass 7 day 0.030 0.096 0.61 0.42 Fail Fail 31.02

Pimephales promelas Biomass 7 day 0.030 0.049 0.61 0.49 Pass Fail 20.41

Pimephales promelas Biomass 7 day 0.030 0.037 0.61 0.69 Pass Pass -11.84

Selenastrum capricornutum Growth 96 hours 30550.505 281602.557 1783333.33 4630000.00 Pass Pass -159.63

Selenastrum capricornutum Growth 96 hours 30550.505 30550.505 1783333.33 1313333.33 Fail Fail 26.36

Selenastrum capricornutum Growth 96 hours 30550.505 30550.505 1783333.33 3873333.33 Pass Pass -117.20

Selenastrum capricornutum Growth 96 hours 30550.505 105987.421 1783333.33 4273333.33 Pass Pass -139.63

Ceriodaphnia dubia Reproduction 6-8 day 3.645 3.438 32.20 23.60 Fail Fail 26.71
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Ceriodaphnia dubia Reproduction 6-8 day 3.645 9.989 32.20 30.44 Pass Pass 5.45

Ceriodaphnia dubia Reproduction 6-8 day 3.645 4.347 32.20 26.70 Pass Fail 17.08

Ceriodaphnia dubia Reproduction 6-8 day 3.645 2.312 32.20 24.70 Fail Fail 23.29

Pimephales promelas Survival 7 day 0.000 0.000 100.00 100.00 Pass Pass 0.00

Pimephales promelas Survival 7 day 0.000 14.724 100.00 87.95 Pass Pass 12.05

Pimephales promelas Survival 7 day 0.000 23.734 100.00 84.73 Fail Pass 15.28

Pimephales promelas Survival 7 day 0.000 5.774 100.00 95.00 Pass Pass 5.00

Pimephales promelas Survival 7 day 0.000 5.550 100.00 97.23 Pass Pass 2.78

Pimephales promelas Biomass 7 day 0.026 0.047 0.51 0.54 Pass Pass -6.44

Pimephales promelas Biomass 7 day 0.026 0.095 0.51 0.53 Pass Pass -3.96

Pimephales promelas Biomass 7 day 0.026 0.091 0.51 0.47 Pass Pass 7.43

Pimephales promelas Biomass 7 day 0.026 0.083 0.51 0.61 Pass Pass -20.30

Pimephales promelas Biomass 7 day 0.026 0.049 0.51 0.64 Pass Pass -26.24

Selenastrum capricornutum Growth 96 hours 34641.016 70237.692 1550000.00 3853333.33 Pass Pass -148.60

Selenastrum capricornutum Growth 96 hours 34641.016 106926.766 1550000.00 3973333.33 Pass Pass -156.34

Ceriodaphnia dubia Reproduction 6-8 day 3.866 3.814 19.50 32.10 Pass Pass -64.62

Ceriodaphnia dubia Reproduction 6-8 day 3.866 5.968 19.50 35.50 Pass Pass -82.05

Ceriodaphnia dubia Reproduction 6-8 day 3.866 0.000 19.50 0.00 Fail Fail 100.00

Ceriodaphnia dubia Reproduction 6-8 day 3.866 4.254 19.50 25.10 Pass Pass -28.72

Ceriodaphnia dubia Reproduction 6-8 day 3.866 11.040 19.50 31.10 Pass Pass -59.49

Ceriodaphnia dubia Reproduction 6-8 day 3.866 4.244 19.50 28.70 Pass Pass -47.18

Ceriodaphnia dubia Reproduction 6-8 day 3.866 5.673 19.50 27.20 Pass Pass -39.49

Ceriodaphnia dubia Reproduction 6-8 day 2.588 6.413 27.88 24.63 Pass Pass 11.66

Ceriodaphnia dubia Reproduction 6-8 day 2.588 8.352 27.88 14.67 Fail Fail 47.38

Ceriodaphnia dubia Reproduction 6-8 day 2.588 0.000 27.88 0.00 Fail Fail 100.00

Ceriodaphnia dubia Reproduction 6-8 day 2.588 9.207 27.88 23.44 Fail Pass 15.89

Ceriodaphnia dubia Reproduction 6-8 day 2.588 0.000 27.88 0.00 Fail Fail 100.00

Ceriodaphnia dubia Reproduction 6-8 day 2.588 0.000 27.88 0.00 Fail Fail 100.00

Ceriodaphnia dubia Reproduction 6-8 day 1.803 9.189 26.00 19.22 Fail Fail 26.07

Ceriodaphnia dubia Reproduction 6-8 day 1.803 2.121 26.00 25.00 Pass Pass 3.85
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Ceriodaphnia dubia Reproduction 6-8 day 1.803 1.922 26.00 6.78 Fail Fail 73.93

Ceriodaphnia dubia Reproduction 6-8 day 1.803 6.684 26.00 13.70 Fail Fail 47.31

Ceriodaphnia dubia Reproduction 6-8 day 1.803 0.000 26.00 0.00 Fail Fail 100.00

Ceriodaphnia dubia Reproduction 6-8 day 1.803 7.200 26.00 14.50 Fail Fail 44.23

Ceriodaphnia dubia Reproduction 6-8 day 1.803 5.878 26.00 13.63 Fail Fail 47.60

Ceriodaphnia dubia Reproduction 6-8 day 1.803 0.000 26.00 0.00 Fail Fail 100.00

Ceriodaphnia dubia Reproduction 6-8 day 4.264 4.029 29.80 29.30 Pass Pass 1.68

Ceriodaphnia dubia Reproduction 6-8 day 4.264 3.967 29.80 29.20 Pass Pass 2.01

Ceriodaphnia dubia Reproduction 6-8 day 4.264 4.158 29.80 28.20 Pass Pass 5.37

Ceriodaphnia dubia Reproduction 6-8 day 4.264 3.432 29.80 28.00 Pass Pass 6.04

Ceriodaphnia dubia Reproduction 6-8 day 4.264 4.547 29.80 28.30 Pass Pass 5.03

Ceriodaphnia dubia Reproduction 6-8 day 3.592 2.741 30.30 18.80 Fail Fail 37.95

Ceriodaphnia dubia Reproduction 6-8 day 3.592 2.530 30.30 31.80 Pass Pass -4.95

Ceriodaphnia dubia Reproduction 6-8 day 3.592 9.061 30.30 27.90 Pass Pass 7.92

Ceriodaphnia dubia Reproduction 6-8 day 3.592 6.451 30.30 30.50 Pass Pass -0.66

Ceriodaphnia dubia Reproduction 6-8 day 5.270 5.622 30.00 28.50 Pass Pass 5.00

Pimephales promelas Survival 7 day 5.000 12.910 97.50 85.00 Pass Pass 12.82

Pimephales promelas Survival 7 day 5.000 5.000 97.50 97.50 Pass Pass 0.00

Pimephales promelas Survival 7 day 5.000 9.574 97.50 92.50 Pass Pass 5.13

Pimephales promelas Survival 7 day 5.000 5.774 97.50 95.00 Pass Pass 2.56

Pimephales promelas Survival 7 day 5.000 5.000 97.50 97.50 Pass Pass 0.00

Pimephales promelas Survival 7 day 5.000 9.574 97.50 87.50 Pass Pass 10.26

Pimephales promelas Survival 7 day 5.000 5.774 97.50 95.00 Pass Pass 2.56

Pimephales promelas Survival 7 day 5.000 5.774 97.50 95.00 Pass Pass 2.56

Pimephales promelas Survival 7 day 5.000 14.142 97.50 90.00 Pass Pass 7.69

Pimephales promelas Survival 7 day 5.000 5.000 97.50 87.50 Pass Pass 10.26

Pimephales promelas Biomass 7 day 0.097 0.042 0.68 0.68 Pass Pass 0.26

Pimephales promelas Biomass 7 day 0.097 0.101 0.68 0.68 Pass Pass -0.22

Pimephales promelas Biomass 7 day 0.097 0.074 0.68 0.76 Pass Pass -11.65

Pimephales promelas Biomass 7 day 0.097 0.044 0.68 0.71 Pass Pass -5.05
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Pimephales promelas Biomass 7 day 0.097 0.061 0.68 0.73 Pass Pass -8.04

Pimephales promelas Biomass 7 day 0.097 0.079 0.68 0.59 Pass Pass 12.43

Pimephales promelas Biomass 7 day 0.097 0.116 0.68 0.59 Pass Pass 13.57

Pimephales promelas Biomass 7 day 0.097 0.030 0.68 0.63 Pass Pass 7.52

Pimephales promelas Biomass 7 day 0.097 0.058 0.68 0.62 Pass Pass 8.96

Pimephales promelas Biomass 7 day 0.097 0.017 0.68 0.67 Pass Pass 1.55

Selenastrum capricornutum Growth 96 hours 140464.305 582433.400 7534151.25 11759861.25 Pass Pass -56.09

Selenastrum capricornutum Growth 96 hours 140464.305 70338.164 7534151.25 10168533.75 Pass Pass -34.97

Selenastrum capricornutum Growth 96 hours 140464.305 349651.028 7534151.25 6691683.75 Pass Fail 11.18

Selenastrum capricornutum Growth 96 hours 140464.305 349651.028 7534151.25 10275513.75 Pass Pass -36.39

Selenastrum capricornutum Growth 96 hours 140464.305 442439.154 7534151.25 8423422.50 Pass Pass -11.80

Selenastrum capricornutum Growth 96 hours 140464.305 468864.591 7534151.25 6992565.00 Pass Fail 7.19

Selenastrum capricornutum Growth 96 hours 140464.305 367358.582 7534151.25 8597265.00 Pass Pass -14.11

Selenastrum capricornutum Growth 96 hours 140464.305 288466.037 7534151.25 10402552.50 Pass Pass -38.07

Selenastrum capricornutum Growth 96 hours 140464.305 1349143.212 7534151.25 8891460.00 Pass Pass -18.02

Selenastrum capricornutum Growth 96 hours 140464.305 243168.780 7534151.25 10068240.00 Pass Pass -33.63

Ceriodaphnia dubia Reproduction 6-8 day 7.319 4.917 18.30 23.80 Pass Pass -30.05

Ceriodaphnia dubia Reproduction 6-8 day 7.319 6.852 18.30 22.50 Pass Pass -22.95

Ceriodaphnia dubia Reproduction 6-8 day 7.319 5.607 18.30 23.90 Pass Pass -30.60

Ceriodaphnia dubia Reproduction 6-8 day 7.838 4.690 22.90 19.67 Pass Pass 14.12

Ceriodaphnia dubia Reproduction 6-8 day 7.838 6.567 22.90 23.30 Pass Pass -1.75

Ceriodaphnia dubia Reproduction 6-8 day 7.838 7.752 22.90 24.10 Pass Pass -5.24

Ceriodaphnia dubia Reproduction 6-8 day 7.838 6.052 22.90 25.80 Pass Pass -12.66

Ceriodaphnia dubia Reproduction 6-8 day 7.838 8.858 22.90 23.30 Pass Pass -1.75

Ceriodaphnia dubia Reproduction 6-8 day 7.165 6.750 21.00 26.70 Pass Pass -27.14

Ceriodaphnia dubia Reproduction 6-8 day 7.165 7.752 21.00 29.10 Pass Pass -38.57

Ceriodaphnia dubia Reproduction 6-8 day 7.165 5.446 21.00 29.10 Pass Pass -38.57

Ceriodaphnia dubia Reproduction 6-8 day 7.165 5.908 21.00 25.70 Pass Pass -22.38

Ceriodaphnia dubia Reproduction 6-8 day 7.165 7.336 21.00 25.40 Pass Pass -20.95

Pimephales promelas Survival 7 day 18.930 5.000 87.50 97.50 Pass Pass -11.43
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Pimephales promelas Survival 7 day 18.930 5.774 87.50 95.00 Pass Pass -8.57

Pimephales promelas Survival 7 day 18.930 25.000 87.50 87.50 Pass Pass 0.00

Pimephales promelas Survival 7 day 18.930 9.574 87.50 82.50 Pass Pass 5.71

Pimephales promelas Survival 7 day 18.930 11.547 87.50 90.00 Pass Pass -2.86

Pimephales promelas Survival 7 day 18.930 23.805 87.50 85.00 Pass Pass 2.86

Pimephales promelas Survival 7 day 18.930 9.574 87.50 82.50 Pass Pass 5.71

Pimephales promelas Biomass 7 day 0.108 0.038 0.82 0.82 Pass Pass -0.69

Pimephales promelas Biomass 7 day 0.108 0.068 0.82 0.87 Pass Pass -6.35

Pimephales promelas Biomass 7 day 0.108 0.223 0.82 0.88 Pass Pass -7.24

Pimephales promelas Biomass 7 day 0.108 0.120 0.82 0.97 Pass Pass -18.72

Pimephales promelas Biomass 7 day 0.108 0.076 0.82 0.95 Pass Pass -16.31

Pimephales promelas Biomass 7 day 0.108 0.091 0.82 0.89 Pass Pass -8.72

Pimephales promelas Biomass 7 day 0.108 0.186 0.82 0.94 Pass Pass -15.09

Pimephales promelas Survival 7 day 5.000 5.000 97.50 97.50 Pass Pass 0.00

Pimephales promelas Survival 7 day 5.000 5.000 97.50 97.50 Pass Pass 0.00

Pimephales promelas Survival 7 day 5.000 5.774 97.50 95.00 Pass Pass 2.56

Pimephales promelas Survival 7 day 5.000 5.000 97.50 97.50 Pass Pass 0.00

Pimephales promelas Survival 7 day 5.000 5.000 97.50 97.50 Pass Pass 0.00

Pimephales promelas Survival 7 day 5.000 5.774 97.50 95.00 Pass Pass 2.56

Pimephales promelas Biomass 7 day 0.156 0.049 0.83 1.00 Pass Pass -20.87

Pimephales promelas Biomass 7 day 0.156 0.118 0.83 0.99 Pass Pass -19.07

Pimephales promelas Biomass 7 day 0.156 0.120 0.83 0.82 Pass Pass 1.50

Pimephales promelas Biomass 7 day 0.156 0.020 0.83 0.89 Pass Pass -6.87

Pimephales promelas Biomass 7 day 0.156 0.077 0.83 0.94 Pass Pass -13.13

Pimephales promelas Biomass 7 day 0.156 0.154 0.83 1.04 Pass Pass -25.06

Selenastrum capricornutum Growth 96 hours 116153.634 285000.000 5937500.00 6362500.00 Pass Pass -7.16

Selenastrum capricornutum Growth 96 hours 116153.634 492510.575 5937500.00 6605000.00 Pass Pass -11.24

Selenastrum capricornutum Growth 96 hours 116153.634 850450.861 5937500.00 9240000.00 Pass Pass -55.62

Selenastrum capricornutum Growth 96 hours 116153.634 236273.147 5937500.00 7017500.00 Pass Pass -18.19

Selenastrum capricornutum Growth 96 hours 116153.634 614132.179 5937500.00 2627500.00 Fail Fail 55.75
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Selenastrum capricornutum Growth 96 hours 116153.634 265455.583 5937500.00 7300000.00 Pass Pass -22.95

Selenastrum capricornutum Growth 96 hours 116153.634 605364.904 5937500.00 6370000.00 Pass Pass -7.28

Selenastrum capricornutum Growth 96 hours 116153.634 122746.351 5937500.00 7240000.00 Pass Pass -21.94

Selenastrum capricornutum Growth 96 hours 116153.634 139134.228 5937500.00 7087500.00 Pass Pass -19.37

Selenastrum capricornutum Growth 96 hours 116153.634 551543.289 5937500.00 5790000.00 Pass Pass 2.48

Selenastrum capricornutum Growth 96 hours 116153.634 485274.836 5937500.00 6337500.00 Pass Pass -6.74

Selenastrum capricornutum Growth 96 hours 116153.634 773692.445 5937500.00 6880000.00 Pass Pass -15.87

Selenastrum capricornutum Growth 96 hours 116153.634 193563.082 5937500.00 6670000.00 Pass Pass -12.34

Ceriodaphnia dubia Reproduction 6-8 day 6.395 9.673 31.70 32.70 Pass Pass -3.15

Ceriodaphnia dubia Reproduction 6-8 day 6.395 14.728 31.70 32.70 Pass Pass -3.15

Ceriodaphnia dubia Reproduction 6-8 day 6.395 8.179 31.70 28.70 Pass Pass 9.46

Ceriodaphnia dubia Reproduction 6-8 day 6.395 7.818 31.70 35.30 Pass Pass -11.36

Ceriodaphnia dubia Reproduction 6-8 day 6.395 11.047 31.70 29.60 Pass Pass 6.62

Ceriodaphnia dubia Reproduction 6-8 day 4.326 5.568 32.40 32.33 Pass Pass 0.21

Ceriodaphnia dubia Reproduction 6-8 day 4.326 10.464 32.40 29.00 Pass Pass 10.49

Ceriodaphnia dubia Reproduction 6-8 day 4.326 6.415 32.40 30.60 Pass Pass 5.56

Ceriodaphnia dubia Reproduction 6-8 day 4.326 12.412 32.40 22.50 Fail Fail 30.56

Ceriodaphnia dubia Reproduction 6-8 day 4.326 8.617 32.40 31.00 Pass Pass 4.32

Ceriodaphnia dubia Reproduction 6-8 day 8.736 7.230 32.90 33.44 Pass Pass -1.65

Ceriodaphnia dubia Reproduction 6-8 day 8.736 13.415 32.90 31.80 Pass Pass 3.34

Ceriodaphnia dubia Reproduction 6-8 day 8.736 14.253 32.90 30.40 Pass Pass 7.60

Pimephales promelas Survival 7 day 0.000 5.774 100.00 95.00 Pass Pass 5.00

Pimephales promelas Survival 7 day 0.000 5.774 100.00 95.00 Pass Pass 5.00

Pimephales promelas Survival 7 day 0.000 5.774 100.00 95.00 Pass Pass 5.00

Pimephales promelas Survival 7 day 0.000 5.000 100.00 97.50 Pass Pass 2.50

Pimephales promelas Survival 7 day 0.000 5.774 100.00 95.00 Pass Pass 5.00

Pimephales promelas Survival 7 day 0.000 5.000 100.00 97.50 Pass Pass 2.50

Pimephales promelas Survival 7 day 0.000 5.774 100.00 95.00 Pass Pass 5.00

Pimephales promelas Survival 7 day 0.000 17.078 100.00 82.50 Fail Pass 17.50

Pimephales promelas Survival 7 day 0.000 5.774 100.00 95.00 Pass Pass 5.00
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Pimephales promelas Survival 7 day 0.000 5.774 100.00 95.00 Pass Pass 5.00

Pimephales promelas Survival 7 day 0.000 0.000 100.00 100.00 Pass Pass 0.00

Pimephales promelas Survival 7 day 0.000 15.000 100.00 92.50 Pass Pass 7.50

Pimephales promelas Survival 7 day 0.000 5.774 100.00 95.00 Pass Pass 5.00

Pimephales promelas Biomass 7 day 0.067 0.054 0.91 0.88 Pass Pass 3.86

Pimephales promelas Biomass 7 day 0.067 0.063 0.91 0.80 Pass Fail 12.71

Pimephales promelas Biomass 7 day 0.067 0.063 0.91 0.88 Pass Pass 4.00

Pimephales promelas Biomass 7 day 0.067 0.036 0.91 0.92 Pass Pass -0.96

Pimephales promelas Biomass 7 day 0.067 0.065 0.91 0.91 Pass Pass -0.05

Pimephales promelas Biomass 7 day 0.067 0.120 0.91 0.79 Pass Pass 13.64

Pimephales promelas Biomass 7 day 0.067 0.066 0.91 0.84 Pass Pass 8.16

Pimephales promelas Biomass 7 day 0.067 0.132 0.91 0.68 Fail Fail 25.39

Pimephales promelas Biomass 7 day 0.067 0.051 0.91 0.83 Pass Fail 9.37

Pimephales promelas Biomass 7 day 0.067 0.096 0.91 0.85 Pass Pass 6.35

Pimephales promelas Biomass 7 day 0.067 0.057 0.91 0.92 Pass Pass -0.47

Pimephales promelas Biomass 7 day 0.067 0.226 0.91 0.92 Pass Pass -0.47

Pimephales promelas Biomass 7 day 0.067 0.077 0.91 0.95 Pass Pass -3.53

Selenastrum capricornutum Growth 96 hours 703822.894 458284.846 5605000.00 5817500.00 Pass Pass -3.79

Selenastrum capricornutum Growth 96 hours 703822.894 262424.592 5605000.00 5630000.00 Pass Pass -0.45

Selenastrum capricornutum Growth 96 hours 703822.894 377403.409 5605000.00 5395000.00 Pass Pass 3.75

Selenastrum capricornutum Growth 96 hours 703822.894 959322.678 5605000.00 5705000.00 Pass Pass -1.78

Selenastrum capricornutum Growth 96 hours 703822.894 691248.870 5605000.00 5282500.00 Pass Pass 5.75

Selenastrum capricornutum Growth 96 hours 703822.894 766610.505 5605000.00 5932500.00 Pass Pass -5.84

Selenastrum capricornutum Growth 96 hours 703822.894 575579.418 5605000.00 6127500.00 Pass Pass -9.32

Selenastrum capricornutum Growth 96 hours 703822.894 971815.312 5605000.00 5382500.00 Pass Pass 3.97

Selenastrum capricornutum Growth 96 hours 703822.894 314682.380 5605000.00 5497500.00 Pass Pass 1.92

Selenastrum capricornutum Growth 96 hours 703822.894 431161.223 5605000.00 5885000.00 Pass Pass -5.00

Selenastrum capricornutum Growth 96 hours 703822.894 667058.218 5605000.00 5865000.00 Pass Pass -4.64

Selenastrum capricornutum Growth 96 hours 703822.894 670292.225 5605000.00 6277500.00 Pass Pass -12.00

Selenastrum capricornutum Growth 96 hours 703822.894 985985.125 5605000.00 5655000.00 Pass Pass -0.89
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Fail
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Fail
Mean % Effect at
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Ceriodaphnia dubia Reproduction 6-8 day 5.978 6.516 14.20 14.70 Pass Pass -3.52

Ceriodaphnia dubia Reproduction 6-8 day 5.978 6.154 14.20 16.90 Pass Pass -19.01

Ceriodaphnia dubia Reproduction 6-8 day 5.978 4.473 14.20 15.30 Pass Pass -7.75

Pimephales promelas Survival 7 day 10.000 5.774 95.00 95.00 Pass Pass 0.00

Pimephales promelas Survival 7 day 10.000 5.774 95.00 95.00 Pass Pass 0.00

Pimephales promelas Survival 7 day 10.000 5.774 95.00 95.00 Pass Pass 0.00

Pimephales promelas Biomass 7 day 0.021 0.030 0.30 0.34 Pass Pass -10.38

Pimephales promelas Biomass 7 day 0.021 0.024 0.30 0.32 Pass Pass -5.02

Pimephales promelas Biomass 7 day 0.021 0.055 0.30 0.29 Pass Pass 2.88

Selenastrum capricornutum Growth 96 hours 83727.236 80415.587 1042750.00 1690000.00 Pass Pass -62.07

Selenastrum capricornutum Growth 96 hours 83727.236 24494.897 1042750.00 1050000.00 Pass Pass -0.70

Selenastrum capricornutum Growth 96 hours 83727.236 54853.593 1042750.00 674250.00 Fail Fail 35.34

Ceriodaphnia dubia Reproduction 6-8 day 8.144 8.359 23.10 23.90 Pass Pass -3.46

Ceriodaphnia dubia Reproduction 6-8 day 8.144 3.399 23.10 37.00 Pass Pass -60.17

Ceriodaphnia dubia Reproduction 6-8 day 10.688 2.946 23.30 13.30 Fail Fail 42.92

Ceriodaphnia dubia Reproduction 6-8 day 10.688 9.934 23.30 26.70 Pass Pass -14.59

Ceriodaphnia dubia Reproduction 6-8 day 10.688 8.377 23.30 25.80 Pass Pass -10.73

Ceriodaphnia dubia Reproduction 6-8 day 10.688 0.000 23.30 0.00 Fail Fail 100.00

Ceriodaphnia dubia Reproduction 6-8 day 10.688 0.000 23.30 0.00 Fail Fail 100.00

Ceriodaphnia dubia Reproduction 6-8 day 5.817 0.000 21.50 0.00 Fail Fail 100.00

Ceriodaphnia dubia Reproduction 6-8 day 5.817 4.790 21.50 26.50 Pass Pass -23.26

Ceriodaphnia dubia Reproduction 6-8 day 5.817 2.121 21.50 4.50 Fail Fail 79.07

Ceriodaphnia dubia Reproduction 6-8 day 5.817 0.000 21.50 0.00 Fail Fail 100.00

Ceriodaphnia dubia Reproduction 6-8 day 5.719 2.877 20.40 26.50 Pass Pass -29.90

Ceriodaphnia dubia Reproduction 6-8 day 5.719 7.409 20.40 14.30 Fail Fail 29.90

Ceriodaphnia dubia Reproduction 6-8 day 7.903 12.867 17.30 28.70 Pass Pass -65.90

Ceriodaphnia dubia Reproduction 6-8 day 7.903 0.000 17.30 0.00 Fail Fail 100.00

Ceriodaphnia dubia Reproduction 6-8 day 7.903 8.602 17.30 15.00 Fail Pass 13.29

Ceriodaphnia dubia Reproduction 6-8 day 3.348 0.632 20.10 0.20 Fail Fail 99.00

Ceriodaphnia dubia Reproduction 6-8 day 7.044 3.894 15.50 2.50 Fail Fail 83.87
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Fail
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Ceriodaphnia dubia Reproduction 6-8 day 7.044 4.709 15.50 22.80 Pass Pass -47.10

Ceriodaphnia dubia Reproduction 6-8 day 7.044 6.125 15.50 18.80 Pass Pass -21.29

Ceriodaphnia dubia Reproduction 6-8 day 7.044 9.077 15.50 28.80 Pass Pass -85.81

Ceriodaphnia dubia Reproduction 6-8 day 7.044 10.111 15.50 12.00 Fail Pass 22.58

Pimephales promelas Survival 7 day 0.000 0.000 100.00 100.00 Pass Pass 0.00

Pimephales promelas Survival 7 day 0.000 0.000 100.00 100.00 Pass Pass 0.00

Pimephales promelas Survival 7 day 0.000 0.000 100.00 100.00 Pass Pass 0.00

Pimephales promelas Biomass 7 day 0.056 0.021 0.70 0.86 Pass Pass -23.42

Pimephales promelas Biomass 7 day 0.056 0.052 0.70 0.94 Pass Pass -34.89

Pimephales promelas Biomass 7 day 0.056 0.019 0.70 0.86 Pass Pass -22.78

Pimephales promelas Survival 7 day 0.000 0.000 100.00 100.00 Pass Pass 0.00

Pimephales promelas Survival 7 day 0.000 5.774 100.00 95.00 Pass Pass 5.00

Pimephales promelas Survival 7 day 0.000 5.550 100.00 97.23 Pass Pass 2.78

Pimephales promelas Survival 7 day 0.000 5.550 100.00 97.23 Pass Pass 2.78

Pimephales promelas Survival 7 day 0.000 0.000 100.00 0.00 Fail Fail 100.00

Pimephales promelas Biomass 7 day 0.023 0.057 0.67 0.72 Pass Pass -7.09

Pimephales promelas Biomass 7 day 0.023 0.053 0.67 0.63 Pass Pass 5.79

Pimephales promelas Biomass 7 day 0.023 0.051 0.67 0.78 Pass Pass -15.18

Pimephales promelas Biomass 7 day 0.023 0.044 0.67 0.67 Pass Pass 0.78

Pimephales promelas Biomass 7 day 0.023 0.000 0.67 0.00 Fail Fail 100.00

Pimephales promelas Survival 7 day 0.000 5.000 100.00 97.50 Pass Pass 2.50

Pimephales promelas Survival 7 day 0.000 0.000 100.00 100.00 Pass Pass 0.00

Pimephales promelas Survival 7 day 0.000 5.000 100.00 97.50 Pass Pass 2.50

Pimephales promelas Survival 7 day 0.000 0.000 100.00 100.00 Pass Pass 0.00

Pimephales promelas Biomass 7 day 0.101 0.029 0.64 0.89 Pass Pass -38.93

Pimephales promelas Biomass 7 day 0.101 0.048 0.64 0.91 Pass Pass -41.39

Pimephales promelas Biomass 7 day 0.101 0.063 0.64 0.84 Pass Pass -30.36

Pimephales promelas Biomass 7 day 0.101 0.073 0.64 0.74 Pass Pass -15.16

Pimephales promelas Survival 7 day 0.000 0.000 100.00 100.00 Pass Pass 0.00

Pimephales promelas Survival 7 day 0.000 0.000 100.00 100.00 Pass Pass 0.00



TST Test Drive 12/13/2011

177

Test Species Endpoint Duration Control SD Sample SD Control Mean Sample Mean
TST Pass or
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Fail
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Pimephales promelas Biomass 7 day 0.021 0.029 0.37 0.46 Pass Pass -23.72

Pimephales promelas Biomass 7 day 0.021 0.016 0.37 0.41 Pass Pass -9.57

Pimephales promelas Survival 7 day 5.000 0.000 97.50 100.00 Pass Pass -2.56

Pimephales promelas Survival 7 day 5.000 0.000 97.50 0.00 Fail Fail 100.00

Pimephales promelas Survival 7 day 5.000 0.000 97.50 100.00 Pass Pass -2.56

Pimephales promelas Biomass 7 day 0.039 0.015 0.41 0.51 Pass Pass -24.51

Pimephales promelas Biomass 7 day 0.039 0.000 0.41 0.00 Fail Fail 100.00

Pimephales promelas Biomass 7 day 0.039 0.021 0.41 0.48 Pass Pass -18.00

Pimephales promelas Survival 7 day 5.000 0.000 97.50 100.00 Pass Pass -2.56

Pimephales promelas Biomass 7 day 0.042 0.030 0.39 0.44 Pass Pass -12.93

Selenastrum capricornutum Growth 96 hours 251133.895 112750.595 2959400.00 1684850.00 Fail Fail 43.07

Selenastrum capricornutum Growth 96 hours 251133.895 348789.449 2959400.00 2017600.00 Fail Fail 31.82

Selenastrum capricornutum Growth 96 hours 253243.037 302079.509 3451025.00 2184250.00 Fail Fail 36.71

Selenastrum capricornutum Growth 96 hours 253243.037 382979.924 3451025.00 3646075.00 Pass Pass -5.65

Selenastrum capricornutum Growth 96 hours 253243.037 251749.537 3451025.00 3663825.00 Pass Pass -6.17

Selenastrum capricornutum Growth 96 hours 253243.037 129917.240 3451025.00 1943725.00 Fail Fail 43.68

Selenastrum capricornutum Growth 96 hours 253243.037 32213.556 3451025.00 427587.50 Fail Fail 87.61

Selenastrum capricornutum Growth 96 hours 313063.491 189165.492 3276375.00 1763450.00 Fail Fail 46.18

Selenastrum capricornutum Growth 96 hours 116187.047 161590.932 3095750.00 2058975.00 Fail Fail 33.49

Selenastrum capricornutum Growth 96 hours 289504.005 766460.525 3214475.00 2039950.00 Fail Fail 36.54

Selenastrum capricornutum Growth 96 hours 289504.005 216411.620 3214475.00 3440725.00 Pass Pass -7.04

Ceriodaphnia dubia Reproduction 6-8 day 9.778 0.000 23.40 0.00 Fail Fail 100.00

Ceriodaphnia dubia Reproduction 6-8 day 9.778 4.725 23.40 25.10 Pass Pass -7.26

Ceriodaphnia dubia Reproduction 6-8 day 9.778 6.852 23.40 22.50 Pass Pass 3.85

Ceriodaphnia dubia Reproduction 6-8 day 9.778 5.598 23.40 21.00 Pass Pass 10.26

Ceriodaphnia dubia Reproduction 6-8 day 10.028 0.000 17.38 0.00 Fail Fail 100.00

Ceriodaphnia dubia Reproduction 6-8 day 10.028 4.595 17.38 42.00 Pass Pass -141.73

Ceriodaphnia dubia Reproduction 6-8 day 10.028 9.407 17.38 24.50 Pass Pass -41.01

Ceriodaphnia dubia Reproduction 6-8 day 10.028 6.273 17.38 24.30 Pass Pass -39.86

Ceriodaphnia dubia Reproduction 6-8 day 12.358 0.000 27.60 0.00 Fail Fail 100.00
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Ceriodaphnia dubia Reproduction 6-8 day 12.358 11.306 27.60 28.40 Pass Pass -2.90

Ceriodaphnia dubia Reproduction 6-8 day 12.358 13.892 27.60 23.10 Fail Pass 16.30

Ceriodaphnia dubia Reproduction 6-8 day 12.358 12.903 27.60 32.50 Pass Pass -17.75

Ceriodaphnia dubia Reproduction 6-8 day 6.023 3.853 24.56 22.80 Pass Pass 7.15

Ceriodaphnia dubia Reproduction 6-8 day 6.023 5.165 24.56 22.30 Pass Pass 9.19

Ceriodaphnia dubia Reproduction 6-8 day 6.023 6.647 24.56 13.20 Fail Fail 46.24

Ceriodaphnia dubia Reproduction 6-8 day 9.520 0.000 25.80 0.00 Fail Fail 100.00

Ceriodaphnia dubia Reproduction 6-8 day 9.520 10.379 25.80 26.20 Pass Pass -1.55

Ceriodaphnia dubia Reproduction 6-8 day 9.520 7.843 25.80 27.20 Pass Pass -5.43

Ceriodaphnia dubia Reproduction 6-8 day 9.520 12.202 25.80 23.70 Pass Fail 8.14

Ceriodaphnia dubia Reproduction 6-8 day 9.520 6.064 25.80 31.10 Pass Pass -20.54

Ceriodaphnia dubia Reproduction 6-8 day 9.520 1.509 25.80 30.50 Pass Pass -18.22

Ceriodaphnia dubia Reproduction 6-8 day 4.442 2.710 29.20 29.30 Pass Pass -0.34

Ceriodaphnia dubia Reproduction 6-8 day 4.442 4.619 29.20 33.00 Pass Pass -13.01

Ceriodaphnia dubia Reproduction 6-8 day 4.442 10.060 29.20 26.90 Pass Pass 7.88

Ceriodaphnia dubia Reproduction 6-8 day 4.442 4.944 29.20 30.00 Pass Pass -2.74

Ceriodaphnia dubia Reproduction 6-8 day 4.442 6.964 29.20 28.50 Pass Pass 2.40

Ceriodaphnia dubia Reproduction 6-8 day 4.442 3.546 29.20 30.29 Pass Pass -3.72

Ceriodaphnia dubia Reproduction 6-8 day 4.442 5.607 29.20 26.90 Pass Pass 7.88

Ceriodaphnia dubia Reproduction 6-8 day 4.442 6.423 29.20 32.00 Pass Pass -9.59

Ceriodaphnia dubia Reproduction 6-8 day 4.442 7.836 29.20 21.63 Fail Fail 25.94

Ceriodaphnia dubia Reproduction 6-8 day 4.442 10.912 29.20 29.20 Pass Pass 0.00

Ceriodaphnia dubia Reproduction 6-8 day 4.442 12.538 29.20 31.10 Pass Pass -6.51

Ceriodaphnia dubia Reproduction 6-8 day 4.442 5.626 29.20 27.90 Pass Pass 4.45

Ceriodaphnia dubia Reproduction 6-8 day 9.255 5.017 22.90 25.50 Pass Pass -11.35

Ceriodaphnia dubia Reproduction 6-8 day 9.255 3.909 22.90 31.44 Pass Pass -37.31

Ceriodaphnia dubia Reproduction 6-8 day 9.255 5.355 22.90 25.70 Pass Pass -12.23

Ceriodaphnia dubia Reproduction 6-8 day 9.255 7.248 22.90 25.56 Pass Pass -11.60

Ceriodaphnia dubia Reproduction 6-8 day 9.255 10.758 22.90 26.80 Pass Pass -17.03

Ceriodaphnia dubia Reproduction 6-8 day 9.255 8.613 22.90 17.80 Fail Pass 22.27
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Ceriodaphnia dubia Reproduction 6-8 day 9.207 2.291 27.90 23.00 Pass Pass 17.56

Ceriodaphnia dubia Reproduction 6-8 day 9.207 3.795 27.90 28.80 Pass Pass -3.23

Ceriodaphnia dubia Reproduction 6-8 day 9.207 5.466 27.90 30.10 Pass Pass -7.89

Ceriodaphnia dubia Reproduction 6-8 day 9.207 4.577 27.90 29.50 Pass Pass -5.73

Ceriodaphnia dubia Reproduction 6-8 day 9.207 4.835 27.90 20.60 Fail Fail 26.16

Ceriodaphnia dubia Reproduction 6-8 day 9.207 4.243 27.90 32.00 Pass Pass -14.70

Ceriodaphnia dubia Reproduction 6-8 day 9.207 5.131 27.90 22.10 Fail Fail 20.79

Ceriodaphnia dubia Reproduction 6-8 day 9.207 2.646 27.90 29.67 Pass Pass -6.33

Ceriodaphnia dubia Reproduction 6-8 day 9.207 2.807 27.90 31.10 Pass Pass -11.47

Ceriodaphnia dubia Reproduction 6-8 day 9.207 4.333 27.90 34.56 Pass Pass -23.86

Ceriodaphnia dubia Reproduction 6-8 day 9.207 7.982 27.90 27.00 Pass Pass 3.23

Ceriodaphnia dubia Reproduction 6-8 day 8.683 10.761 15.50 23.30 Pass Pass -50.32

Ceriodaphnia dubia Reproduction 6-8 day 8.683 8.409 15.50 22.60 Pass Pass -45.81

Ceriodaphnia dubia Reproduction 6-8 day 8.683 10.895 15.50 15.78 Pass Pass -1.79

Ceriodaphnia dubia Reproduction 6-8 day 8.683 10.920 15.50 20.33 Pass Pass -31.18

Ceriodaphnia dubia Reproduction 6-8 day 8.683 9.250 15.50 22.70 Pass Pass -46.45

Ceriodaphnia dubia Reproduction 6-8 day 9.228 11.263 14.60 42.20 Pass Pass -189.04

Ceriodaphnia dubia Reproduction 6-8 day 9.228 21.515 14.60 31.00 Pass Pass -112.33

Ceriodaphnia dubia Reproduction 6-8 day 9.228 10.461 14.60 40.90 Pass Pass -180.14

Ceriodaphnia dubia Reproduction 6-8 day 9.228 15.050 14.60 38.50 Pass Pass -163.70

Ceriodaphnia dubia Reproduction 6-8 day 9.228 13.083 14.60 28.50 Pass Pass -95.21

Ceriodaphnia dubia Reproduction 6-8 day 9.228 12.084 14.60 44.70 Pass Pass -206.16

Ceriodaphnia dubia Reproduction 6-8 day 5.685 0.000 31.90 0.00 Fail Fail 100.00

Ceriodaphnia dubia Reproduction 6-8 day 5.685 14.492 31.90 35.70 Pass Pass -11.91

Ceriodaphnia dubia Reproduction 6-8 day 5.685 13.068 31.90 33.10 Pass Pass -3.76

Ceriodaphnia dubia Reproduction 6-8 day 5.685 7.792 31.90 32.40 Pass Pass -1.57

Ceriodaphnia dubia Reproduction 6-8 day 5.685 6.835 31.90 38.50 Pass Pass -20.69

Ceriodaphnia dubia Reproduction 6-8 day 5.685 14.843 31.90 25.90 Fail Pass 18.81

Ceriodaphnia dubia Reproduction 6-8 day 10.585 11.855 28.60 37.10 Pass Pass -29.72

Ceriodaphnia dubia Reproduction 6-8 day 10.585 6.553 28.60 28.50 Pass Pass 0.35
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Ceriodaphnia dubia Reproduction 6-8 day 10.585 10.863 28.60 29.30 Pass Pass -2.45

Ceriodaphnia dubia Reproduction 6-8 day 10.585 6.550 28.60 40.70 Pass Pass -42.31

Ceriodaphnia dubia Reproduction 6-8 day 10.585 5.012 28.60 16.70 Fail Fail 41.61

Ceriodaphnia dubia Reproduction 6-8 day 11.010 0.000 35.10 0.00 Fail Fail 100.00

Ceriodaphnia dubia Reproduction 6-8 day 11.010 0.000 35.10 0.00 Fail Fail 100.00

Ceriodaphnia dubia Reproduction 6-8 day 11.010 0.000 35.10 0.00 Fail Fail 100.00

Ceriodaphnia dubia Reproduction 6-8 day 11.010 13.198 35.10 17.80 Fail Fail 49.29

Ceriodaphnia dubia Reproduction 6-8 day 11.010 3.120 35.10 5.80 Fail Fail 83.48

Ceriodaphnia dubia Reproduction 6-8 day 11.010 0.000 35.10 0.00 Fail Fail 100.00

Ceriodaphnia dubia Reproduction 6-8 day 11.010 9.009 35.10 32.50 Pass Pass 7.41

Ceriodaphnia dubia Reproduction 6-8 day 9.889 4.547 26.70 23.70 Pass Fail 11.24

Ceriodaphnia dubia Reproduction 6-8 day 9.889 12.419 26.70 22.70 Fail Pass 14.98

Ceriodaphnia dubia Reproduction 6-8 day 9.889 5.774 26.70 25.30 Pass Pass 5.24

Ceriodaphnia dubia Reproduction 6-8 day 9.889 7.424 26.70 20.00 Fail Fail 25.09

Ceriodaphnia dubia Reproduction 6-8 day 9.889 4.295 26.70 27.00 Pass Pass -1.12

Ceriodaphnia dubia Reproduction 6-8 day 9.889 13.034 26.70 24.10 Fail Pass 9.74

Ceriodaphnia dubia Reproduction 6-8 day 9.889 5.358 26.70 30.40 Pass Pass -13.86

Ceriodaphnia dubia Reproduction 6-8 day 9.889 9.934 26.70 27.30 Pass Pass -2.25

Ceriodaphnia dubia Reproduction 6-8 day 9.416 7.937 27.00 25.10 Pass Pass 7.04

Ceriodaphnia dubia Reproduction 6-8 day 9.416 7.218 27.00 12.90 Fail Fail 52.22

Ceriodaphnia dubia Reproduction 6-8 day 9.416 9.141 27.00 20.70 Fail Pass 23.33
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Draft Toxicity Amendment to the 
Water Quality Control Plan for Enclosed Bays and Estuaries of California 

 
In July 2012, State Water Board staff released a public draft of the Policy for Toxicity Assessment and Control 
(Policy).  State Water Board staff has recast the Policy as an amendment to the Water Quality Control Plan for 
Enclosed Bays and Estuaries of California (toxicity amendment).  The toxicity amendment would expand the 
regulatory scope of the Water Quality Control Plan for Enclosed Bays and Estuaries of California (Plan) to 
include inland surface waters.  The title of the Plan would be changed to “Water Quality Control Plan for Inland 
Surface Waters, Enclosed Bays, and Estuaries of California.”  Incorporating the proposed toxicity amendment 
into the Plan would supersede conflicting Regional Water Quality Control Plan (Basin Plan) requirements 
without the need for individual Basin Plan amendments. 
 

Revision Summary 
 

Staff is proposing the following changes from the July 2012 public release: 
 
1. Clarified mixing zone applicability.  The definition of “instream waste concentration” was revised to 

clarify that mixing zones should be applied in a manner determined by the applicable Regional Water 
Board. 

2. Clarified how the toxicity provisions interact with existing Basin Plans.  New language states that the 
toxicity provisions would not supersede Total Maximum Daily Loads adopted prior to the effective date of 
the toxicity amendment. 

3. Increased the discharge threshold from one to five million gallons per day (MGD).  Publicly owned 
treatment works (POTWs) authorized to discharge five MGD or more would be required to have numeric 
effluent limits and conduct monthly chronic toxicity monitoring.  Industrial wastewater dischargers 
authorized to discharge five MGD or more would be required to conduct a chronic toxicity Reasonable 
Potential (RP) analysis and would receive effluent limits and a monthly monitoring schedule if RP is 
demonstrated.  POTWs and industrial wastewater dischargers that are authorized to discharge less than 
five MGD would be required to conduct a chronic toxicity RP analysis and would receive effluent limits and 
a quarterly monitoring schedule if RP is demonstrated. 

4. Changed calendar month requirement.  The applicable Regional Water Board would define when a 
calendar month begins and ends for each individual discharger. 

5. Extended time for Toxicity Reduction Evaluations (TRE).  The six-month time period for completing a 
TRE would start upon initiation of the TRE instead of from the date of the violation.  In addition, language 
has been clarified so that dischargers may be granted longer than six months to complete a TRE if 
warranted, without incurring violations. 



 

 
    

6. Removed compliance schedule restrictions.  The Policy for Compliance Schedules in National Pollutant 
Discharge Elimination System (NPDES) permits would now be used to determine the length of compliance 
schedules and discharger eligibility. 

7. Changed “small communities” definition.  To be consistent with Water Code section 13193, the term 
“small communities” was changed to “small disadvantaged communities” which removes the exception for 
municipalities with a median household income above 80 percent of the statewide median. 

8. Added exception for acute toxicity flow-through testing systems.  The applicable Water Boards would 
have the discretion to retain existing requirements for the acute toxicity flow-through systems used by 
some industrial dischargers, or develop new requirements. 

9. Removed recommendations for storm water dischargers.  All provisions for storm water dischargers 
have been deleted except for the requirement to analyze toxicity data using the Test of Significant Toxicity 
(TST) approach.  In addition, the Toxicity Training Tool for Storm Water Dischargers guidance document 
has been removed. 

10. Removed recommendations for channelized dischargers.  The term “channelized dischargers” has 
been removed.  The toxicity amendment now addresses all nonpoint source dischargers.  All provisions for 
nonpoint source dischargers have been deleted except for the requirement to analyze toxicity data using 
the TST approach. 
 

Options for the Toxicity Amendment 
 
State Water Board staff seeks stakeholder input on the following issues: 
 
1. Use of Maximum Daily Effluent Limitations (MDEL) 

 
 Option 1: The proposed MDELs would be applied to NPDES wastewater permits and point source Waste 

Discharge Requirements (WDR) upon issuance, reissuance, or reopening to address toxicity requirements. 
 

 Option 2: The proposed MDELs would act as accelerated monitoring triggers for the first three years after 
the toxicity amendment is effective and would be included in those NPDES wastewater permits and point 
source WDRs that are issued, reissued, or reopened during that time.  After the three year time period, the 
MDELs would serve as enforceable effluent limitations. 
 

 Option 3: The toxicity amendment would not include MDELs.  NPDES wastewater and point source WDR 
dischargers would only be required to comply with the proposed median monthly effluent limitation. 

 
 

2. Use of acute effluent limitations 
 

 Option 1: Acute toxicity RP analyses would be required on a discretionary basis, but the applicable Water 
Board would be required to justify their use.  NPDES wastewater and point source WDR dischargers would 
receive effluent limitations for acute toxicity if RP is demonstrated.  However, acute toxicity RP analyses 
would be discouraged for POTWs as chronic toxicity tests are more sensitive and generally more 
appropriate for these types of facilities. 
 

 Option 2: Prior to permit issuance, reissuance, or reopening to address toxicity, NPDES wastewater and 
point source WDR dischargers would be required to conduct both acute and chronic RP analyses to 



 

 
    

determine whether the NPDES permit or point source WDR would contain effluent limitations for acute 
toxicity and/or chronic toxicity, or neither. 

 
Next Steps 

 
Staff will schedule stakeholder meetings, consider stakeholder input, make any necessary changes, and 
release a formal draft of the toxicity amendment, revised Staff Report, and responses to public comments 
previously received.  Another public comment period will begin shortly thereafter, and a State Water Board 
meeting to consider adoption of the toxicity amendment will be scheduled after responses are provided. 
 
Drafts of the Policy and Staff Report, and other documents associated with the proposed toxicity provisions 
can be accessed on the following State Water Board Web page: 
 

http://www.waterboards.ca.gov/water_issues/programs/state_implementation_policy/tx_ass_cntrl.shtml 
 

Staff contact for the toxicity amendment: 
 

Brian Ogg, Environmental Scientist 
bogg@waterboards.ca.gov 

(916) 323-9689 
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San Diego Regional Board Order No. R9-2013-0064, 
NPDES No. CA0109169,  

Waste Discharge Requirements for the  
United States Department of the Navy,  

Naval Base San Diego Complex, San Diego County 
  



CALIFORNIA REGIONAL WATER QUALITY CONTROL BOARD 
SAN DIEGO REGION 

ORDER NO. R9-2013-0064 
NPDES NO. CA01 09169 

WASTE DISCHARGE REQUIREMENTS 
FOR THE 

UNITED STATES DEPARTMENT OF THE NAVY 
NAVAL BASE SAN DIEGO COMPLEX 

SAN DIEGO COUNTY 

The following Discharger is subject to waste discharge requirements as set forth in this Order: 

Table 1. Discharger Information 

Discharger United States Department of the Navy 

Name of Facility Naval Base San Diego Complex 

3455 Senn Road, Building 72 

Facility Address San Diego, CA 91236-5084 

San Diego County 

The United States Environmental Protection Agency (USEPA) and the California Regional Water Quality Control 
Board, San Diego Region (San Diego Water Board) have classified this discharge as a major discharge. 

Discharges by the United States Department of the Navy from the discharge points identified in 
Table 2 below are subject to waste discharge requirements as set forth in this Order. 
Administrative information is contained in Table 3 below. 

Table 2. Discharge Locations 

Discharge Discharge Description Discharge Point Discharge Point Receiving 
Point Latitude Longitude Water 

Industrial Process Water Effluent Discharges 

SC-001 Steam Condensate 32° 41' 9" N -117" 7' 57" w San Diego Bay 
SC-002 Steam Condensate 32° 41' 8" N -117"7'59"W San Diego Bay 
SC-003 Steam Condensate 32° 41' 7" N -117" 8' 1" w San Diego Bay 
SC-004 Steam Condensate 32°41'7"N -117" 8' 2"W San Die_go Bay_ 
SC-005 Steam Condensate 32°41'5"N -117" 8' 3" w San Diego Bay 
SC-006 Steam Condensate 32° 41' 5" N -117" 8' 5" w San Diego Bay_ 
SC-007 Steam Condensate 32° 41' 4" N -117" 8' 5" w San Diego Bay 
SC-008 Steam Condensate 32° 41' 3" N -117" 8' 6" w San Diego Bay 
SC-009 Steam Condensate 32° 41' 4" N -117" 8' 5" w San Diego Bay 
SC-01 0 Steam Condensate 32° 41' 5" N -117" 8' 4" w San Diego Bay 
SC-011 Steam Condensate 32o41'5"N -117" 8' 3" w San Diego Bay 
SC-012 Steam Condensate 32° 41' 6" N -117" 8' 1" w San Diego Bay 
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UNITED STATES DEPARTMENT OF THE NAVY 
NAVAL BASE SAN DIEGO COMPLEX 

Table 2. Discharge Locations (Cont'd) 

Discharge 
Discharge Description Point 

Discharge Point Discharge Point 
Latitude Longitude 

Industrial Process Water Effluent Discharges 

SC-013 Steam Condensate 32° 41' 7" N -11r 8' O"W 
SC-014 Steam Condensate 32° 41' 8" N -11r T 59" w 
SC-015 Steam Condensate 32° 41' 9" N -11r T 57" w 
SC-016 Steam Condensate 32° 41' 7" N -11r T 55" w 
SC-017 Steam Condensate 32° 41' 4" N -11r T 51"W 
SC-018 Steam Condensate 32° 41' 2" N -11r T 50" w 
SC-019 Steam Condensate 32°41'1"N -11r7'51"W 
SC-020 Steam Condensate 32° 41' 1" N -11r T 51"W 
SC-021 Steam Condensate 32° 41' 0" N -11r7'53"W 
SC-022 Steam Condensate 32° 40' 58" N -11r7'56"W 
SC-023 Steam Condensate 32° 40' 58" N -11r7'56"W 
SC-024 Steam Condensate 32° 40' 56" N -11r T 59" w 
SC-025 Steam Condensate 32° 40' 56" N -11r7'59"W 
SC-026 Steam Condensate 32° 40' 57" N -117"7'57"W 
SC-027 Steam Condensate 32° 40' 57" N -11r7'57"W 
SC-028 Steam Condensate 32° 40' 59" N -11r T 54" w 
SC-029 Steam Condensate 32° 40' 59" N -11r7'54"W 
SC-030 Steam Condensate 32° 41' 0" N -11r7'51"W 
SC-031 Steam Condensate 32°41'2"N -11r7'48"W 
SC-032 Steam Condensate 32° 41' 2" N -117" 7' 48" w 
SC-033 Steam Condensate 32°41'3"N -11r T 47" w 
SC-034 Steam Condensate 32°41'1"N -11r7'41"W 
SC-035 Steam Condensate 32° 40' 58" N -11r7'42"W 
SC-036 Steam Condensate 32° 40' 56" N -11r T 44"W 
SC-037 Steam Condensate 32° 40' 56" N -11r T 45" w 
SC-038 Steam Condensate 32° 40' 55" N -11r T 47" w 
SC-039 Steam Condensate 32° 40' 53" N -11r T 49" w 
SC-040 Steam Condensate 32° 40' 52" N -11r7'51"W 
SC-041 Steam Condensate 32° 40' 51" N -11r T 53" w 
SC-042 Steam Condensate 32° 40' 52" N -11r7'51"W 
SC-043 Steam Condensate 32° 40' 53" N -11r T 49" w 
SC-044 Steam Condensate 32° 40' 54" N -11r T 46" w 
SC-045 Steam Condensate 32° 40' 56" N -11r7'44"W 
SC-046 Steam Condensate 32° 40' 57" N -11r T 42" w 
SC-047 Steam Condensate 32° 40' 58" N -11r T 40" w 
SC-048 Steam Condensate 32° 40' 57" N -11r T 38" w 
SC-049 Steam Condensate 32o 40' 55" N -11r T 36" w 
SC-050 Steam Condensate 32° 40' 53" N 11r T 35" w 
SC-051 Steam Condensate 32° 40' 52" N -11r T 36" w 
SC-052 Steam Condensate 32° 40' 51" N -11r T 38" w 
SC-053 Steam Condensate 32° 40' 50" N -11r T 39" w 
SC-054 Steam Condensate 3T 40' 49" N -11r T 40" w 
SC-055 Steam Condensate 32° 40' 49" N -11r7'41"W 
SC-056 Steam Condensate 32° 40' 48" N -11r T 42" w 
SC-057 Steam Condensate 32° 40' 48" N -11r T 43" w 
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UNITED STATES DEPARTMENT OF THE NAVY 
NAVAL BASE SAN DIEGO COMPLEX 

Table 2. Discharge Locations (Cont'd) 

Discharge Discharge Description 
Point 

Discharge Point Discharge Point 
Latitude Longitude 

ORDER NO. R9-2013-0064 
NPDES NO. CA0109169 

Receiving 
Water 

Industrial Process Water Effluent Discharges 

SC-058 Steam Condensate 32° 40' 47" N -117" 7' 44" w San Diego Bay 
SC-059 Steam Condensate 32° 40' 46" N -117" 7' 45" w San Diego Bay 
SC-060 Steam Condensate 32° 40' 46" N -117" 7'46" w San Diego Bay 
SC-061 Steam Condensate 32° 40' 45" N -11 r T 46" w . San Diego Bay 
SC-062 Steam Condensate 32° 40' 46" N -117" 7' 45" w San Diego Bay 
SC-063 Steam Condensate 32° 40' 4 7" N -117" 7' 44" w San Diego Bay 
SC-064 Steam Condensate 32° 40' 48" N -11T7'41"W San Diego Bay 
SC-065 Steam Condensate 32° 40' 49" N -117" 7' 40" w San Diego Bay 
SC-066 Steam Condensate 32° 40' 50" N -117" 7' 39" w San Diego Bay 
SC-067 Steam Condensate 32° 40' 50" N -117" 7' 38" w San Diego Bay 
SC-068 Steam Condensate 32° 40' 52" N -117" 7' 35" w San Diego Bay 
SC-069 Steam Condensate 32° 40' 52" N -117" 7' 35" w San Diego Bay 
SC-070 Steam Condensate 32° 40' 52" N -117" 7' 35" w San Diego Bay 
SC-071 Steam Condensate 32°40'51"N -117" 7' 33" w San Diego Bay 
SC-072 Steam Condensate 32° 40' 51" N -117" 7' 33" w San Diego Bay 
SC-073 Steam Condensate 32° 40' 49" N -11T7'31"W San Diego Bay 
SC-074 Steam Condensate 32° 40' 47" N -117" 7' 30" w San Diego Bay 
SC-075 Steam Condensate 32° 40' 46" N -11T7'31"W San Diego Bay 
SC-076 Steam Condensate 32° 40' 45" N -117" 7' 33" w San Diego Bay 
SC-077 Steam Condensate 32° 40' 44" N -11T7'34"W San Diego Bay 
SC-078 Steam Condensate 32o 40' 43" N -117" 7' 35" w San Diego Bay 
SC-079 Steam Condensate 32° 40' 42" N -11T7'37"W San Diego Bay 
SC-080 Steam Condensate 32° 40' 41" N -117" 7' 36" w San Diego Bay 
SC-081 Steam Condensate 32° 40' 40" N -117" 7' 40" w San Diego Bay 
SC-082 Steam Condensate 32° 40' 40" N -117" 7' 40" w San Diego Bay 
SC-083 Steam Condensate 32°40'41"N -11T7'38"W San Diego Bay 
SC-084 Steam Condensate 32° 40' 42" N -117" 7' 36" w San Diego Bay 
SC-085 Steam Condensate 32° 40' 43" N -117" 7' 35" w San Diego Bay 
SC-086 Steam Condensate 32° 40' 44" N -117" 7' 34" w San Diego Bay 
SC-087 Steam Condensate 32° 40' 44" N -11T7'32"W San Diego Bay 
SC-088 Steam Condensate 32° 40' 45" N -11T7'31"W San Diego Bay 
SC-089 Steam Condensate 32°40'41"N -117" 7' 24" w San Diego Bay 
SC-090 Steam Condensate 32° 40' 40" N -117" 7' 26" w San Diego Bay 
SC-091 Steam Condensate 32° 40' 38" N -117" 7' 28" w San Diego Bay 
SC-092 Steam Condensate 32° 40' 36" N -117" 7' 32" w San Diego Bay 
SC-093 Steam Condensate 32° 40' 35" N -117" 7' 34" w San Diego Bay 
SC-094 Steam Condensate 32° 40' 34" N -117" 7' 36" w San Diego Bay 
SC-095 Steam Condensate 32° 40' 35" N -117" 7' 33" w San Diego Bay 
SC-096 Steam Condensate 32° 40' 36" N -11T7'31"W San Diego Bay 
SC-097 Steam Condensate 32° 40' 38" N -117" 7' 28" w San Diego Bay 
SC-098 Steam Condensate 32° 40' 39" N -117" 7' 26" w San Diego Bay 
SC-099 Steam Condensate 32° 40' 40" N -117" 7' 24" w San Diego Bay 
SC-100 Steam Condensate 32° 40' 36" N -11T7'21"W San Diego Bay 
SC-101 Steam Condensate 32° 40' 35" N -117" 7' 19" w San Diego Bay 
SC-102 Steam Condensate 32° 40' 34" N -117° 7' 19" w San Diego Bay 
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UNITED STATES DEPARTMENT OF THE NAVY 
NAVAL BASE SAN DIEGO COMPLEX 

Table 2. Discharge Locations (Cont'd) 

Discharge 
Discharge Description Point 

Discharge Point Discharge Point 
Latitude Longitude 

Industrial Process Water Effluent Discharges 

SC-103 Steam Condensate 32° 40' 34" N -11r 7' 19" w 
SC-104 Steam Condensate 32° 40' 33" N -11r7'22"W 
SC-105 Steam Condensate 32° 40' 32" N -11r 7' 24" w 
SC-106 Steam Condensate 32° 40' 31" N -11r 7' 25" w 
SC-107 Steam Condensate 32° 40' 30" N -11r 7' 27" w 
SC-108 Steam Condensate 32° 40' 29" N -11r 7' 28" w 
SC-109 Steam Condensate 32° 40' 28" N -11r7'29"W 
SC-11 0 Steam Condensate 32° 40' 27" N -11r7'31"W 
SC-111 Steam Condensate 32° 40' 27" N -11r 7' 32" w 
SC-112 Steam Condensate 32° 40' 26" N -11r 7' 33" w 
SC-113 Steam Condensate 32° 40' 25" N -11r 7' 33" w 
SC-114 Steam Condensate 32° 40' 26" N -11r 7' 32" w 
SC-115 Steam Condensate 32° 40' 28" N -11r7'29"W 
SC-116 Steam Condensate 32° 40' 29" N -11r 7' 28" w 
SC-117 Steam Condensate 32° 40' 30" N -11r 7' 25" w 
SC-118 Steam Condensate 32° 40' 31" N -11r 7' 23" w 
SC-119 Steam Condensate 32° 40' 32" N -11r 7' 22" w 
SC-120 Steam Condensate 32° 40' 34" N -11r 7' 19" w 
SC-121 Steam Condensate 32° 40' 34" N -11r 7' 19" w 
SC-122 Steam Condensate 32~ 40' 30" N -11r T 15" w 
SC-123 Steam Condensate 32° 40' 28" N -11r 7' 14"W 
SC-124 Steam Condensate 32° 40' 28" N -11r 7' 15" w 
SC-125 Steam Condensate 32° 40' 26" N -11r 7' 17" w 
SC-126 Steam Condensate 32° 40' 25" N -11r 7' 19" w 
SC-127 Steam Condensate 32° 40' 24" N -11r7'21"W 
SC-128 Steam Condensate 32° 40' 23" N -11r 7' 22" w 
SC-129 Steam Condensate 32° 40' 22" N -11r 7' 25" w 
SC-130 Steam Condensate 32° 40' 20" N -11r 7' 27" w 
SC-131 Steam Condensate 32° 40' 20" N -11r 7' 27" w 
SC·132 Steam Condensate 32° 40' 21" N -11r 7' 25" w 
SC-133 Steam Condensate 32° 40' 23" N -11r 7' 22" w 
SC-134 Steam Condensate 32° 40' 24" N -11r7'21"W 
SC-135 Steam Condensate 32° 40' 25" N -11r 7' 19" w 
SC-136 Steam Condensate 32° 40' 26" N -11r 7' 17" w 
SC-137 Steam Condensate 32° 40' 27" N -11r 7' 14" w 
SC-138 Steam Condensate 32° 40' 26" N -11r 7' 13" w 
SC-139 Steam Condensate 32° 40' 24" N -11r7'11"W 
SC-140 Steam Condensate 32° 40' 11" N -11r 7' 19" w 
SC-141 Steam Condensate 32° 40' 11" N -11r 7' 22" w 
SC-142 Steam Condensate 32° 40' 9" N -11r 7' 23" w 
SC-143 Steam Condensate 32° 40' 4" N -11r 7' 10" w 
SC-144 Steam Condensate 32° 40' 4" N -11r T 10" w 
SC-145 Steam Condensate 32° 40' 4" N -11r 7' 10" w 
SC-146 Steam Condensate 32° 40' 4" N -11r 7' 10" w 
SC-147 Steam Condensate 32° 40' 2" N -11r 7' 10" w 
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UNITED STATES DEPARTMENT OF THE NAVY 
NAVAL BASE SAN DIEGO COMPLEX 

Table 2. Discharge Locations (Cont'd) 

Discharge Discharge Description 
Point 

Discharge Point Discharge Point 
Latitude Lon_gitude 

Industrial Process Water Effluent Discharges 

SC-148 Steam Condensate 32° 39' 58" N -11r T 9" w 
SC-149 Steam Condensate 32° 39' 58" N -11r T 9" w 
SC-150 Steam Condensate 32° 39' 58" N -11JD 7' 9" w 
SC-151 Steam Condensate 32° 39' 52" N -11JD7'11"W 
SC-152 Steam Condensate 32° 39' 50" N -11r T 23" w 
SC-153 Steam Condensate 32° 39' 52" N -11r7'11"W 
SC-154 Steam Condensate 32° 39' 48" N -11r T 8" w 
SC-155 Steam Condensate 32° 39' 46" N -11rTrw 
SC-156 Steam Condensate 32° 39' 45" N -11JD 7' 9" w 
SC-157 Steam Condensate 32° 39' 45" N -11r T 10" w 
SC-158 Steam Condensate 32° 39' 45" N -11r T 13" w 
SC-159 Steam Condensate 32° 39' 45" N -11rT15"W 
SC-160 Steam Condensate 32° 39' 45" N -11rT1rw 
SC-161 Steam Condensate 32° 39' 45" N -11r T 19" w 
SC-162 Steam Condensate 32° 39' 44" N -11rT20"W 
SC-163 Steam Condensate 32° 39' 44" N -11r T 22" w 
SC-164 Steam Condensate 32° 39' 43" N -11r T 24" w 
SC-165 Steam Condensate 32° 39' 43" N -11r T 22" w 
SC-167 Steam Condensate 32° 39' 43" N -11r T 20" w 
SC-168 Steam Condensate 32° 39' 43" N -11JD 7' 19" w 
SC-169 Steam Condensate 32° 39' 44" N -11JD7'17"W 
SC-170 Steam Condensate 32° 39' 44" N -11JD T 15" W 
SC-171 Steam Condensate 32° 39' 44" N -11r T 13" w 
SC-172 Steam Condensate 32° 39' 44" N -11r T 10" w 
SC-173 Steam Condensate 32° 39' 44" N -11r T 9" w 
SC-174 Steam Condensate 32° 39' 44" N -11r T T'W 
SC-175 Steam Condensate 32° 40 49" N -11r T 31" w 
BC-001 Boom Cleaning 32° 40' 24" N -11rT1"W 

UV-001 
Utility Vault & 

Manhole Dewatering 2 32° 40' 59" N -11r 7' 55"W 

UV-002 Utility Vault & 
Manhole Dewatering 2 32° 40' 59" N -11JD7'52"W 

UV-003 
Utility Vault & 

Manhole Dewatering 2 32o41'2"N -11JD 7' 48" w 

UV-004 
Utility Vault & 

Manhole Dewatering 2 32° 40' 59" N -11r7'37"W 

UV-005 
Utility Vault & 

Manhole Dewatering 2 32° 40' 59"N -11JD7'30"W 

UV-006 Utility Vault & 
Manhole Dewatering2 32° 40' 52" N -11JD7'12"W 

UV-007 
Utility Vault & 

Manhole Dewatering2 32° 40' 55" N -11JD 7' 8"W 

UV-008 Utility Vault & 
Manhole Dewatering 2 32° 40' 41" N -11r 7' 23" w 

UV-009 
Utility Vault & 

Manhole Dewatering 2 32° 40' 37" N -11JD 7' 19" w 
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UNITED STATES DEPARTMENT OF THE NAVY 
NAVAL BASE SAN DIEGO COMPLEX 

ORDER NO. R9-2013-0064 
NPDES NO. CA0109169 

Table 2. Discharge Locations (Cont'd) 

Discharge 
Discharge Description 

Discharge Point Discharge Point Receiving 
Point Latitude Longitude Water 

Industrial Process Water Effluent Discharges 

UV-01 0 Utility Vault & 
Manhole Dewatering2 32° 40' 30" N -117" 7' 12" w San Diego Bay 

UV-011 Utility Vault & 
Manhole Dewatering_2 32° 40' 10" N -117"7'14"W San Diego Bay 

UV-012 Utility Vault & 
Manhole Dewatering2 32° 40' 16" N -117"6'54"W Paleta Creek 

Weight 
Weight Test Water Various Various San Diego Bay 

Test Water 

Naval Graving Dock Industrial Process Water Effluent Discharges 

NGD-001 Deflooding Water/ 
32° 40' 45" N -117" 7' 30" w San Diego Bay 

Salt Water Rinse 

NGD-002 Deflooding Water/ 
32° 40' 45" N -117" 7' 30" w San Diego Bay Salt Water Rinse 

NGD-003 Caisson Ballast 
32° 40' 45" N -117" 7' 30" w San Diego Bay 

Dewatering 
Emergency Fire 

NGD-004 Suppression/ 32° 40' 45" N -117" 7' 30" w San Diego Bay 
Saltwater Supply Water 

NGD-005 Seawater Cooling 32° 40' 45" N -117" 7' 30" w San Diego Bay 
Overboard Water 

Small Municipal Separate Storm Sewer System (MS4) Discharges 

See 
Chollas Creek, 

Attachment 
Storm Water (wet weather) 

See Attachment M to See Attachment M to 
Paleta Creek, 

M to this 
and Non-Storm Water (dry 

this Order3 this Order3 San Diego 

Order 
weather) River, or San 

Diego Bay 

Industrial No Exposure Area Storm Water Discharges 

See Industrial No Exposure Chollas Creek, 
Attachment Area Storm Water (wet See Attachment M to See Attachment M to Paleta Creek, 

M to this weather) and Non-Storm this Order this Order or San Diego 
Order Water (dry weather) Bay 

Industrial Low Risk Area Storm Water Discharges 

See Industrial Low Risk Area Chollas Creek, 
Attachment Storm Water (wet weather) See Attachment M to See Attachment M to Paleta Creek, 

M to this and Non-Storm Water (dry this Order this Order or San Diego 
Order weather) Bay 
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UNITED STATES DEPARTMENT OF THE NAVY 
NAVAL BASE SAN DIEGO COMPLEX 

ORDER NO. R9-2013-0064 
NPDES NO. CA01 09169 

Table 2. Discharge Locations (Cont'd) 

2 

3 

Discharge Discharge Description 
Discharge Point Discharge Point Receiving 

Point Latitude Longitude Water 

Industrial High Risk Area Storm Water Discharges 

See Industrial High Risk Area 
Attachment Storm Water (wet weather) See Attachment M to See Attachment M to San Diego Bay 

M to this and Non-Storm Water (dry this Order this Order 
Order weather) 
Boom, moonng, and fender cleanmg discharges to remove manne growth can occur at any pier where booms 
are installed. However, boom cleaning typically occurs along the quay wall in front of the Waterfront 
Operations facility. Oil booms contaminated with oil or fuel are removed from water for cleaning with no 
discharge to receiving waters. Security boom cleaning to remove marine growth is most often performed at 
the location where the boom is installed. 
The discharge points identified in the table represent electrical utility vaults with automatic sump pumps that 
could potentially discharge to San Diego Bay and Paleta Creek. Manhole dewatering is performed with 
manual pumps or pumper trucks and the water is discharged to the sanitary sewer or to adjacent manholes. 
A manhole dewatering discharge to a storm drain or receiving water would be very infrequent and only during 
emergencies. Discharge locations could occur at numerous locations within the Facility. 
The discharge points identified in Attachment Mare in NBSD-main base. Other MS4 discharge points are 
located at the Broadway Complex, Mission Gorge Recreational Facility, and the Naval Medical Center San 
Diego. 

Table 3. Administrative Information 

This Order was adopted by the San Diego Regional Water Quality Control Board on: August 14, 2013 

This Order shall become effective on: November 1, 2013 

This Order shall expire on: October 31, 2018 
The Discharger shall file a Report of Waste Discharge in accordance with title 23, 
California Code of Regulations, as application for issuance of new waste discharge May 4, 2018 
requirements no later than: 

I, David Gibson, Executive Officer, do hereby certify that this Order with all attachments is a 
full, true, and correct copy of an Order adopted by the California Regional Water Quality 
Control Board, San Diego Region, on August 14, 2013. 

David W. Gibson 
Executive Officer 
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I. FACILITY INFORMATION 

The following Discharger and Facility is subject to waste discharge requirements as set 
forth in this Order: 

Table 4. Facility Information 

Discharger United States Department of the Navy 
Name of Facility Naval Base San Diego Complex 

3455 Senn Road, Building 72 
Facility Address San Diego, CA 91236-5084 

San Diego County 
Facility Contact, Title, Mark Edson, Installation Environmental Program Director 
and Phone (619) 556-1532 
Mailing_ Address Same as Facility Address 
Type of Facility Naval Base 
Facility Design Flow Not Applicable 

II. FINDINGS 

The California Regional Water Quality Control Board, San Diego Region (hereinafter San 
Diego Water Board), finds: 

A. Background. The United States Department of the Navy (hereinafter Discharger) is 
currently discharging under two separate National Pollution Discharge Elimination 
System (NPDES) permits at the Naval Base San Diego Complex. 

1. Order No. R9-2002-0169, NPDES Permit No. CA0109169, regulates several types 
of wastewater discharges at numerous discharge locations within NBSD including 
industrial storm water; steam condensate; pier boom, fender, and mooring cleaning; 
utility vault and manhole dewatering; and miscellaneous discharges associated with 
facility maintenance. These discharges are regulated by application of technology 
based effluent limitations (TBELs), water quality based effluent limitations 
(WQBELs), and best management practices (BMPs) that apply to each discharge 
prior to mixing with the receiving water. The Discharger submitted a Report of Waste 
Discharge (ROWD), dated June 18, 2007, for renewal of Order No. R9-2002-0169. 
The application was deemed complete on March 27, 2008. 

2. The second NPDES Permit, Order No. R9-2003-0265, NPDES Permit No. 

Findings 

CA01 07867, regulates the discharge of saltwater supply system water, graving dock 
flood dewater, graving dock caisson gate ballast water, and industrial storm water 
from several discharge locations at the United States (US) Navy Graving Dock, 
which is located within the Naval Base San Diego facility. These discharges are 
regulated through TBELs, WQBELs, and BMPs that apply to each discharge prior to 
mixing with the receiving water. The Discharger submitted a ROWD, dated July 2, 
2008, for the renewal of Order No. R9-2003-0265. 
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Because the US Navy Graving Dock is located within the geographical boundaries of 
Naval Base San Diego and is owned and operated by the Discharger, the coverage 
of NPDES Permit No. CA01 07867 for the US Navy Graving Dock is incorporated 
into this Order to achieve maximum efficiency and economy of resources, and 
minimize redundancy to the Discharger and the San Diego Water Board. All 
applicable requirements for the US Navy Graving Dock have been incorporated 
directly into this Order or revised as necessary. 

For the purposes of this Order, references to the "Facility" or "Discharger" in 
applicable federal and state laws, regulations, plans, or policy are held to be 
equivalent to references to the Discharger herein. 

B. Facility and Discharge Description. The Naval Base San Diego Complex is 
comprised of the following four installations: Naval Base San Diego - main base 
(NBSD), Broadway Complex, Mission Gorge Recreational Facility (MGRF; also known 
as Admiral Baker Field), and the Naval Medical Center, San Diego (NMCSD). These 
four installations are hereinafter jointly referred to as "Facility". This Order establishes 
requirements for the following categories of discharges from Naval Base San Diego 
Complex installations including: 

1. Industrial process wastewater; 
2. Industrial storm water runoff from NBSD including the US Navy Graving Dock; and 
3. Municipal storm water runoff from all four installations. 

The types of industrial process wastewaters discharged from the NBSD installation 
portion of the Facility to San Diego Bay, a water of the United States, are described in 
Table 5 below: 

Table 5. Industrial Process Wastewater Discharges from NBSD 

Types of Discharge Discharge Point Nos. 
Steam Condensate SC-001 through SC-175 
Pier Boom, Fender, and Mooring BC-001 
Cleaning_ Wastewater 
Utility Vault and Manhole Dewatering UV-001 through UV-012 
Graving Dock Deflooding Water I 

NGD-001 through NGD-002 
Salt Water Rinse 
Caisson Ballast Dewatering NGD-003 
Emergency Fire Suppression I 

NGD-004 
Saltwater Supply 
Seawater Cooling Overboard Water NGD-005 
Weight Test Water At any pier 

The seawater cooling overboard water discharges regulated under this Order are 
associated with vessels in the graving dock which draw water directly from San Diego 
Bay for cooling purposes. Water is pumped into the vessels in the graving dock and 
routed through heat exchangers where it absorbs heat and is then discharged to San 
Diego Bay at higher temperatures. 

Findings 11 



UNITED STATES DEPARTMENT OF THE NAVY 
NAVAL BASE SAN DIEGO COMPLEX 

ORDER NO. R9-2013-0064 
NPDES NO. CA0109169 

Industrial storm water discharges occur from areas of NBSD identified as Industrial 
Areas in the maps submitted May 12, 2011, and included as Figures B-2 and B-3. 
Industrial areas are broken down into the following risk level designations: Industrial No 
Exposure Areas, Industrial Low Risk Areas, and Industrial High Risk Areas. 

Storm water (wet weather) and non-storm water (dry weather) discharges occur through 
Small (Phase II) Municipal Separate Storm Sewer Systems (MS4s) at numerous 
locations throughout the Facility. This Order regulates the discharge of storm water 
(wet weather) and non-storm water (dry weather) from the Facility to waters of the 
United States (waters of the US), including the San Diego River, Chollas Creek, Paleta 
Creek, San Diego Bay, and other unnamed waters of the Lindbergh Hydrologic 
Subarea. This Order regulates these discharges pursuant to federal Clean Water Act 
(CWA) section 402(p) as discharges from a non-traditional Phase II MS4. 

Industrial storm water discharges from areas at NBSD designated as Industrial High 
Risk Areas, described under section IV.B.1.d of this Order and including areas such as 
drydocks and piers where ship maintenance and repair activities are expected to occur, 
are subject to effluent limitations for acute toxicity. All industrial storm water discharges 
are subject to continued coverage under a Storm Water Pollution Prevention Plan 
(SWPPP). Industrial storm water from Industrial Low Risk Areas and Industrial High 
Risk Areas are subject to Numeric Action Levels (NALs) as described in section IV.B.1.c 
and IV.B.1.d of this Order. 

Figure B-1 of Attachment B to this Order provides a vicinity map showing the locations 
of the installations that comprise the Facility. Attachment C to this Order provides flow 
schematics of industrial process wastewater discharges from the Facility. Section II.A 
of Attachment F (Fact Sheet) to this Order provides a description of each discharge. 
Attachment M provides a list of storm water discharges, the risk designations 
associated with each discharge, and the associated receiving waters. 

C. Legal Authorities. This Order is iSS !Jed pursuant to section 402 of the CWA and 
implementing regulations adopted by the US Environmental Protection Agency 
(US EPA) and chapter 5.5, division 7 of the California Water Code (commencing with 
section 13370). This Order shall serve as a NPDES permit for point source discharges 
from this facility to surface waters. This Order also serves as Waste Discharge 
Requirements (WDRs) pursuant to article 4, chapter 4, division 7 of the Water Code 
(commencing with section 13260). 

D. Background and Rationale for Requirements. The San Diego Water Board 
developed the requirements in this Order based on information submitted as part of the 
application, through monitoring and reporting programs, and other available information. 
The Fact Sheet (Attachment F), which contains background information and rationale 
for Order requirements, is hereby incorporated into this Order and constitutes part of the 
Findings for this Order. Attachments A through E and G through Mare also 
incorporated into this Order. 
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E. California Environmental Quality Act (CEQA). Under Water Code section 13389, 
this action to adopt an NPDES permit is exempt from the provisions of CEQA, Public 
Resources Code sections 211 00-21177. 

F. Technology-based Effluent Limitations (TBELs). Section 301(b) of the CWA and 
implementing USEPA permit regulations at section 122.44, title 40 of the Code of 
Federal Regulations (40 CFR 122.44), require that permits include conditions meeting 
applicable technology-based requirements at a minimum, and any more stringent 
effluent limitations necessary to meet applicable water quality standards. The 
discharges authorized by this Order must meet minimum federal and State technology
based requirements based on Best Professional Judgment (BPJ) in accordance with 40 
CFR 125.3. A detailed discussion ofthe TBELs development is included in the Fact 
Sheet (Attachment F). 

G. Water Quality-based Effluent Limitations (WQBELs). Section 301 (b) of the CWA 
and NPDES permit regulations at 40 CFR 122.44(d) require that permits include 
limitations more stringent than applicable federal technology-based requirements where 
necessary to achieve applicable water quality standards. NPDES permit regulations at 
40 CFR 122.44(d)(1 )(i) mandate that permits include effluent limitations for all pollutants 
that are or may be discharged at levels that have the reasonable potential to cause or 
contribute to an exceedance of a water quality standard, including numeric and 
narrative objectives within a standard. Where reasonable potential has been 
established for a pollutant, but there is no numeric criterion or objective for the pollutant, 
WQBELs must be established using: (1) USEPA criteria guidance under CWA section 
304(a), supplemented where necessary by other relevant information; (2) an indicator 
parameter for the pollutant of concern; or (3) a calculated numeric water quality 
criterion, such as a proposed state criterion or policy interpreting the state' s narrative 
criterion, supplemented with other relevant information, as provided in section 40 CFR 
122.44(d)(1 )(vi). 

H. Water Quality Control Plans and Policies. The requirements of this Order implement 
the following applicable water quality control plans and policies: 

1. Basin Plan. The San Diego Water Board adopted a Water Quality Control Plan for 
the San Diego Region (hereinafter Basin Plan) on September 8, 1994 that 
designates beneficial uses, establishes water quality objectives, and contains 
implementation programs and policies to achieve those objectives for receiving 
waters addressed through the plan. Subsequent revisions to the Basin Plan have 
also been adopted by the San Diego Water Board and approved by the State Water 
Resources Control Board (State Water Board). Beneficial uses applicable to the 
waters of the US described as receiving waters under this Order and designated in 
the Basin Plan are as follows: 
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Table 6. Basin Plan Beneficial Uses 

Discharge Point Receiving 
Water Name 

SC-001 through SC-175, BC-001, 
UV-001 through UV-012, NGD-
001 through NGD-005, Weight San Diego 
Test Water, and Storm Water Bay 
Discharges as identified in 
Attachment M to this Order. 

Storm Water Discharges, as 
identified in Attachment M to this Chollas Creek 
Order. 

Storm Water Discharges, as Paleta Creek 

identified in Attachment M to this 
(Seventh 

Order and BC-001. 
Street 

Channel) 

Storm Water Discharges, as 
San Diego identified in Attachment M to this 

River 
Order. 

Storm Water Discharges, as Lindberg 
identified in Attachment M to this Hydrologic 
Order. Subarea 

ORDER NO. R9-2013-0064 
NPDES NO. CA0109169 

Beneficial Use(s) 

Existing: 
Industrial service supply (IND); navigation (NAV); contact 
water recreation (REC-1 ); non-contact water recreation 
(REC-2); commercial and sport fishing (COMM); 
preservation of biological habitats of special significance 
(BIOL); estuarine habitat (EST); wildlife habitat (WILD); 
preservation of rare, th.reatened or endangered species 
(RARE); marine habitat (MAR); migration of aquatic 
organisms (MIGR); spawning, reproduction, and/or early 
development (SPWN); shellfish harvesting (SHELL) 

Existing: 
Non-contact water recreation (REC-2); warm freshwater 
habitat (WARM); wildlife habitat (WILD) 

Potential: 
Contact water recreation (REC-1) 

Existing: 
Non-contact water recreation (REC-2); warm freshwater 
habitat (WARM); wildlife habitat (WILD) 

Potential: 
Contact water recreation ( REC-1) 

Existing: 
Municipal and domestic supply (MUN); agricultural 
(AGR); industrial service supply (IND); industrial process 
supply (PROC); contact water recreation (REC1 ); non-
contact water recreation (REC-2); warm freshwater 
habitat (WARM); cold freshwater habitat (COLD); wildlife 
habitat (WILD) 

Existing: 
Non-contact water recreation (REC-2); warm freshwater 
habitat (WARM); wildlife habitat (WILD) 

Potential: 
Contact water recreation (REC-1) 

2. Thermal Plan. The State Water Board adopted the Water Quality Control Plan for 
Control of Temperature in the Coastal and Interstate Water and Enclosed Bays and 
Estuaries of California (Thermal Plan) on May 18, 1972, and amended this plan on 
September 18, 1975. This plan contains temperature objectives for surface waters. 
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3. Bays and Estuaries Policy. The State Water Board adopted the Water Quality 
Control Policy for Enclosed Bays and Estuaries of California (Bays and Estuaries 
Policy) on May 16, 197 4. The Bays and Estuaries Policy establishes principles for 
management of water quality, quality requirements for waste discharges, discharge 
prohibitions, and general provisions to prevent water quality degradation and to 
protect the beneficial uses of waters of enclosed bays and estuaries. These 
principles, requirements, prohibitions, and provisions have been incorporated into 
this Order. 

4. Sediment Quality Plan. On September 16, 2008, the State Water Board adopted 
the Water Quality Control Plan for Enclosed Bays and Estuaries- Part 1 Sediment 
Quality (Sediment Quality Plan). The Sediment Quality Plan became effective on 
August 25, 2009. The Sediment Quality Plan establishes: 1) narrative sediment 
quality objectives for benthic community protection from exposure to contaminants in 
sediment and to protect human health; and 2) a program of implementation using a 
multiple lines of evidence approach to interpret the narrative sediment quality 
objectives. This Order implements the requirements of the Sediment Quality Plan. 

5. Ocean Plan. The State Water Board adopted the Water Quality Control Plan for 
Ocean Waters of California, California Ocean Plan (Ocean Plan) in 1972 and 
amended it in 1978, 1983, 1988, 1990, 1997, 2000, 2005, and 2009 and the most 
recent amended Ocean Plan became effective on March 10, 2010. The Ocean Plan 
is applicable, in its entirety, to point source discharges to the ocean. This Order 
includes TBELs based on Table A of the Ocean Plan. Since the San Diego Bay 
shares a strong hydraulic connection with the Ocean and shares many of the same 
characteristics of the Ocean, requirements and water quality objectives have been 
established as necessary to protect the beneficial uses of the Ocean. 

I. Water Quality Limited Segments. Under section 303(d) of the Clean Water Act, 
states, territories and authorized tribes are required to develop lists of water quality 
limited segments. The waters on these lists do not meet water quality standards, even 
after point sources of pollution have installed the minimum required levels of pollution 
control technology. On November 12, 2010 USEPA gave final approval to California's 
2010 section 303(d) List of Water Quality Limited Segments. The impaired waterbody 
segments located near or adjacent to the NBSD Complex are identified in Table 7 
below: 
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Table 7. Impaired Waterbodies near NBSD Complex 

Waterbody Impaired Segment Location Constituent Installation 

San Diego Bay Bay-wide Polychlorinated biphenyls (PCBs) 
NBSD and Broadway 

Complex 

San Diego Bay 
32nu Street San Diego Naval Benthic community effects and 

NBSD 
Station sediment toxicity 

San Diego Bay 
San Diego Bay Shoreline, Benthic community effects and NBSD 

near Chollas Creek sediment toxicity 
San Diego Bay Shoreline, 

Benthic community effects and San Diego Bay North of 241
h Street Marine NBSD 

Terminal 
sediment toxicity 

San Diego Bay 
San Diego Bay Shoreline, 7'n Benthic community effects and NBSD 

Street Channel sediment toxicity 
San Diego Bay Shoreline, Benthic community effects, 

San Diego Bay Vicinity of B Street and sediment toxicity, and total Broadway Complex 
Broadway Piers coliform 

San Diego Bay San Diego Bay, G Street Pier Total coliform Broadway Complex 
From mouth of Chollas Creek Copper, lead, zinc, diazinon, 

Chollas Creek at San Diego Bay to 4 miles indicator bacteria, phosphorus, NBSD 
inland nitrogen, and trash 

The Basin Plan prescribes Total Maximum Daily Loads (TMDLs) for diazinon and 
metals (dissolved copper, lead, and zinc) in Chollas Creek, a tributary to San Diego 
Bay. This Order establishes no requirements for diazinon because Chollas Creek has 
achieved the numeric target for diazinon. The Chollas Creek Metals TMDL identifies 
NBSD as a point source contributor of copper, lead, and zinc and establishes a 
waste load allocation for these metals. This Order establishes Stormwater Action Levels 
(SALs) for copper, lead, and zinc, consistent with the requirements and assumptions of 
the Chollas Creek Metals TMDLs. 

J. National Toxics Rule (NTR) and California Toxics Rule (CTR). USEPA adopted the 
NTR on December 22, 1992, and later amended it on May 4, 1995 and November 9, 
1999. About 40 criteria in the NTR applied in California. On May 18, 2000, USEPA 
adopted the CTR. The CTR promulgated new taxies criteria for California and, in 
addition, incorporated the previously adopted NTR criteria that were applicable in the 
state. The CTR was amended on February 13, 2001. These rules contain water quality 
criteria for priority pollutants and are applicable to the discharges from the Facility. 

K. State Implementation Policy. On March 2, 2000, the State Water Board adopted the 
Policy for Implementation of Taxies Standards for Inland Surface Waters, Enclosed 
Bays, and Estuaries of California (State Implementation Policy or SIP). The SIP 
became effective on April 28, 2000 with respect to the priority pollutant criteria 
promulgated for California by the USEPA through the NTR and to the priority pollutant 
objectives established by the San Diego Water Board in the Basin Plan. The SIP 
became effective on May 18, 2000 with respect to the priority pollutant criteria 
promulgated by the USEPA through the CTR. The State Water Board adopted 
amendments to the SIP on February 24, 2005 that became effective on July 13, 2005. 
The SIP establishes implementation provisions for priority pollutant criteria and 
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objectives and provisions for chronic toxicity control. Requirements on industrial 
process wastewater discharge in this Order implement the SIP. The SIP is not 
applicable to storm water discharges regulated by this Order. 

L. Alaska Rule. On March 30, 2000, USEPA revised its regulation that specifies when 
new and revised state and tribal water quality standards become effective for CWA 
purposes (Title 40 Code of Federal Regulations section 131.21 (40 CFR § 131.21); 65 
Fed. Reg. 24641 (April 27, 2000).) Under the revised regulation (also known as the 
Alaska rule), new and revised standards submitted to USEPA after May 30, 2000, must 
be approved by USEPA before being used for CWA purposes. The final rule also 
provides that standards already in effect and submitted to USEPA by May 30, 2000 may 
be used for CWA purposes, whether or not approved by US EPA. 

M. Stringency of Requirements for Individual Pollutants. This Order contains both 
TBELs and WQBELs for individual pollutants. The TBELS applied in the Order consist 
of: 1) restrictions on oil and grease, total suspended solids, settleable solids, turbidity, 
and pH derived from Table A of the Ocean Plan; 2) a requirement to continue to 
implement BMPs for utility vault and manhole dewatering discharges; 3) a requirement 
to develop and maintain a BMP Plan for discharges from pier boom, fender, and 
mooring cleaning; 4) a requirement to continue to implement a SWPPP for toxic 
pollutants and hazardous substances in industrial storm water runoff; 5) Numeric Action 
Levels (NALs) for industrial storm water runoff; and 6) a requirement to develop and 
implement a SWMP for the small MS4 areas. These restrictions and requirements are 
discussed in section IV.B.2 of the Fact Sheet. This Order's technology-based pollutant 
restrictions implement the minimum, applicable federal and State technology-based 
requirements. 

WQBELs have been scientifically derived to implement applicable water quality 
objectives that protect beneficial uses established in water quality control plans. The 
scientific procedures for calculating the individual WQBELs for priority pollutants are 
based on the CTR and the SIP. The WQBELs applied in the Order have also been 
calculated based on the Basin Plan. The Chollas Creek Metals TMDL was used to 
calculate water quality-based SALs. 

Any water quality objectives and beneficial uses submitted to USEPA prior to May 30, 
2000, but not approved by USEPA before that date, are nonetheless "applicable water 
quality standards for purposes of the CWA" pursuant to 40 CFR 131.21 (c)(1). 
Collectively, this Order's restrictions on individual pollutants are no more stringent than 
required to implement the requirements of the CWA. 

N. Antidegradation Policy. USEPA's NPDES permit regulations at 40 CFR 131.12 
require that the state water quality standards include an antidegradation policy 
consistent with the federal policy. The State Water Board established California's 
antidegradation policy in State Water Board Resolution No. 68-16. Resolution No. 68-
16 incorporates the federal antidegradation policy where the federal policy applies 
under federal law. Resolution No. 68-16 requires that existing quality of waters be 
maintained unless degradation is justified based on specific findings. The San Diego 
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Water Board's Basin Plan implements, and incorporates by reference, both the state 
and federal antidegradation policies. As discussed in detail in the Fact Sheet 
(Attachment F), the permitted discharges under this Order are consistent with the 
antidegradation provision of 40 CFR 131.12 and State Water Board Resolution No. 68-
16. 

0. Anti-Backsliding Requirements. Sections 402(o)(2) and 303(d)(4) of the CWA and 
federal regulations at 40 CFR 122.44(1) prohibit backsliding in NPDES permits. These 
anti-backsliding provisions require effluent limitations in a reissued permit to be as 
stringent as those in the previous permit, with some exceptions where limitations may 
be relaxed. All effluent limitations in this Order are at least as stringent as the effluent 
limitations and conditions of the previous orders. 

P. Endangered Species Act. This Order does not authorize any act that results in the 
taking of a threatened or endangered species or any act that is now prohibited, or 
becomes prohibited in the future, under either the California Endangered Species Act 
(Fish and Game Code sections 2050 to 2097) or the Federal Endangered Species Act 
(16 USC sections 1531 to 1544). This Order requires compliance with effluent 
limitations, receiving water limits, and other requirements to protect the beneficial uses 
of waters of the state. The Discharger is responsible for meeting all requirements of the 
applicable Endangered Species Act. 

Q. Atomic Energy Act. Pursuant to the Atomic Energy Act, the San Diego Water Board 
does not have jurisdictional authority to regulate the discharge of radioactive wastes 
from U.S. naval nuclear propulsion plants and their support facilities. Therefore, this 
Order does not regulate discharges of radioactive wastes from nuclear propulsion plants 
or from nuclear support facilities. 

R. Uniform National Discharge Standards. In 1996 Congress passed legislation 
amending section 312 of the CWA to provide the Department of Defense and the 
USEPA authority to jointly establish Uniform National Discharge Standards (UNDS) for 
incidental discharges· from vessels of the Armed Forces. The UNDS program 
establishes regulatory requirements for marine pollution control devices (MPCD) to 
mitigate adverse impacts on the marine environment. Therefore, the requirements in 
this Order do not apply to vessel discharges regulated under the UNDS program. 

S. Monitoring and Reporting. USEPA's NPDES permit regulations at 40 CFR 122.48 
require that all NPDES permits specify requirements for recording and reporting 
monitoring results. Water Code sections 13267 and 13383 authorize the San Diego 
Water Board to require technical and monitoring reports. The Monitoring and Reporting 
Program described in Attachment E of this Order establishes monitoring and reporting 
requirements to implement federal and State requirements. Sediment monitoring 
requirements have been revised from previous requirements based on the Sediment 
Quality Plan. 
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T. Standard and Special Provisions. Standard Provisions, which apply to all NPDES 
permits in accordance with 40 CFR 122.41, and additional conditions applicable to 
specified categories of permits in accordance with 40 CFR 122.42, are provided in 
Attachment D. The Discharger must comply with all standard provisions and with those 
additional conditions that are applicable under 40 CFR 122.42. The San Diego Water 
Board has also included in this Order special provisions applicable to the Discharger. A 
rationale for the special provisions contained in this Order is provided in the attached 
Fact Sheet (Attachment F). 

U. Pollution Prevention Plan. Section 13263.3 of the Water Code provides that pollution 
prevention should be the first step in the hierarchy for reducing pollution and managing 
wastes. Water Code section 13263.3 (d)(1 )(D) provides that the San Diego Water 
Board may require a Discharger to complete and implement a pollution prevention plan 
if the San Diego Water Board determines that pollution prevention is necessary to 
achieve a water quality objective. The results of a reasonable potential analysis 
detailed in the Fact Sheet of this Order (Attachment F) indicate the Discharge has 
reasonable potential to exceed water quality objectives for cadmium, copper, lead, 
mercury, nickel, silver, and zinc, and that pollution prevention is necessary to achieve 
water quality objectives for these constituents. This Order requires the Discharger to 
develop and implement a pollution prevention plan for cadmium, copper, nickel, silver, 
and zinc to help reduce pollutants in the wastewaters to levels below water quality 
criteria and obtain consistent compliance with effluent limitations. 

V. Provisions and Requirements Implementing State Law. Some of the provisions and 
requirements in section VI.A.2. of this Order are included to implement State law only. 
These provisions and requirements are not required or authorized under the federal 
CWA; consequently, violations of these provisions and requirements are not subject to 
the enforcement remedies that are available for NPDES violations. 

W. Executive Officer Delegation of Authority. The San Diego Water Board by prior 
resolution has delegated all matters that may legally be delegated to its Executive 
Officer to act on its behalf pursuant to Water Code section 13223. Therefore, the 
Executive Officer is authorized to act on the San Diego Water Board's behalf on any 
matter within this Order unless such delegation is unlawful under Water Code 
section13223 or this Order explicitly states otherwise. 

X. Notification of Interested Parties. The San Diego Water Board has notified the 
Discharger and interested agencies and persons of its intent to prescribe Waste 
Discharge Requirements for the discharge and has provided them with an opportunity to 
submit their written comments and recommendations. Details of notification are 
provided in the Fact Sheet (Attachment F) of this Order. 

Y. Consideration of Public Comments. The San Diego Water Board, in a public 
meeting, heard and considered all comments pertaining to the discharge. Details of the 
Public Hearing are provided in the Fact Sheet (Attachment F) of this Order. 

Findings 19 



UNITED STATES DEPARTMENT OF THE NAVY 
NAVAL BASE SAN DIEGO COMPLEX 

ORDER NO. R9-2013-0064 
NPDES NO. CA0109169 

THEREFORE, IT IS HEREBY ORDERED, that this Order supersedes Order No. R9-2002-
0169 and Order No. R9-2003-0265 except for enforcement purposes, and, in order to meet the 
provisions contained in division 7 of the Water Code (commencing with section 13000) and 
regulations adopted thereunder, and the provisions of the CWA and regulations and guidelines 
adopted thereunder, the Discharger shall comply with the requirements in this Order. 

Ill. DISCHARGE PROHIBITIONS 

A. The dumping, deposition or discharge of the following wastes directly into waters of the 
US, including but not limited to San Diego Bay, Chollas Creek, Paleta Creek, and the 
San Diego River, or adjacent to such waters in any manner which may permit its being 
transported into the waters is prohibited: 

1. paint chips; 

2. blasting materials; 

3. paint over spray; 

4. paint spills; 

5. water contaminated with abrasive blast materials, paint, oils, fuels, lubricants, 
solvents, or petroleum; 

6. hydro-blast water; 

7. tank cleaning water from tank cleaning to remove sludge and/or dirt; 

8. clarified water from oil and water separator, except for storm water discharges 
treated by an oil and water separator and having coverage under this Order; 

9. steam cleaning water; 

10.pipe and tank hydrostatic test water, unless regulated by an NPDES permit; 

11. saltbox water; 

12. hydraulic oil leaks and spills; 

13. fuel leaks and spills; 

14. trash; 

15. refuse and rubbish including but not limited to cans, bottles, paper, plastics, 
vegetable matter or dead animals; 

16. fiberglass dust; 

17. swept materials; 

18. ship repair and maintenance activity debris; 

19. waste zinc plates; 

20. demineralizer and reverse osmosis brine; and 

21. oily bilge water. 
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B. All discharges regulated under this Order shall comply with discharge prohibitions 
contained in the San Diego Water Board's Basin Plan and other applicable statewide 
water quality control plans described in the Findings of this Order. The San Diego 
Water Board's Basin Plan Waste Discharge Prohibitions are hereby incorporated in this 
Order by reference as if fully set forth herein and are listed in Attachment J to this 
Order. 

C. Discharges of wastes to waters of the US, including but not limited to San Diego Bay, 
Chollas Creek, Paleta Creek, and the San Diego River, are prohibited except as 
specifically authorized by this Order or in a manner or location specifically described in 
this Order or another NPDES permit. This prohibition does not apply to non-contact 
cooling water and miscellaneous low volume water streams which comply with the 
requirements of this Order for elevated temperature waste discharges and which do not 
contain pollutants or waste other than heat. 

D. Except as provided in Non-Storm Water Specification IV.G of this Order or as otherwise 
regulated by this Order, discharges of liquids or materials other than storm water (i.e. 
non-storm water discharges) either directly or indirectly to waters of the US, including 
but not limited to San Diego Bay, Chollas Creek, Paleta Creek, and the San Diego 
River, are prohibited. Non-storm water discharges that are not authorized under section 
IV.G of this Order or by separate NPDES permit are prohibited. 

E. The discharge of the first % inch of storm water runoff from all areas designated as 
Industrial High Risk areas under section IV.B.1 d of this Order is prohibited, except if the 
pollutants in the discharge are reduced to levels that comply with the effluent limitations 
in section IV. C. Effluent limitations contained in section IV.C remain applicable to 
discharges after the first% inch of storm water runoff has been discharged or contained 
on-site. 

F. The discharge of materials of petroleum origin in sufficient quantities to be visible is 
prohibited. 

G. Discharges to waters of the US, including but not limited to San Diego Bay, Chollas 
Creek, Paleta Creek, and the San Diego River containing a hazardous substance equal 
to or in excess of a reportable quantity listed in 40 CFR Part 117 and/or CFR Part 302 
are prohibited. 
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IV. EFFLUENT LIMITATIONS AND DISCHARGE SPECIFICATIONS 

A. Effluent Limitations for Industrial Process Wastewater 

1. Effluent Limitations for Steam Condensate- Discharge Point Nos. SC-001 through 
SC-175 

The Discharger shall maintain compliance with the following effluent limitations at 
Discharge Point Nos. SC-001 through SC-175, with compliance measured at 
Monitoring Location Nos. SC-001 through SC-175 as described in Monitoring and 
Reporting Program (MRP), Attachment E of this Order: 

Table 8. Effluent Limitations For Steam Condensate- Discharge Point Nos. SC-001 
through SC-175 

Effluent Limitations 
Parameter Units Average Weekly Maximum Instantaneous Instantaneous Monthly 

Monthly Average Daily Minimum Maximum Median 
Conventional Pollutants 
Total 
Suspended mg/L 60 -- -- -- --
Solids 
Oil and Grease mg/L 25 40 -- -- 75 
pH pH units -- -- -- 7.0 9.0 
Priority Pollutants 
Copper, Total 

IJg/L 2.9 5.8 
Recoverable -- -- --

Lead, Total 
1-19/L 7.0 14.0 

Recoverable -- -- --

Mercury, Total 
1-19/L 0.051 0.102 

Recoverable -- -- --

Zinc, Total 
1-19/L 47.4 95.1 

Recoverable 
-- -- --

Non-Conventional Pollutants 
Settleable 

mi/L 1.0 1.5 3.0 
Solids 

-- --

Turbidity NTU 75 100 -- -- 225 
Chronic 

Pass/Fail a 

Toxicity 
-- -- -- --

a. Compliance with the Maximum Daily Effluent Limitation and Monthly Median Effluent Limitation shall be 
based on the procedures specified in section V of the MRP. 
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2. Effluent Limitations for Naval Graving Dock Deflooding and Salt Water Rinse Water 
-Discharge Point Nos. NGD-001 and NGD-002 

The Discharger shall maintain compliance with the following effluent limitations for 
graving dock deflooding water and salt water rinse water at Discharge Point Nos. 
001 and 002, with compliance measured at Monitoring Location Nos. NGD-001 and 
NGD-002 as described in the MRP, Attachment E of this Order: 

Table 9. Effluent Limitations for Graving Dock Deflooding Water and Salt Water Rinse 
Water- Discharge Point Nos. NGD-001 and NGD-002 

Effluent Limitations 
Parameter Units Average Weekly Maximum Instantaneous Instantaneous Monthly 

Monthll Average Daily Minimum Maximum Median 
Conventional Pollutants 
Total --

Suspended mg/L 60 -- -- -- --
Solids 
Oil and mg/L 25 40 75 --
Grease 

-- --

pH pH units -- -- -- 7.0 9.0 --
Priority Pollutants 
Copper, 
Total IJg/L -- -- 13.8 -- -- --
Recoverable 
Non-Conventional Pollutants 
Settleable mi/L 1.0 1.5 3.0 --
Solids -- --

Turbidity NTU 75 100 -- -- 225 --
Chronic Pass/ a a 

-- -- --
Toxicity Fail 

a. Compliance w1th the Max1mum Dally Effluent L1m1tatJon and Monthly Median Effluent LJmJtatJon shall be based 
on the procedures specified in section V of the MRP, Attachment E, of this Order. 

b. The Average Monthly Effluent Limitation only applies if there is a discharge more than one day in a 30 day 
period or if there is no other effluent limitation for the parameter. 
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3. Effluent Limitations for Naval Graving Dock Caisson Ballast Dewatering - Discharge 
Point No. NGD-003 

The Discharger shall maintain compliance with the following effluent limitations for 
caisson ballast dewatering at Discharge Point No. NGD-003, with compliance 
measured at Monitoring Location No. NGD-003 as described in the MRP, 
Attachment E of this Order: 

Table 10. Effluent Limitations for Caisson Ballast Dewatering- Discharge Point No. 

a. 

b. 

NGD-003 

Effluent Limitations 
Parameter Units Average Weekly Maximum Instantaneous Instantaneous Monthly 

Monthlyb Average Daily Minimum Maximum Median 
Conventional Pollutants 
Total 
Suspended mg/L 60 -- -- -- -- --
Solids 
Oil and 

mg/L 25 40 75 Grease 
-- -- --

pH pH units -- -- -- 7.0 9.0 --
Priority Pollutants 
Cadmium, 
Total JJg/L 7.7 -- 15.4 -- -- --
Recoverable 
Copper, 
Total JJg/L -- -- 13.8 -- -- --
Recoverable 
Nickel, Total 

JJg/L 6.8 13.6 Recoverable 
-- -- -- --

Silver, Total 
JJg/L 1.1 2.2 --

Recoverable 
-- -- --

Zinc, Total 
JJg/L 47.4 -- 95.1 -- -- --

Recoverable 
Non-Conventional Pollutants 
Settleable 

milL 1.0 1.5 3.0 --
Solids -- --

Turbidity NTU 75 100 -- -- 225 --
Chronic Pass/ a 

a -- -- -- --Toxicity Fail 
Compliance with the Maximum Daily Effluent Limitation and Monthly Median Effluent L1m1tat1on shall be based 
on the procedures specified in section V of the MRP, Attachment E, of this Order. 
The Average Monthly Effluent Limitation only applies if there is a discharge more than one day in a 30 day 
period or if there is no other effluent limitation for the parameter. 
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4. Effluent Limitations for Naval Graving Dock Emergency Fire Suppression Water and 
Salt Water Supply - Discharge Point No. NGD-004 

The Discharger shall maintain compliance with the following effluent limitations for 
emergency fire suppression water and salt water supply water at Discharge Point 
No. 004, with compliance measured at Monitoring Location No. NGD-004 as 
described in the MRP, Attachment E of this Order: 

Table 11. Effluent Limitations for Emergency Fire Suppression Water and Salt Water 
Supply Water- Discharge Point No. NGD-004 

Effluent Limitations 
Parameter Units Average Weekly Maximum Instantaneous Instantaneous Monthly 

Monthll Average Daily Minimum Maximum Median 
Conventional Pollutants 
Total 

a. 

b. 

Suspended mg/L 60 -- -- -- -- --

Solids 
Oil and 

mg/L 25 40 75 Grease 
-- -- --

pH pH units -- -- -- 7.0 9.0 --
Priority Pollutants 
Copper, 
Total j.Jg/L -- -- 13.8 -- -- --
Recoverable 
Nickel, Total 

j.Jg/L 6.8 -- 13.6 -- -- --
Recoverable 
Silver, Total j.Jg/L 1.1 -- 2.2 -- --
Recoverable 

--

Zinc, Total 
j.Jg/L 47.4 95.1 -- --

Recoverable 
-- --

Non-Conventional Pollutants 
Settleable 

milL 1.0 1.5 3.0 
Solids 

-- -- --

Turbidity NTU 75 100 -- -- 225 --
Chronic Pass/ a a -- -- -- --
Toxicity Fail 

Compliance w1th the Max1mum Daily Effluent Limitation and Monthly Median Effluent Limitation shall be based 
on the procedures specified in section V of the MRP, Attachment E, of this Order. 
The Average Monthly Effluent Limitation only applies if there is a discharge more than one day in a 30 day 
period. 

Effluent Limitations and Discharge Specifications 25 



UNITED STATES DEPARTMENT OF THE NAVY 
NAVAL BASE SAN DIEGO COMPLEX 

ORDER NO. R9-2013-0064 
NPDES NO. CA0109169 

B. Storm Water Risk Level Designations 

1. Storm Water Risk Level Designation Definitions: 

a. Small Municipal (Military Base) Separate Storm Sewer System (MS4) Areas. 
Areas where no industrial activities occur. Areas designated as "Small MS4 
Areas" shall be subject to the technology-based standard of maximum extent 
practicable (MEP) and Storm Water Management Program (SWMP) 
requirements contained in section IV.D of this Order. 

b. Industrial No Exposure Areas. Areas where all industrial materials and 
activities are protected by a "storm-resistant shelter"1 to prevent exposure to rain, 
snow, snowmelt, and/or runoff. Industrial materials and activities include, but are 
not limited to, material handling2 equipment or activities, industrial machinery, 
raw materials, intermediate products, by-products, final products, or waste 
products. 

c. Industrial Low Risk Areas. All areas where wastes or pollutants from industrial 
activities are subject to precipitation, run-on, and/or runoff and which are not 
classified as Industrial No Exposure Areas or Industrial High Risk Areas. 

d. Industrial High Risk Areas. All areas where wastes or pollutants of significant 
quantities from ship construction, modification, repair, and maintenance activities 
(including abrasive blast grit material, primer, paint, paint chips, solvents, oils, 
fuels, sludges, detergents, cleansers, hazardous substances, toxic pollutants, 
non-conventional pollutants, materials of petroleum origin, or other substances of 
water quality significance) are subject to precipitation, run-on, and/or runoff. 

2. Annual Storm Water Risk Level Designation Report. Annually, the Discharger 
shall conduct a complete and thorough survey of the Facility to identify and 
categorize all areas and the associated storm water drainage system(s) and 
outfall(s) (i.e. discharge point(s)) in accordance with the risk level designations. 
Storm water drainage systems and outfalls that receive storm water runoff from 
areas that have multiple risk levels shall be designated as having the highest risk 
level occurring in that area. The Discharger shall prepare and submit an Annual 

1 "Storm-resistant shelters" include completely roofed and walled buildings or structures. They also include 
structures with only a top cover supported by permanent supports but with no side coverings provided material 
within the structure is not subject to wind dispersion (sawdust, powders, etc.), track-out, and there is no storm 
water discharged from within the structure that has come into contact with any materials. 

2 "Industrial materials and handling activities include the storage, loading and unloading, transportation, or 
conveyance of any raw material, intermediate product, final product, or waste product. 
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Storm Water Risk Level Designation Report by September 1 of each year containing 
the results of the surveys conducted in the previous July 1 through June 30 including 
the following information: 

a. Master List. An updated master list of all facility discharge locations containing 
discharge point identification numbers, summary activity descriptions of the 
drainage area(s) tributary to each discharge point, the storm water risk level 
designation, the longitude and latitude of the outfall location, and the name of the 
receiving water. The current Master Risk Designation List is included as 
Attachment M of this Order and the updated master list shall be in a format 
suitable for the replacement of Attachment M. 

b. Map. A Facility map clearly labeled with (i) storm water discharge points, (ii) 
storm drain systems, features, drainage basin boundaries, and risk level 
designations, and (iii) land uses. The current Storm Water Risk Areas Map is 
included as Attachment B-1 0 of this Order and the updated map shall be in a 
format suitable for the replacement of Attachment B-1 0. 

c. Proposed Revisions. A description of any proposed changes to the (i) storm 
water discharge points, (ii) storm drain systems, features, drainage basin 
boundaries, and risk levels, and (iii) land use designations from the previous 
year. 

3. Annual Storm Water Risk Level Designation Implementation. The Discharger 
shall implement the results of the Annual Storm Water Risk Level Designation 
Report by October 1, unless directed otherwise in writing by the San Diego Water 
Board. The updated Master Storm Water Risk Designation List and Facility Map will 
supersede Attachments M and B-1 0 of this Order except for enforcement purposes, 
and shall become an enforceable condition of this Order on October 1, 2013, unless 
directed otherwise in writing by the San Diego Water Board. The San Diego Water 
Board retains the right to require revisions to the Discharger designated risk levels 
based on relevant evidence, whether direct or circumstantial, including but not 
limited to, evidence in the following categories: 

a. Site characteristics and location in relation to potential sources of a discharge; 

b. Industry-wide operational practices that have led to discharges; 

c. Evidence of poor management of materials or wastes, such as improper storage 
practices or inability to reconcile inventories; 

d. Lack of documentation of responsible management of materials or wastes, such 
as lack of manifests or lack of documentation of proper disposal; 

e. Physical evidence, such as analytical data, soil or pavement staining, or unusual 
odor or appearance; 
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f. Reports and complaints; 

g. Other agencies' records of possible or known discharges; and 

h. Refusal or failure to respond to San Diego Water Board inquires. 

4. Storm Water Risk Level Inspections. The Discharger shall conduct periodic 
inspections throughout the year to ensure that storm water risk level designations 
remain applicable and on-site operations have not changed sufficiently to warrant a 
revised risk level. These inspections may be conducted simultaneously with 
inspections conducted pursuant to other sections of this Order. If at any time the 
Discharger identifies a necessary revision to an area's risk level, the Discharger 
shall implement BMPs and other requirements of the area's new risk level by the 
next storm event, unless additional time is approved by the San Diego Water Board. 
All risk level revisions shall be included in the Annual Storm Water Risk Level 
Designation Report. 

C. Effluent Limitations for Industrial High Risk Storm Water Areas 

Discharges of Industrial High Risk Storm Water to waters of the US from Discharge 
Points specified in Attachment M to this Order shall maintain compliance with the 
Maximum Daily Effluent Limitation (MDEL) for acute toxicity. The MDEL is based on the 
outcome of the Test of Significant Toxicity (TST) approach and the resulting percent 
effect at the lnstream Waste Concentration (IWC). The MDEL is exceeded when a 
toxicity test results in a "fail," and the percent effect is greater than or equal to 0.40 for 
acute toxicity tests in accordance with Compliance Determination, Section VII. of this 
Order. 

D. Small Municipal (Military Base) Separate Storm Sewer System (MS4) Discharge 
Specifications 

1. Pollutant Reduction to MEP. The Discharger shall reduce pollutants in storm 
water discharges from areas, designated under section IV.B.1.a of this Order as 
"Small Municipal (Military Base) MS4 Areas", to the technology-based standard of 
MEP to attain compliance with water quality standards set forth in section V, 
Receiving Water Limitations of this Order. 

2. Storm Water Management Plan (SWMP) Implementation. The Discharger shall 
prepare and submit to the San Diego Water Board, an adequate SWMP no later 
than 18 months following the effective date of this Order. The Discharger shall 
implement the SWMP no later than 24 months following the effective date of this 
Order. The Discharger shall make revisions to the SWMP as necessary or required 
by the San Diego Water Board. The SWMP shall be designed to reduce the 
discharge of pollutants from "Small Municipal (Military Base) MS4 Areas" to the 
technology-based standard of MEP to protect receiving water quality. The SWMP 
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shall serve as the framework for identification, assignment, and implementation of 
measures and BMPs to control Small Municipal (Military Base) MS4 discharges. 
Existing programs that have storm water quality benefits should be identified in the 
SWMP and be a part of the Discharger's storm water program. The SWMP shall at 
a minimum contain the elements described in Attachment L of this Order. 

E. Storm Water Action Levels (SALs) for Discharges to Chollas Creek 

1. The Discharger shall attain compliance with the SALs derived from the Chollas 
Creek TMDL as described in the Fact Sheet and set forth in Table 12 below no later 
than October 22, 2018. Compliance with the SALs shall be measured by calculating 
the flow weighted average concentration for each pollutant in the discharges from 
Discharge Point Nos. NBSD-068, NBSD-070, NBSD-071, NBSD-120, and NBSD-
121. 

FWAC 

Where: 

FWAC = Flow weighted average concentration 
On= Flow rate of discharge at time of sample collection 
Cn =Concentration of chemical in the collected sample 
n = Number of discharge points 

The flow rate for each discharge point is multiplied by the concentration (C) in the 
sample from that discharge point. This sum is divided by the total flow rate for all of 
the discharge points (sum of the flows from Discharge Point Nos. NBSD-068, NBSD-
070, NBSD-071, NBSD-120, and NBSD-121.) 

2. Exceedances of a SAL are not violations of this Order. However, the Discharger is 
required under this Order to affirmatively augment and implement all necessary 
storm water controls and measures to reduce the discharge of the associated class 
of pollutant(s) towards complying with the SAL no later than October 22, 2018. 
Failure to appropriately consider and react to SAL exceedances in an iterative 
manner towards complying with the SAL no later than October 22, 2018, is a 
violation of this Order. 
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Table'12. Storm Water Action Levels for Discharges to Chollas Creek 

a. 

Action Levelsa 
Parameter Units Average Weekly Maximum Instantaneous Instantaneous 

Monthly Average Daily Minimum Maximum 
Priority Pollutants 
Copper, Total 

J..lg/L 27 -- 54 -- --Recoverable 
Lead, Total 

J..lg/L 16 33 --
Recoverable 

-- --

Zinc, Total 
J..lg/L 210 420 -- --

Recoverable 
--

. . .. 
If a stte-spec1f1c and chemtcal-spectftc WER 1s mcorporated 1nto the San Otego Bas1n Plan, these SALs wtll be 
multiplied by the appropriate WER. 

3. By 12 months from the effective date of this Order, the Discharger shall submit a 
SAL Plan to comply with the SALs in Table 12. The SAL Plan shall include an 
evaluation of the source, source control BMPs to be implemented, Low Impact 
Development (LID) BMPs to be implemented, treatment control BMPs to be 
implemented, funding mechanisms, and a time schedule. The SAL Plan shall be 
updated each year in the annual storm water report required by the MRP and shall 
show measureable progress towards achieving compliance with the SALs. 

4. SALs will become numeric effluent limitations on October 22, 2018 in conformance 
with the Waste Load Allocation applicable to NBSD and described in the Chollas 
Creek Metals TMDL. 

F. Industrial Storm Water Discharge Specifications- No Exposure Areas, Industrial 
Low Risk Areas, and Industrial High Risk Areas 

1. Pollutant Reduction to Best Available Technology Economically Achievable 
(BAT) and Best Conventional Pollutant Control Technology (BCT). The 
Discharger shall reduce pollutants in storm water discharges from areas, designated 
under section IV.B.1 of this Order as Industrial No Exposure Areas, Industrial Low 
Risk Areas, and Industrial High Risk Areas to: 

a. Attain the technology-based standards of BAT for toxic and non-conventional 
pollutants, and BCT for conventional pollutants; and 

b. Attain compliance with applicable effluent limitations set forth in section IV, 
Effluent Limitations and Discharge Specifications of this Order, and water quality 
standards set forth in section V, Receiving Water Limitations of this Order. 
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2. Storm Water Pollution Prevention Plan (SWPPP) Requirements 

a. The Discharger shall continue to maintain and implement an effective SWPPP 
designed to reduce or prevent the discharge of pollutants from industrial activities 
conducted in Industrial No Exposure Areas, Industrial Low Risk Areas, and 
Industrial High Risk Areas to the technology-based standards of BAT for toxic 
and non-conventipnal pollutants, and BCT for conventional pollutants. 

b. The SWPPP shall include identification, assignment, and guidance for 
implementation of measures and BMPs to control discharges from industrial 
activities in the Industrial No Exposure, Industrial Low Risk and Industrial High 
Risk Areas of the NBSD. The BMPs and measures shall be selected to achieve 
BAT/BCT and compliance with all receiving water limitations. 

c. At a minimum, the SWPPP shall contain the elements and be implemented in 
accordance with Attachment G of this Order. 

3. Numeric Action Levels (NALs) for Industrial High Risk Areas, Industrial Low 
Risk Areas and Industrial No Exposure Areas 

NALs, found in Table G-1 of Attachment G of this Order, are used as numeric 
thresholds for corrective action. An exceedance of a NAL is not a violation of this 
Order. The Discharger shall implement corrective actions as described below. 

a. NAL Exceedance Determination Method 

1. Annual NAL Exceedance. The Discharger shall determine the average 
concentration for each parameter using the results of all the sampling and 
analytical results for the entire facility for the reporting year (i.e., all "effluent" 
data) and compare this to the corresponding annual NAL values in Table G-1. 
For Dischargers using composite sampling or flow-weighted measurements in 
accordance with standard practices, the average concentrations shall be 
calculated in accordance with the USEPA Industrial Stormwater Monitoring 
and Sampling Guide. 3 An annual NAL exceedance occurs when the average 
of all the analytical results for a parameter from samples taken within a 
reporting year exceeds an annual NAL value for that parameter listed in Table 
G-1 (or is outside the NAL pH range). The Discharger has the option of 
calculating the flow weighted average concentration for all discharge effluent 
data for the entire facility in the same manner as section IV.E of this Order to 
compare the corresponding annual NAL values in Table G-1; 

3 USEPA. "Industrial Stormwater Monitoring and Sampling Guide." March 2009. EPA 832-B-09-003 Web 27 
February 2013. <http://www.epa.gov/npdes/pubs/msgp_monitoring_guide. pdf>. 
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11. Instantaneous Maximum NAL Exceedance. The Discharger shall compare 
all sampling and analytical results from each distinct sample (individual or 
combined) to the corresponding instantaneous maximum NAL values in Table 
G-1. An instantaneous maximum NAL exceedance occurs when two or more 
analytical results for TSS, oil and grease, or pH from samples taken within a 
reporting year exceed the instantaneous maximum NAL value (or is outside 
the NAL pH range). 

iii. Exceedances of the Annual NAL or Instantaneous Maximum NAL are not a 
violation of this Order. 

b. NAL Exceedance Response Actions (ERAs) 

1. Baseline Status - No Exceedance 

a) The Discharger will automatically be placed in Baseline status at the 
beginning of the permit term. 

b) The Discharger with Level 1 or Level 2 (defined below) status will return to 
Baseline status upon eight (8) consecutive qualifying storm events 
resulting in no additional NAL exceedances. 

c) The Discharger with Level 2 status will return to Baseline status upon 
certifying and submitting a Demonstration Technical Report pursuant to 
section X.B of Attachment G subject to San Diego Water Board review. 

ii. Level 1 Status - Operational Source Control 

a) In the event that sampling results indicate a NAL exceedance, the 
Discharger shall immediately have Level 1 status for any and all 
parameters exceeded. 

b) Within 60 days of obtaining Level 1 status, Dischargers shall complete an 
evaluation of the facility's SWPPP and all the industrial pollutant sources 
at the facility. The evaluation shall identify whether additional operational 
source control BMPs and/or SWPPP implementation measures are 
necessary to prevent or reduce all industrial pollutants in industrial storm 

. water discharges in compliance with BAT/BCT. This evaluation shall not 
be limited to the parameter(s) exceeding a NAL(s). 

c) Based upon the above evaluation, the Discharger shall, as soon as 
practicable, but no later than October 1 of the following reporting year: 

1) Implement any additional operational and/or source control BMPs and 
SWPPP implementation measures; 

2) Revise the SWPPP; 
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3) Submit a NAL Level 1 Exceedance Report which includes the following 
items for each parameter that exceeded an NAL: 

(a) A summary of the Level 1 evaluation required in section 
IV.F.3.c.ii.b); 

(b) An implementation schedule and detailed description for additional 
operational and/or source control BMPs and SWPPP revisions for 
each parameter that exceeded a NAL; and 

(c) An implementation schedule and general description for additional 
operational and/or source control BMPs and SWPPP revisions for 
any other industrial pollutants identified in the Level 1 ERA 
evaluation. 

iii. Level 2 Status -Treatment I Structural Control 

a) A Discharger's Level 1 status for any parameter(s) immediately and 
automatically changes to Level 2 status for the same parameter(s) if 
sampling results indicate a NAL exceedance in any subsequent reporting 
year for the same parameter(s). 

b) The Discharger with Level 2 status shall evaluate the facility's SWPPP 
and all the pollutant sources that may have contributed to the NAL 
exceedance(s) and identify whether additional structural and/or treatment 
control BMPs are necessary to prevent or reduce the industrial pollutants 
that exceeded the NAL(s) in industrial storm water discharges in 
compliance with BAT/BCT. The Discharger may limit this evaluation to the 
parameter(s) exceeding the NAL(s). 

c) The Discharger shall prepare, certify, and submit a NAL Level 2 
Exceedance Report within 120 days of obtaining Level 2 status which 
shall include: 

1) Results of the Level 2 ERA evaluation required in section IV.F.3.b.iii.b); 
2) A detailed description of any additional structural and/or treatment 

control BMPs and SWPPP revisions for each parameter that exceeded 
aNAL; 

3) The implementation schedule for the design and construction of the 
identified treatment and/or structural source control BMPs; and 

4) If the Discharger intends to certify and submit a Demonstration 
Technical Report pursuant to section X.B of Attachment Gin lieu of 
additional structural and/or treatment control BMPs and SWPPP 
revisions for each parameter that exceeded a NAL, the Discharger 
shall certify and submit a schedule and a detailed description of the 
tasks required to complete the Demonstration Technical Report. 
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d) Based upon the above evaluation and Level 2 ERA Exceedance Report, 
the Discharger shall, as soon as practicable, but no later than one year 
from obtaining Level 2 status: 

1) Implement any additional structural and/or treatment control BMPs and 
SWPPP implementation measures; 

2) Revise the SWPPP; and 
3) Complete the Demonstration Technical Report, if applicable. 

e) At any time in Level 2 status, the Discharger may evaluate industrial 
pollutant sources, the SWPPP, non-industrial pollutant sources, and the 
impact of storm water discharges to receiving waters, and prepare a Level 
2 ERA Demonstration Technical Report supporting a BAT/BCT 
Compliance Demonstration or Non-Industrial Pollutant Demonstration or 
Natural Background Demonstration as detailed in section X.B of 
Attachment G of this Order. A Demonstration Technical Report may 
address one or more pollutants and/or drainage areas. 

f) Once a Demonstration Technical Report is submitted, the Discharger 
automatically returns to Baseline status for that pollutant for NALIERA 
purposes. If a BAT/BCT Compliance Demonstration Technical Report is 
submitted, the Discharger remains responsible for compliance with 
receiving water limitations for the discharge identified in the 
demonstration. If a Non-Industrial Source Pollutant Demonstration 
Technical Report is submitted, the Discharger remains responsible for 
compliance with BAT/BCT and receiving water limitations for the 
discharge identified in the demonstration. If a Natural Background 
Demonstration Technical Report is submitted, the Discharger is not 
responsible for the identified parameter(s) in the drainage area(s) in the 
Demonstration Technical Report. 

g) The San Diego Water Board may review any Level 2 Exceedance Report 
or Demonstration Technical Report or other reporting requirements. Upon 
review of a Level 2 Exceedance Report or Demonstration Technical 
Report, the San Diego Water Board may reject the report and/or direct the 
Discharger to take further action(s) to comply with this Order. 
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iv. Design Storm Standards for Treatment Control BMPs 

All treatment control BMPs employed by the Discharger shall be designed to 
comply with minimum design storm standards as follows: 

a) Volume-based BMPs: The Discharger shall, at a minimum, design 
volume-based, treatment control BMPs to effectively treat the storm water 
volume generated from the 85th percentile 24-hour storm event. The 
Discharger shall calculate4 the volume to be treated using one of the 
following methods: 

1) The volume of runoff produced from an 85th percentile storm event. 
lsopluvial maps for the 85th percentile storm event are available on the 
internet; 

2) The volume of runoff produced by the 85th percentile storm event, 
determined as the maximized capture runoff volume for the facility, 
from the formula recommended in the Water Environment Federation's 
Manual of Practice5

; or 
3) The volume of annual runoff based on unit basin storage volume, to 

achieve 90% or more volume treatment by the method recommended 
in the latest edition of California Stormwater Best Management 
Practices Handbook6

. 

b) Flow-based BMPs: Storm water flow-based BMPs shall be designed to 
treat an hourly flow of no less than two times the maximum hourly flow of 
an 851

h percentile 24-hour storm. The Discharger shall calculate the flow 
needed to be treated using one of the following methods: 

1) The maximum flow rate of runoff produced from a rainfall intensity of 
0.2 inch/hr for each hour of a storm event; 

2) The maximum flow rate of runoff produced by the 85th percentile 
hourly rainfall intensity, as determined from local historical rainfall 
records, multiplied by a factor of two; or 

4 All hydrologic calculations shall be certified by a California licensed professional engineer in accordance with the 
Professional Engineers Act (Bus. & Prof. Code§ 6700, et seq). 

5 Water Environment Federation (WEF). Manual of Practice No. 23 ASCE Manual of Practice No. 87, pg. 175 
Equation 5.2 (1998). 

6 California Stormwater Quality Association. Stormwater Best Management Practice New Development and 
Redevelopment Handbook. Web. 28 February 2013. <http://www.cabmphandbooks.com/Development.asp>. 
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3) The maximum flow rate of runoff, as determined using local historical 
rainfall records, that achieves approximately the same reduction in 
pollutant loads and flows as achieved by mitigation of the 85th 
percentile hourly rainfall intensity multiplied by a factor of two. 

c) In lieu of complying with the design storm standards for treatment control 
BMPs in this section, the Discharger may certify and submit a BAT/BCT 
Compliance Demonstration Technical Report (section X.B of Attachment 
G of this Order). 

d) The San Diego Water Board may revise the treatment design storm 
standard provided in this Order in writing based upon sampling data 
indicating that a revised design storm standard would be protective of 
water quality, or based upon the San Diego Water Board's determination 
that the treatment technology associated with the revised design storm 
standard meets BAT/BCT. 

v. BMP Implementation Extension Report (BIER) 

a) The Discharger may document the need for additional time to implement 
treatment and/or structural control BMPs required under ERA Level 2 
and/or to complete a Demonstration Technical Report by certifying and 
submitting a BIER. The BIER shall include the following items, as 
applicable: 

1) Reasons for the time extension; 
2) A description and a schedule for implementing any BMPs subject to 

the BIER; 
3) A description of any additional operational source controls and/or 

temporary treatment/structural controls that will be implemented while 
permanent BMPs are being constructed; and 

4) A description and schedule for completing specific tasks necessary to 
support the Demonstration Technical Report. 

b) The San Diego Water Board may review BIERs for completeness and 
adequacy. The San Diego Water Board may reject a BIER, identify 
additional tasks necessary to complete the Demonstration Technical 
Report, require the Discharger to implement additional temporary BMPs, 
or revise the time allowed to construct and/or implement the BMPs. 
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1. Non-Storm Water Discharges. The following categories of non-storm water 
discharges from Small MS4s are authorized under this Order unless the Discharger 
or the San Diego Water Board identifies the discharge category as a significant 
source of pollutants to waters of the US as provided in section IV.G.3 below: 

a. Diverted stream flows; 

b. Rising ground waters; 

c. Uncontaminated ground water infiltration [as defined at 40 CFR 35.2005(20)] to 
MS4s; 

d. Uncontaminated pumped ground water, foundation drains, crawl space pumps 
and, footing drain discharges not subject to NPDES Permit No. CAG919001, 
(General Waste Discharge Requirements for Discharges from Temporary 
Groundwater Extraction and Similar Waste Discharges to San Diego Bay, 
Tributaries Thereto under Tidal Influence, and Storm Drains or Other 
Conveyance Systems Tributary Thereto); 

e. Springs; 

f. Drinking fountain water and emergency eye wash water; 

g. Atmospheric condensate including refrigeration, air conditioning and compressor 
condensate; 

h. Flows from riparian habitats and wetlands; 

i. Discharges from potable water sources not subject to NPDES Permit No. 
CAG679001 (General Waste Discharge Requirements for Discharges of 
Hydrostatic Test Water and Potable Water to Surface Waters and Storm Drains 
or Other Conveyance Systems); 

j. Individual residential car washing; 

k. Dechlorinated swimming pool discharges excluding saline swimming pool 
discharges; 

I. Seawater infiltration where the seawater is discharged back into the seawater 
source; 

m. Building fire suppression system maintenance discharges (e.g. sprinkler line 
flushing) not otherwise regulated by this Order; and 

n. Non-storm water discharges explicitly authorized elsewhere in this Order. 
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2. Conditions for Authorized Non-storm Water Discharges. The non-storm water 
discharges identified in section IV.G.1 above are authorized by this Order only if all 
of the following conditions are satisfied: 

a. The non-storm water discharges are not in violation of any San Diego Water 
Board requirement; 

b. The non-storm water discharges are not in violation of any municipal or federal 
agency ordinance or requirement; 

c. BMPs are included in the SWMP for MS4 areas and in the SWPPP for industrial 
areas that are designed to: 

i. prevent or reduce the contact of non-storm water discharges with significant 
materials or equipment; and 

11. minimize, to the extent practicable, the flow or volume of non-storm water 
discharges; 

d. The non-storm water discharges do not contain quantities of pollutants that may 
cause or contribute to an exceedance of a water quality standard(s); 

e. The non-storm water discharges and identified sources in industrial areas are 
visually inspected quarterly in accordance with the SWPPP to erisure adequate 
BMP implementation and effectiveness; and 

f. The non-storm water discharges from Industrial Low Risk and Industrial High 
Risk Areas are reported in the Annual Report required under section IX.C of the 
MRP. 

3. Identification of Non-Storm Water Significant Sources of Pollutants. Where the 
Discharger or the San Diego Water Board identifies a category as a significant 
source of pollutants, the category must be addressed as an illicit discharge and 
prohibited through ordinance, order, or similar means unless the discharge is from a 
non-anthropogenic source. For a non-anthropogenic source determined to be a 
significant source of pollutants, the Discharger must either prohibit the discharge 
category or develop and implement appropriate control measures to prevent the 
discharge of pollutants to the MS4. 

4. Fire Fighting Discharges. Emergency fire-fighting flows (i.e., flows necessary for 
the protection of life or property) do not require BMPs and need not be prohibited. 
This does not include relief water from the emergency fire suppression system 
discharged through Discharge Point No. NGD-004. 
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5. Non-Fire Fighting Discharges. As part of the SWMP, the Discharger must develop 
and implement a program to address pollutants from non-emergency fire fighting 
flows (i.e., flows from controlled or practice blazes and maintenance activities) which 
are hereby identified as significant sources of pollutants to waters of the US. 

6. Utility Vault & Manhole Dewatering Discharges. The Discharger shall reduce or 
prevent pollutants associated with utility vault & manhole dewatering discharges 
through implementation of BAT for toxic and non-conventional pollutants, and BCT 
for conventional pollutants. 

7. Seawater Cooling and Overboard Discharge. To reduce the production and 
discharge of seawater cooling overboard discharges when vessels are in dry dock, 
the Discharger shall consider, and if practical and feasible, implement the use of 
shore-based power for vessels in dry dock if: 

a. Shore power is readily available for vessel owner/operators from utilities or port 
. authorities; 

b. Shore-based power supply systems are capable of providing all needed 
electricity required for vessel operations; and 

c. The vessel is equipped to connect to shore-based power and such systems are 
compatible with the available shore power. 

8. Incidental Runoff from Landscaped Areas. Incidental runoff is defined as 
unintended amounts (volume) that escapes the area of intended use. Incidental 
runoff, not controlled by the following requirements, is prohibited: 

a. Detect leaks (e.g. broken sprinkler heads) and correct the leaks within 72 hours 
of learning of the leak; 

b. Properly design and aim sprinkler heads; and 

c. Eliminate irrigation during precipitation events. 

V. RECEIVING WATER LIMITATIONS 

A. The receiving water limitations set forth below for waters of the US within the San Diego 
Region are based on applicable water quality standards contained in water quality 
control plans and policies and federal regulations and are a required part of this Order. 
The discharges of waste regulated under this Order shall not cause or contribute to 
violations of these receiving water limitations. 

1. The San Diego Water Board's Basin Plan, including beneficial uses, water quality 
objectives, and implementation plans; 
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2. State Water Board water quality control plans and policies including the: 

a. Thermal Plan; 

b. Bays and Estuaries Policy; 

c. State Implementation Policy; 

d. Sediment Quality Policy; 

e. Ocean Plan; and 

f. Antidegradation Policy (State Water Board Resolution No. 68-16). 

3. Priority pollutant criteria promulgated by the USEPA through the: 

a. NTR7 (promulgated on December 22, 1992 and amended on May 4, 1995); and 

b. CTR. 8
'
9 

B. Discharges from the Facility shall not by itself or jointly with any other discharge(s) 
cause or contribute to violations of the following receiving water limitations: 

1. Physical Characteristics 

a. Waters shall not contain oils, greases, waxes, or other materials in 
concentrations which result in a visible film or coating on the surface of the water 
or on objects in the water, or which cause nuisance or which otherwise adversely 
affect beneficial uses. [Basin Plan] 

b. The discharge of waste shall not cause aesthetically undesirable discoloration of 
the bay surface. [Ocean Plan- BPJ] 

c. Natural light shall not be significantly reduced as the result of the discharge of 
waste. [Ocean Plan- BPJ] 

7 40 CFR 131.36 
8 65 Federal Register 31682-31719 (May 18, 2000), adding Section 131.38 to 40 CFR 
9 If a water quality objective and a CTR criterion are in effect for the same priority pollutant, the more stringent of 
the two applies. 
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d. The rate of deposition of inert solids and the characteristics of inert solids in bay 
sediments shall not be changed such that benthic communities are degraded. 
[Ocean Plan- BPJ] 

e. Waters shall not contain floating material, including solids, liquids, foams, and 
scum in concentrations which cause nuisance or adversely affect beneficial uses. 
[Basin Plan] 

f. The suspended sediment load and suspended sediment discharge rate of 
surface waters shall not be altered in such a manner as to cause nuisance or 
adversely affect beneficial uses. [Basin Plan] 

g. Waters shall not contain suspended and settleable solids in concentrations of 
solids that cause nuisance or adversely affect beneficial uses. [Basin Plan] 

h. Waters shall not contain taste or odor producing substances at concentrations 
which cause a nuisance or adversely affect beneficial uses. [Basin Plan] 

i. Waters shall be free of changes in turbidity that cause nuisance or adversely 
affect beneficial uses. In addition, within San Diego Bay, the transparency of bay 
waters, insofar as it may be influenced by any controllable factor, either directly 
or through induced conditions, shall not be less than 8 feet in more than 20 
percent of the readings in any zone, as measured by a standard Secchi disk. 
Wherever the water is less than 10 feet deep, the Secchi disk reading shall not 
be less than 80 percent of the depth in more than 20 percent of the readings in 
any zone. [Basin Plan] 

j. The discharge of waste shall not cause the temperature of the receiving water to 
be altered in a manner that adversely impacts beneficial uses. [Thermal Plan -
Existing Dischargers] 

2. Chemical Characteristics 

a. The pH shall not be changed at any time more than 0.2 units from that which 
occurs naturally. The pH shall not be depressed below 7.0 nor raised above 9.0. 
[Basin Plan] 

b. The dissolved sulfide concentration of waters in and near sediments shall not be 
significantly increased above that present under natural conditions. [Ocean Plan
BPJ] 

c. The dissolved oxygen concentration shall not at any time be less than 5.0 mg/L. 
The annual mean dissolved oxygen concentration shall not be less than 7 mg/L 
more than 10 percent of the time. [Basin Plan] 
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d. The concentration of organic materials in marine sediments shall not be 
increased to levels which would degrade marine life. [Ocean Plan- BPJ] 

e. San Diego Bay waters shall not contain biostimulatory substances in 
concentrations that promote aquatic growth to the extent that such growths 
cause nuisance or adversely affect beneficial uses. [Basin Plan] 

f. The discharge of wastes shall not cause concentrations of un-ionized ammonia 
(NH3) to exceed 0.025 mg/L (as N) in San Diego Bay. [Basin Plan] 

g. No individual pesticide or combination of pesticides shall be present in the water 
column, sediments or biota at concentration(s) that adversely affect beneficial 
uses. Pesticides shall not be present at levels which will bioaccumulate in aquatic 
organisms to levels which are harmful to human health, wildlife or aquatic 
organisms. [Basin Plan] 

3. Biological Characteristics 

a. Marine communities, including vertebrate, invertebrate, and plant species, shall 
not be degraded. [Ocean Plan- BPJ] 

b. The natural taste, odor, and color of fish, shellfish, or other marine resources 
used for human consumption shall not be altered. [Ocean Plan- BPJ] 

c. The concentration of organic materials in fish, shellfish or other marine resources 
used for human consumption shall not bioaccumulate to levels that are harmful to 
human health. [Ocean Plan- BPJ] 

4. Radioactivity 

a. Radionuclides shall not be present in concentrations that are deleterious to 
human, plant, animal, or aquatic life nor that result in the accumulation of 
radionuclides in the food web to an extent that presents a hazard to human, 
plant, animal or aquatic life. [Basin Plan] 

b. The radioactivity in the receiving waters shall not exceed limits specified in Title 
17, Division 5, Chapter 4, Group 3, Article 3, Section 32069 of the California 
Code of Regulations. 

5. Toxicity 

a. All waters shall be maintained free of toxic substances in concentrations that are 
toxic to, or that produce detrimental physiological responses in human, plant, 
animal, or aquatic life. Compliance with this objective will be determined by use 
of indicator organisms, analyses of species diversity, population density, growth 
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anomalies, bioassays of appropriate duration, or other appropriate methods as 
specified by the Regional Board. [Basin Plan] 

b. Pollutants in sediments shall not be present in quantities that, alone or in 
combination, are toxic to benthic communities. [Bays and Estuaries Plan- SQO] 

c. Pollutants shall not be present in sediments at levels that will bioaccumulate in 
aquatic life to levels that are harmful to human health. [Bays and Estuaries Plan
SQO] 

C. Corrective Actions for Receiving Water Limitation Violations. Upon determination 
by the Discharger or written notification by the San Diego Water Board that discharges 
are causing or contributing to an exceedance of Receiving Water Limitations in section 
V.A. and B. of this Order, the Discharger shall implement the following corrective 
actions at a minimum: 

1. Conduct a facility evaluation to determine whether there are pollutant source(s) 
within the Facility and whether BMPs described in the SWPPP, SWMP, BMP Plans, 
Pollution Prevention Plan (PPP), and other requirements of this Order have been 
properly implemented. 

2. Conduct an assessment of the Facility's SWPPP, SWMP, BMP Plans, PPP, and 
other requirements of this Order to determine whether additional BMPs or 
implementation measures are necessary to prevent or reduce pollutants in storm 
water discharges to meet Receiving Water Limitations, section V of this Order. 

3. Prepare a certification, based upon the Facility evaluation and assessment required 
above, that certifies either: 

a. Additional BMPs and/or implementation measures have been identified and 
included in the appropriate plan to meet Receiving Water Limitations, as 
specified in section V of this Order; or 

b. No additional BMPs or implementation measures are required to reduce or 
prevent pollutants in storm water discharges to meet Receiving Water 
Limitations, as specified in section V of this Order; or 

c. There are no sources of the pollutants at the Facility. 

4. If a certification states that no additional BMPs or implementation measures are 
required to reduce or prevent pollutants in storm water discharges to meet Receiving 
Water Limitations specified in section V of this Order, the certification must show 
why the exceedance occurred and why it will not occur again under similar 
circumstance(s). 

5. Implement additional BMPs and corrective measures as soon as is practicable. 
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6. Prepare and submit a report, within 60 days, to the San Diego Water Board that: 

a. Describes the facility evaluation; 

b. Describes the assessment of the SWPPP, SWMP, BMP Plans, PPP, and other 
requirements of this Order; 

c. Identifies the BMPs and corrective actions that are currently being implemented 
to assure compliance with Receiving Water Limitations; 

d. Identifies additional BMPs and corrective actions that will be implemented to 
assure compliance with Receiving Water Limitations with an implementation 
schedule for any additional BMPs or corrective actions not yet implemented; and 

e. Includes the certification required above. The implementation schedule shall not 
exceed 90 days from the date of the determination of the exceedance of 
Receiving Water Limitations as specified in section V of this Order. 

7. Submit any modifications to the report required by the San Diego Water Board within 
30 days of notification. 

8. Within 30 days following submittal of the report or modifications to the San Diego 
Water Board, the Discharger shall revise the SWPPP, SWMP, BMP Plans, PPP, and 
other plans required by this Order and Monitoring Program to incorporate the 
additional BMPs and corrective actions that have been and will be implemented, 
implementation schedule, and any additional monitoring required. 

9. Nothing in this section shall prevent the San Diego Water Board from enforcing any 
provisions of this Order while the Discharger prepares and implements the above 
report. 

VI. PROVISIONS 

A. Standard Provisions 

1. Federal Standard Provisions. The Discharger shall comply with all Standard 
Provisions included in Attachment D of this Order. 

2. San Diego Water Board Standard Provisions. The Discharger shall comply with 
the following provisions: 

a. The Discharger shall comply with all applicable federal, state, and local laws and 
regulations for handling, transport, treatment, or disposal of waste or the 
discharge of waste to waters of the State in a manner which causes or threatens 
to cause a condition of pollution, contamination or nuisance as those terms are 
defined in Water Code 13050. 
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b. This Order expires on October 31, 2018, after which, the terms and conditions of 
this permit are automatically continued pending issuance of a new Order, 
provided that all requirements of USEPA's NPDES regulations at 40 CFR 122.6 
and the State's regulations at CCR Title 23, section 2235.4 regarding the 
continuation of expired Orders and waste discharge requirements are met. 

c. A copy of this Order shall be maintained on-site at the Facility, and shall be 
available to San Diego Water Board, State Water Board, and USEPA personnel 
and/or their authorized representative at all times. 

B. Monitoring and Reporting Program (MRP) Requirements 

1. The Discharger shall comply with the MRP, and future revisions thereto, in 
Attachment E of this Order. 

2. Reports required to be submitted to the San Diego Water Board shall be sent to the 
following address and phone numbers unless the San Diego Water Board office is 
relocated: 

Executive Officer 
California Regional Water Quality Control Board 
San Diego Region 
2375 Northside Drive, Suite 100 
San Diego, CA 92108 

Notifications required to be provided to the San Diego Water Board shall be made 
to: 

Telephone- (619) 516-1990 
Facsimile- (619) 516-1994 

3. After notification by the State Water Board or the San Diego Water Board, the 
Discharger may be required to electronically submit self-monitoring reports. Until 
such time as electronic submission of self-monitoring reports is required, the 
Discharger shall submit discharge monitoring reports (DMRs) in accordance with the 
requirements described further below. 
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DMRs must be signed and certified as required by the standard provisions 
(Attachment D). The Discharger shall submit the original DMR to: 

STANDARD MAIL FEDEX/UPS/ 
OTHER PRIVATE CARRIERS 

State Water Resources Control Board State Water Resources Control Board 
Division of Water Quality Division of Water Quality 

c/o DMR Processing Center c/o DMR Processing Center 
PO Box 100 1 001 I Street, 15111 Floor 

Sacramento, CA 95812-1000 Sacramento, CA 95814 

All discharge monitoring results must be reported on the official USEPA pre-printed 
DMR forms (US EPA Form 3320-1 ). Forms that are self-generated cannot be 
accepted unless they follow the exact same format of USEPA Form 3320-1. 

C. Special Provisions 

1. Reopener Provisions 

a. This Order may be re-opened and modified in accordance with NPDES 
regulations at 40 CFR Part 122 and 124, as necessary, to include additional 
conditions or limitations based on newly available information or to implement 
any USEPA approved, new, State water quality objective. 

b. This Order may be re-opened and modified, to incorporate in accordance with 
the provisions set forth in 40 CFR Parts 122 and 124, to include requirements for 
the implementation of the watershed management approach. 

c. This Order may be re-opened and modified, revoked, and reissued or terminated 
in accordance with the provisions of 40 CFR sections 122, 124, and 125. 

i. Violations of any terms or conditions of this Order. 
11. Endangerment to human health or the environment resulting from the 

permitted activity. 
iii. Obtaining this Order by misrepresentation or failure to disclose fully all 

relevant facts. 
iv. A change in any condition that requires either a temporary or permanent 

reduction or elimination of the authorized discharge. 

d. This Order may be re-opened and modified, to incorporate additional limitations, 
prohibitions, and requirements, based on the results of additional monitoring 
required by the MRP. 
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e. This Order may be reopened for modification of the receiving waters monitoring 
and reporting requirements and/or special studies requirements, at the discretion 
of the San Diego Water Board. Such modification(s) may include, but is (are) not 
limited to, revision(s): (i) to implement recommendations from Southern California 
Coastal Water Research Project (SCCWRP), (ii) to develop, refine, implement, 
and/or coordinate a regional monitoring program, and/or (iii) to develop and 
implement improved monitoring and assessment programs in keeping with San 
Diego Water Board Resolution No. R9-2012-0069, Resolution in Support of a 
Regional Monitoring Framework. 

f. In accordance with 40 CFR Parts 122 and 124, this permit may be re-opened 
and modified to include effluent limitations or permit conditions to address acute 
or chronic toxicity in the effluent or receiving waterbody, as a result of the 
discharge; or to implement new, revised, or newly interpreted water quality 
standards applicable to acute or chronic toxicity. 

g. The Discharger may submit a report as detailed in section 1.4.4 of the SIP 
demonstrating that the required conditions are met for intake water credits. 
Where the conditions stipulated for intake water credits in the SIP are satisfied, 
the San Diego Water Board may reopen this Order to modify effluent limitations 
allowing the Facility to discharge a mass and concentration of the intake water 
pollutant that is no greater than the mass and concentration found in the Facility's 
intake water. 

h. The filing of a request by the Discharger for modifications, revocation and 
reissuance, or termination of this Order, or a notification of planned change in or 
anticipated noncompliance with this Order does not stay any condition of this 
Order. 

2. Special Studies, Technical Reports and Additional Monitoring Requirements 

a. Future Development of Chronic Toxicity Effluent Limitations for Storm Water 
Discharges from Industrial High Risk Areas 

Provisions 

The San Diego Water Board may establish chronic toxicity effluent limitations for 
Industrial High Risk Areas storm water discharges in the future. In developing 
such effluent limitations, an in stream waste concentration factor of 100 percent 
will be assumed whenever mixing zones or dilution credits are not authorized by 
the San Diego Water Board. 

The Discharger may, at their discretion, propose a work plan for a detailed study 
to support a Basin Pan Amendment on the possible application of chronic toxicity 
effluent limitations with mixing zones and dilution credits applicable to industrial 
storm water discharges to San Diego Bay. The study may also encompass the 
possible application of mixing zones and dilution credits applicable to municipal 
storm water discharges. 
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The work plan shall include the following elements: 

1. A detailed proposal describing the goals, technical approach, methods, data 
evaluation framework, and a schedule for completion of all study activities 
and submission of a draft Basin Plan Amendment for consideration of 
adoption by the San Diego Water Board; 

ii. Formation of a stakeholder advisory panel with the San Diego Water Board, 
USEPA, federal and state resource agencies, representatives of 
environmental non-governmental organizations, San Diego County 
Department of Health Services, and representatives of storm water 
dischargers to San Diego Bay. The panel shall be notified of proposed work 
and results; and the panel shall be provided opportunity for comment; 

iii. An analysis of storm water impacts to San Diego Bay that considers 
circulation and flushing, pollutant movement and accumulation, and fate to 
determine mixing zones and dilution factors appropriate for storm water 
discharges to San Diego Bay. The analysis shall include consideration of 
relevant State of California and USEPA polices and guidance pertaining to 
the establishment of mixing zones and dilution credits in receiving waters; and 

IV. Provisions for establishment of an external scientific peer review panel 
comprised of experts in the fields of plume dilution modeling, toxicology, and 
marine ecology to guide the technical approach, review the study results and 
make recommendations for a proposed Basin Plan Amendment and toxicity 
monitoring strategies for storm water discharges. 

b. Toxicity Reduction Evaluations 

See section V.E of the MRP (Attachment E) for an overview of Toxicity Reduction 
Evaluation (TRE) Requirements. 

3. Best Management Practices and Pollution Prevention 

a. Best Management Practices and Pollution Prevention Plan for Utility Vault and 
Manhole Dewatering Discharges (Utility Vault Plan) 

Provisions 

The Discharger shall continue to implement a Utility Vault Plan for utility vault and 
manhole dewatering discharges that prevents the discharge of pollutants into the 
receiving waters at levels that would contribute to the degradation of the 
receiving waters or otherwise negatively affect the beneficial uses of the 
receiving water. At a minimum, the Utility Vault Plan shall be developed and 
implemented in accordance with Attachment H to prevent, or minimize the 
potential for, the release of pollutants to waters of the State and waters of the 
US. 
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b. BMP Plan for Pier Boom, Fender, Mooring Cleaning Discharges, Graving Dock 
Pre-flood Cleaning, and Weight Testing Water. 

The Discharger shall develop and implement a BMP Plan for discharges from 
pier boom, fender, and mooring cleaning (Discharge Point No. BC-001) and 
weight testing water (various discharge locations) and shall continue to 
implement a BMP Plan for discharges from the Graving Dock (Discharge Point 
Nos. NGD-001 through NGD-004) that prevents the discharge of pollutants into 
the receiving waters at levels that would contribute to the degradation of the 
receiving waters or otherwise negatively affect the beneficial uses of the 
receiving water. At a minimum, the BMP Plan shall be developed and 
implemented in accordance with Attachment I to prevent, or minimize the 
potential for, the release of pollutants to waters of the State and waters of the 
US. 

c. Pollution Prevention Plan 

The Discharger shall prepare and implement a Pollution Prevention Plan for 
steam condensate discharges (Discharge Point Nos. SC-001 through SC-175) 
for copper, lead, mercury, zinc; and Graving Dock deflooding water and salt 
water rinse water (Discharge Point Nos. NGD-001 and NGD-002) for copper; for 
caisson ballast dewatering (Discharge Point No. NGD-003) for cadmium, copper, 
nickel, silver, and zinc; fire suppression water and salt water supply water 
(Discharge Point No. NGD-004) for copper, nickel, silver, and zinc; and high risk 
industrial storm water for acute toxicity (Discharge Points specified in Attachment 
M to this Order, as amended annually pursuant to section IV.B of this Order). 

The Pollution Prevention Plan shall be developed in accordance with Water Code 
section 13263.3(d)(2). The minimum requirements for the Pollution Prevention 
Plan are outlined in the Fact Sheet (section VII.C.3.e of Attachment F of this 
Order). A work plan and time schedule for preparation of the Pollution 
Prevention Plan shall be completed and submitted to the San Diego Water Board 
within 3 months of the effective date of this Order. The Pollution Prevention Plan 
shall be completed and submitted to the San Diego Water Board within nine (9) 
months of the effective date of this Order. 

4. Construction, Operation and Maintenance Specifications 

a. All waste treatment, containment, and disposal facilities shall be protected 
against 1 00-year peak stream flows as defined by the San Diego County Flood 
Control Agency. 

b. All waste treatment, containment, and disposal facilities shall be protected 
against erosion, overland runoff, and other impacts resulting from a 1 00-year 
frequency 24-hour storm. 
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5. Other Special Provisions - Not Applicable 

VII. COMPLIANCE DETERMINATION 

Compliance with the effluent limitations contained in section IV of this Order will be 
determined as specified below: 

A. General 

Compliance with effluent limitations shall be determined using sample reporting 
protocols defined in the MRP and Attachment A of this Order. For purpose of reporting 
and administrative enforcement by the Regional and State Water Boards, the 
Discharger shall be deemed out of compliance with effluent limitations if the 
concentration of the constituent in the monitoring sample is greater than the effluent 
limitation and greater than or equal to the reporting level (RL) or lowest quantifiable 
level. 

B. Multiple Sample Data 

When determining compliance with an average annual effluent limitation (AAEL), 
average monthly effluent limitation (AMEL), or maximum daily effluent limitation (MDEL) 
and more than one sample result is available, the Discharger shall compute the 
arithmetic mean unless the data set contains one or more reported determination of 
"Detected, but Not Quantified" (DNQ) or "Not Detected" (NO). In those cases, the 
Discharger shall compute the median in place of the arithmetic mean jn accordance with 
the following procedure: 

1. The data set shall be ranked from low to high, ranking the reported NO 
determinations lowest, DNQ determinations next, following by quantified values (if 
any). The order of individual NO or DNQ determinations is unimportant. 

2. The median value of the data set shall be determined. If the data set has an odd 
number of data points, then the median is the middle value. If the data set has an 
even number of data points, then the median is the average of the two values 
around the middle unless one or both of the points are NO or DNQ, in which case 
the median value shall be the lower of the two data points where DNQ is lower than 
a value and NO is lower than DNQ. 
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If the average (or when applicable, the median determined by section VII.B above for 
multiple sample data) of daily discharges over a calendar month exceeds the AMEL for 
a given parameter, this will represent a single violation for the purpose of assessing 
mandatory minimum penalties under Water Code section 13385, though the Discharger 
will be considered out of compliance for each discharge day of that month for that 
parameter (e.g., resulting in 31 days of non-compliance in a 31-day month) for 
discretionary penalties. If only a single sample is taken during the calendar month and 
the analytical result for that sample exceeds the AMEL, the Discharger will be 
considered out of compliance for days when the discharge occurs. For any one 
calendar month during which no sample (daily discharge) is taken, no compliance 
determination can be made for that calendar month. 

D. Maximum Daily Effluent Limitation (MDEL) 

If a daily discharge (or when applicable, the median determined by section VII.B above 
for multiple sample data of a daily discharge) exceeds the MDEL for a given parameter, 
the Discharger will be considered out of compliance for that parameter for that 1 day 
only within the reporting period. For any 1 day during which no sample is taken, no 
compliance determination can be made for that day. 

E. Instantaneous Minimum Effluent Limitation 

If the analytical result of a single grab sample is lower than the instantaneous minimum 
effluent limitation for a parameter, the Discharger will be considered out of compliance 
for that parameter for that single sample. Non-compliance for each sample will be 
considered separately (e.g., the results of two grab samples taken within a calendar day 
that both are lower than the instantaneous minimum effluent limitation would result in 
two instances of non-compliance with the instantaneous minimum effluent limitation). 

F. Instantaneous Maximum Effluent Limitation 

If the analytical result of a single grab sample is higher than the instantaneous 
maximum effluent limitation for a parameter, the Discharger will be considered out of 
compliance for that parameter for that single sample. Non-compliance for each sample 
will be considered separately (e.g., the results of two grab samples taken within a 
calendar day that both exceed the instantaneous maximum effluent limitation would 
result in two instances of non-compliance with the instantaneous maximum effluent 
limitation). 
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G. Median Monthly Effluent Limit (MMEL) 

If the median result of three independent toxicity tests, conducted within the same 
calendar month, and analyzed using the TST is a "fail" (i.e. two out of three is "fail"), this 
will represent a single violation for the purpose of assessing mandatory minimum 
penalties under Water Code section 13385, though the Discharger will be considered 
out of compliance for each discharge day of that month for that parameter (e.g., 
resulting in 31 days of non-compliance in a 31-day month) for discretionary penalties. If 
median result is "fail", the Discharger will be considered out of compliance for days 
when the discharge occurs. For any one calendar month during which fewer than three 
samples are taken, no compliance determination can be made for that calendar month. 

H. Acute Toxicity 

1. The MDEL for acute toxicity is exceeded and a violation will be flagged when a 
toxicity test results in a "fail" in accordance with the TST approach and the percent 
effect is greater than or equal to 0.40. 

2. For this discharge, the determination of "Pass" or "Fail" from a single-effluent 
concentration acute toxicity test at the IWC of 100 percent effluent is determined 
using the TST approach described in National Pollutant Discharge Elimination 
System Test of Significant Toxicity Implementation Document (EPA 833-R-10-003, 
2010). 

3. The Discharger shall report the results of reasonable potential analyses, species 
sensitivity screenings, and routine toxicity tests to the San Diego Water Board as 
either a "pass" or a "fail" at the IWC, in accordance with the TST approach and 
provide the calculated percent effect at the IWC. 

Pass 

A test result that rejects the null hypothesis (Ho) below is reported as "Pass" in 
accordance with the TST approach: 

Ho: Mean response (1 00 percent effluent) s 0.80 x Control mean response 

Fail 

A test result that does not reject the null hypothesis (Ho) above is reported as "Fail" 
in accordance with the TST approach. 

4. The presence or absence of acute toxicity shall be determined as specified in 
section V of the MRP. 
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I. Chronic Toxicity 

1. The MDEL for chronic toxicity is exceeded and a violation will be flagged when a 
toxicity test results in a "fail" in accordance with the TST approach and the percent 
effect is greater than or equal to 0.50. 

2. MMEL for chronic toxicity is exceeded and a violation will be flagged when the 
median results of three independent toxicity tests, conducted within the same 
calendar month, and analyzed using the TST, (i.e. two out of three) is a "fail." 

3. For this discharge, the determination of "Pass" or "Fail" from a single-effluent 
concentration chronic toxicity test at the IWC of 100 percent effluent is determined 
using the TST approach described in National Pollutant Discharge Elimination 
System Test of Significant Toxicity Implementation Document (EPA 833-R-1 0-003, 
2010). 

4. The Discharger shall report the results of reasonable potential analyses, species 
sensitivity screenings, and routine toxicity tests to the San Diego Water Board as 
either a "pass" or a "fail" at the IWC, in accordance with the TST approach and 
provide the calculated percent effect at the IWC. 

Pass 

A test result that rejects the null hypothesis (Ho) below is reported as "Pass" in 
accordance with the TST approach: 

Ho: Mean response (1 00 percent effluent) :5 0.75 x Control mean response 

Fail 

A test result that does not reject the null hypothesis (Ho) above is reported as "Fail" 
in accordance with the TST approach. 

5. The presence or absence of chronic toxicity shall be determined as specified in 
section V of the MRP. 
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If the average (or when applicable, the median determined by subsection B above for 
multiple sample data) of daily discharges over a 12-month period exceeds the AAEL for 
a given parameter, this will represent a single violation for the purpose of assessing 
mandatory minimum penalties under Water Code section 13385. Because the AAEL is 
a rolling average calculated once each month, the Discharger will be considered out of 
compliance for each discharge day of that month for that parameter (e.g., resulting in 31 
days of non-compliance in a 31-day month) for discretionary penalties. Each discharge 
day of the year is determined to be either in compliance or out of compliance for the 
AAEL only once, during the month in which the day falls. For any one calendar month 
during which no sample (daily discharge) is taken, no compliance determination can be 
made for that calendar month and no penalty assessed. Until there is 12 months of 
effluent and receiving water data under this Order, the effluent and receiving water 
samples collected under the previous Order shall be used to determine compliance with 
the AAEL. The Discharger may submit for San Diego Water Board review and 
approval, an alternative statistical method for calculating annual average effluent limits 
to demonstrate that the mass and concentration of the pollutant in the discharge does 
not exceed the mass and concentration of the pollutant in the intake water. 
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ATTACHMENT A- DEFINITIONS 

Acute Toxicity Tests 
A measurement of the adverse effect (usually mortality) of a waste discharge or ambient water 
sample on a group of test organisms during a short-term exposure. 

Arithmetic Mean (~-t) 
Also called the average, is the sum of measured values divided by the number of samples. 
For ambient water concentrations, the arithmetic mean is calculated as follows: 

Arithmetic mean = 1-l = ~x In where: L:x is the sum of the measured ambient water 
concentrations, and n is the number of 
samples. 

Average Monthly Effluent Limitation (AMEL) 
The highest allowable average of daily discharges over a calendar month, calculated as the 
sum of all daily discharges measured during a calendar month divided by the number of daily 
discharges measured during that month. 

Average Weekly Effluent Limitation (AWEL) 
The highest allowable average of daily discharges over a calendar week (Sunday through 
Saturday), calculated as the sum of all daily discharges measured during a calendar week 
divided by the number of daily discharges measured during that week. 

Bioaccumulative Pollutants 
Those substances taken up by an organism from its surrounding medium through gill 
membranes, epithelial tissue, or from food and subsequently concentrated and retained in the 
body of the organism. 

Best Management Practices (BMPs) 
Schedules of activities, prohibitions of practices, maintenance procedures, and other 
management practices to prevent or reduce the pollution of waters of the United States. The 
BMPs also include treatment measures, operating procedures, and practices to control facility 
site runoff, spillage or leaks, sludge or waste disposal, or drainage from raw material storage. 
The BMPs may include any type of pollution prevention and pollution control measure 
necessary to achieve compliance with this Order. 

Best Professional Judgment (BPJ) 
The method used by permit writers to develop technology-based NPDES permit conditions on 
a case by-case basis using all reasonably available and relevant data. 

Carcinogenic 
Pollutants are substances that are known to cause cancer in living organisms. 
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Clean Water Act (CWA) 
The Federal Water Pollution Control Act enacted by Public Law 92-500 as amended by Public 
Laws 95-217,95-576,96-483, and 97-117; 33 USC 1251 etseq. 

Chronic Toxicity Tests 
A measurement of the sub-lethal effects of a discharge or ambient water sample (e.g. reduced 
growth or reproduction). Certain chronic toxicity tests include an additional measurement of 
lethality. 

Coefficient of Variation (CV) 
CV is a measure of the data variability and is calculated as the estimated standard deviation 
divided by the arithmetic mean of the observed values. 

Contamination 
"Contamination" means an impairment of the quality of the waters of the state by waste to a 
degree which creates a hazard to the public health through poisoning or through the spread of 
disease. "Contamination" includes any equivalent effect resulting from the disposal of waste, 
whether or not waters of the state are affected. [CWC § 13050(k)] 

Daily Discharge 
Daily Discharge is defined as either: (1) the total mass of the constituent discharged over the 
calendar day (12:00 am through 11:59 pm) or any 24-hour period that reasonably represents a 
calendar day for purposes of sampling (as specified in the permit), for a constituent with 
limitations expressed in units of mass or; (2) the unweighted arithmetic mean measurement of 
the constituent over the day for a constituent with limitations expressed in other units of 
measurement (e.g., concentration). 

The daily discharge may be determined by the analytical results of a composite sample taken 
over the course of one day (a calendar day or other 24-hour period defined as a day) or by the 
arithmetic mean of analytical results from one or more grab samples taken over the course of 
the day. 

For composite sampling, if 1 day is defined as a 24-hour period other than a calendar day, the 
analytical result for the 24-hour period will be considered as the result for the calendar day in 
which the 24-hour period ends. 

Detected, but Not Quantified (DNQ) 
DNQ are those sample results less than the RL, but greater than or equal to the laboratory' s 
MDL. 

Dilution Credit 
Dilution Credit is the amount of dilution granted to a discharge in the calculation of a water 
quality-based effluent limitation, based on the allowance of a specified mixing zone. It is 
calculated from the dilution ratio or determined through conducting a mixing zone study or 
modeling of the discharge and receiving water. 
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ECA is a value derived from the water quality criterion/objective, dilution credit, and ambient 
background concentration that is used, in conjunction with the coefficient of variation for the 
effluent monitoring data, to calculate a long-term average (LTA) discharge concentration. The 
ECA has the same meaning as waste load allocation (WLA) as used in USEPA guidance 
(Technical Support Document For Water Quality-based Taxies Control, March 1991, second 
printing, EPA/505/2-90-001 ). 

Enclosed Bays 
Enclosed Bays means indentations along the coast that enclose an area of oceanic water 
within distinct headlands or harbor works. Enclosed bays include all bays where the narrowest 
distance between the headlands or outermost harbor works is less than 75 percent of the 
greatest dimension of the enclosed portion of the bay. Enclosed bays Include, but are not 
limited to, Humboldt Bay, Bodega Harbor, Tomales Bay, Drake' s Estero, San Francisco Bay, 
Morro Bay, Los Angeles-L~ 1ng Beach Harbor, Upper and Lower Newport Bay, Mission Bay, 
and San Diego Bay. Enclc sed bays do not include inland surface waters or ocean waters. 

Estimated Chemical Concentration 
The estimated chemical concentration that results from the confirmed detection of the 
substance by the analytical method below the ML value. 

Estuaries 
Estuaries means waters, including coastal lagoons, located at the mouths of streams that 
serve as areas of mixing for fresh and ocean waters. Coastal lagoons and mouths of streams 
that are temporarily separated from the ocean by sandbars shall be considered estuaries. 
Estuarine waters shall be considered to extend from a bay or the open ocean to a point 
upstream where there is no significant mixing of fresh water and seawater. Estuarine waters 
included, but are not limited to, the Sacramento-San Joaquin Delta, as defined in Water Code 
section 12220, Suisun Bay, Carquinez Strait downstream to the Carquinez Bridge, and 
appropriate areas of the Smith, Mad, Eel, Noyo, Russian, Klamath, San Diego, and Otay 
rivers. Estuaries do not include inland surface waters or ocean waters. 

Facility 
As used in the Storm Water Pollution Prevention Plan contained in Attachment G, a Facility is 
an area or areas discharging storm water associated with industrial activity within the property 
boundary or operational unit. 

First Flush 
Storm water runoff that occurs between the time a storm event begins and when a minimum of 
1/4 inch of precipitation has been collected in a rain gauge or equivalent measurement device 
at a location on the site which is representative of precipitation at the site. A storm event is a 
period of rainfall that is preceded by at least seven days without rainfall. 
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Industrial High Risk Areas 
All areas where wastes or pollutants of significant quantities from ship construction, 
modification, repair, and maintenance activities (including abrasive blast grit material, primer, 
paint, paint chips, solvents, oils, fuels, sludges, detergents, cleansers, hazardous substances, 
toxic pollutants, non-conventional pollutants, materials of petroleum origin, or other substances 
of water quality significance) are subject to precipitation, run-on, and/or runoff. 

Industrial Low Risk Areas 
All areas where wastes or pollutants from industrial activities are subject to precipitation, run
on, and/or runoff which are not classified as Industrial No Exposure Areas or Industrial High 
Risk Areas. 

Industrial No Exposure Areas 
Areas where all industrial materials and activities are protected by a storm resistant shelter1 to 
prevent exposure to rain, snow, snowmelt, and/or runoff. "Industrial materials and activities" 
include, but are not limited to, material handling2 equipment or activities, industrial machinery, 
raw materials, intermediate products, by-products, final products, or waste products. 

Inland Surface Waters 
All surface waters of the State that do not include the ocean, enclosed bays, or estuaries. 

Instantaneous Maximum Effluent Limitation 
The highest allowable value for any single grab sample or aliquot (i.e., each grab sample or 
aliquot is independently compared to the instantaneous maximum limitation). 

Instantaneous Minimum Effluent Limitation 
The lowest allowable value for any single grab sample or aliquot (i.e., each grab sample or 
aliquot is independently compared to the instantaneous minimum limitation). 

lnstream Waste Concentration (IWC) 
The concentration of a toxicant or effluent in the receiving water after mixing (the inverse of the 
dilution factor). A discharge of 100 percent effluent will be considered the IWC whenever 
mixing zones or dilution credits are not authorized by the applicable Water Board. 

1 "Storm-resistant shelters" include completely roofed and walled buildings or structures. They also include 
structures with only a top cover supported by permanent supports but with no side coverings provided material 
within the structure is not subject to wind dispersion (sawdust, powders, etc), track-out, and there is no storm 
water discharged from within the structure that has come into contact with any materials. 

2 "Material handling activities" include the storage, loading and unloading, transportation, or conveyance of any 
raw material, intermediate product, final product, or waste product. 
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Maximum Daily Effluent Limitation {MDEL) 
The highest allowable daily discharge of a pollutant, over a calendar day (or 24-hour period). 
For pollutants with limitations expressed in units of mass, the daily discharge is calculated as 
the total mass of the pollutant discharged over the day. For pollutants with limitations 
expressed in other units of measurement, the daily discharge is calculated as the arithmetic 
mean measurement of the pollutant over the day. 

Maximum Extent Practicable {MEP) 
MEP is the technology-based standard established by Congress in CWA section 
402(p)(3)(B)(iii) that municipal dischargers ofstorm water must meet. MEP is the result of 
emphasizing pollution prevention and source control BMPs as the first lines of defense in 
combination with structural and treatment methods where appropriate serving as additional 
lines of defense. 

Median Monthly Effluent Limit {MMEL) 
An effluent limit based on Lhe median results of three independent toxicity tests, conducted 
within the same calendar month, and analyzed using the TST. The MMEL is exceeded when 
the median result (i.e. two out of three) is a "fail." 

Median 
The middle measurement in a set of data. The median of a set of data is found by first 
arranging the measurements in order of magnitude (either increasing or decreasing order). If 
the number of measurements (n) is odd, then the median = X(n+1)12 . If n is even, then the 
median= (Xn/2 + X(n/2)+1)/2 (i.e., the midpoint between the n/2 and n/2+1). 

Method Detection Limit {MDL) 
MDL is the minimum concentration of a substance that can be measured and reported with 99 
percent confidence that the analyte concentration is greater than zero, as defined in title 40 of 
the Code of Federal Regulations, Part 136, Attachment B, revised as of July 3, 1999. 

Minimum Level {ML) 
ML is the concentration at which the entire analytical system must give a recognizable signal 
and acceptable calibration point. The ML is the concentration in a sample that is equivalent to 
the concentration of the lowest calibration standard analyzed by a specific analytical 
procedure, assuming that all the method specified sample weights, volumes, and processing 
steps have been followed. 

Mixing Zone 
Mixing Zone is a limited volume of receiving water that is allocated for mixing with a 
wastewater discharge where water quality criteria can be exceeded without causing adverse 
effects to the overall water body. 

Non-Storm Water Discharge 
Any discharge to storm sewer systems that is not composed entirely of storm water. 
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Not Detected (ND) 
Sample results which are less than the laboratory's MDL. 

Nuisance 
"Nuisance" means anything which meets all of the following requirements: (1) Is injurious to 
health, or is indecent or offensive to the senses, or an obstruction to the free use of property, 
so as to interfere with the comfortable enjoyment of life or property. (2) Affects at the same 
time an entire community or neighborhood, or any considerable number of persons, although 
the extent of the annoyance or damage inflicted upon individuals may be unequal. (3) Occurs 
during, or as a result of, the treatment or disposal of waste. [CWC § 13050(m)] 

Numeric Action Level (NAL) 
Numeric Action Levels (NALs), found in Table G-1of Attachment G of this Order are used as 
numeric thresholds for corrective action. An exceedance of a NAL is not a violation of this 
Order. 

Ocean Waters 
The territorial marine waters of the State as defined by California law to the extent these 
waters are outside of enclosed bays, estuaries, and coastal lagoons. Discharges to ocean 
waters are regulated in accordance with the State Water Board's California Ocean Plan. 

Percent effect 
The value that denotes the difference in response between the IWC and the control, divided by 
the mean response, and multiplied by 100 (see the equation in Step 6 of Appendix A of the 
Toxicity Policy). 

Persistent Pollutants 
Persistent pollutants are substances for which degradation or decomposition in the 
environment is nonexistent or very slow. 

Pollutant 
"Pollutant" means dredged spoil, solid waste, incinerator residue, filter backwash, sewage, 
garbage, sewage sludge, munitions, chemical wastes, biological materials, radioactive 
materials (except those regulated under the Atomic Energy Act of 1954, as amended (42 
U.S.C. 2011 et seq.)), heat, wrecked or discarded equipment, rock, sand, cellar dirt and 
industrial, municipal, and agricultural waste discharged into water. It does not mean: (a) 
Sewage from vessels; or (b) Water, gas, or other material which is injected into a well to 
facilitate production of oil or gas, or water derived in association with oil and gas production 
and disposed of in a well, if the well used either to facilitate production or for disposal purposes 
is approved by authority of the State in which the well is located, and if the State determines 
that the injection or disposal will not result in the degradation of ground or surface water 
resources. NOTE: Radioactive materials covered by the Atomic Energy Act are those 
encompassed in its definition of source, byproduct, or special nuclear materials. Examples of 
materials not covered include radium and accelerator-produced isotopes. See Train v. 
Colorado Public Interest Research Group, Inc., 426 U.S. 1 (1976). (40 CFR 122.2) 
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PMP means waste minimization and pollution prevention actions that include, but are not 
limited to, product substitution, waste stream recycling, alternative waste management 
methods, and education of the public and businesses. The goal of the PMP shall be to reduce 
all potential sources of a priority pollutant(s) through pollutant minimization (control) strategies, 
including pollution prevention measures as appropriate, to maintain the effluent concentration 
at or below the water quality-based effluent limitation. Pollution prevention measures may be 
particularly appropriate for persistent bioaccumulative priority pollutants where there is 
evidence that beneficial uses are being impacted. The San Diego Water Board may consider 
cost effectiveness when establishing the requirements of a PMP. The completion and 
implementation of a Pollution Prevention Plan, if required pursuant to Water Code section 
13263.3(d), shall be considered to fulfill the PMP requirements. 

Pollution 
"Pollution" means an alteration of the quality of the waters of the state by waste to a degree 
which unreasonably affects either of the following: (A) The waters for beneficial uses. (B) 
Facilities which serve these beneficial uses. "Pollution" may include "contamination." [CWC § 
13050(1)] 

Pollution Prevention 
Pollution Prevention means any action that causes a net reduction in the use or generation of 
a hazardous substance or other pollutant that is discharged into water and includes, but is not 
limited to, input change, operational improvement, production process change, and product 
reformulation (as defined in Water Code section 13263.3). Pollution prevention does not 
include actions that merely shift a pollutant in wastewater from one environmental medium to 
another environmental medium, unless clear environmental benefits of such an approach are 
identified to the satisfaction of the State or San Diego Water Board. 

Pollution Prevention Plan (PPP) 
A PPP is a plan for implementing pollution prevention containing, at a minimum, the elements 
identified in ewe section 13263.3(d)(2). 

Qualifying Storm Event 
A qualifying storm event is one that begins producing storm water discharge during daylight 
scheduled Facility operating hours, and is preceded by at least 7 days without a storm water 
discharge. 

Reporting Level (RL) 
RL is the ML (and it's associated analytical method) chosen by the Discharger for reporting 
and compliance determination from the Mls included in this Order. The Mls included in this 
Order correspond to approved analytical methods for reporting a sample result that are 
selected by the San Diego Water Board either from Appendix 4 of the SIP in accordance with 
section 2.4.2 of the SIP or established in accordance with section 2.4.3 of the SIP. The ML is 
based on the proper application of method-based analytical procedures for sample preparation 
and the absence of any matrix interferences. Other factors may be applied to the ML 
depending on the specific sample preparation steps employed. For example, the treatment 
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typically applied in cases where there are matrix-effects is to dilute the sample or sample 
aliquot by a factor of ten. In such cases, this additional factor must be applied to the ML in the 
computation of the RL. 

San Diego Water Board 
As used in this document the term "San Diego Water Board" is synonymous with the term 
"Regional Board" as defined in Water Code section 13050(b) and is intended to refer to the 
California Regional Water Quality Control Board for the San Diego Region as specified in 
Water Code Section 13200. 

Satellite Collection System 
The portion, if any, of a sanitary sewer system owned or operated by a different public agency 
than the agency that owns and operates the wastewater treatment facility that a sanitary sewer 
system is tributary to. 

Seawater Cooling Overboard Discharge 
The Discharge of seawater from a dedicated system that provides noncontact cooling water for 
other vessel systems. 

Significant Materials 
Raw materials; fuels; materials such as solvents, detergents, and plastic pellets; finished 
materials such as metallic products; raw materials used in food processing or production; 
hazardous substances designated under Section 101 (14) of Comprehensive Environmental 
Response, Compensation, and Liability Act (CERCLA); and chemical the facility is required to 
report pursuant to section 313 of Title Ill of Superfund Amendments and Reauthorization Act 
(SARA); fertilizers; pesticides; and waste products such as ashes, slag, and sludge that have 
the potential to be discharged. 

Significant Quantities 
Volumes, concentrations, or masses of pollutants that can cause or threaten to cause 
pollution, contamination, or nuisance; adversely impact human health or the environment; 
and/or cause or contribute to a violation of any applicable water quality standard for the 
receiving water or any receiving water limitation. 

Significant Spills 
Include, but are not limited to, releases of oil or hazardous substances in excess of reportable 
quantities under section 311 of the CWA (see 40 CFR 110.10 and 117.21) or section 102 of 
CERCLA (see 40 CFR 302.4). 

Small Municipal (Military Base) Separate Storm Sewer System (MS4) Areas 
Areas where no industrial activities occur. Areas designated as "Small MS4 Areas" shall be 
applicable to the Storm Water Management Program (SWMP) requirements contained within 
section IV. 0.2 of this Order. 
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Storm Water 
Includes storm water runoff, snowmelt runoff, and storm water surface runoff and drainage. It 
excludes infiltration and runoff from agricultural land. 

Storm Water Action Level (SAL) 
Storm Water Action Levels (SALs) implement the TMDL for metals in Chollas Creek. The 
SALs were calculated using the Waste Load Allocation from the TMDL and the methodology 
from the State Implementation Plan (SIP). 

Storm Water Discharge Associated with Industrial Activity 
The discharge from any conveyance that is used for collecting and conveying storm water and 
that is directly related to manufacturing, processing or raw materials storage areas at an 
industrial plant. The term does not include discharges from facilities or activities excluded from 
the NPDES program under 40 CFR Part 122. For the facilities identified in the Fact Sheet of 
this Order, the term includes, but is not limited to, storm water discharges from industrial plant 
yards; immediate access roads and rail lines used or traveled by carriers of raw materials, 
manufactured products, waste material, or by-products used or created by the facility; material 
handling sites; refuse sites; sites used for the application or disposal of process waste waters; 
sites used for residual treatment, storage areas (including tank farms) for raw materials, and 
intermediate and final products; and areas where industrial activity has taken place in the past 
and significant materials remain and are exposed to storm water. For the purposes of this 
paragraph, material handling activities include storage, loading and unloading, transportation, 
or conveyance of any raw material, intermediate product, final product, by-product, or waste 
product. The term excludes areas located on plant lands separate from the plant's industrial 
activities, such as office buildings and accompanying parking lots as long as the drainage from 
the excluded areas is not mixed with storm water drained from the above described areas. 
Industrial facilities (including industrial facilities that are federally, State, or municipally owned 
or operated that meet the description of the facilities referenced in this paragraph) include 
those facilities designated under 40 CFR 122.26(a)(1 )(v). 

Storm Water Management Plan (SWMP) 
The Storm Water Management Plan (SWMP) is a written plan to reduce the discharge of 
pollutants from "Small Municipal (Military Base) MS4 Areas" to the technology -based 
standard of MEP to protect receiving water quality. 

Storm Water Pollution Prevention Plan (SWPPP) 
A SWPPP is a written document that identifies the industrial activities conducted at the site, 
including any structural control practices, which the industrial facility operator will implement to 
prevent pollutants from making their way into storm water runoff. The SWPPP also must 
include descriptions of other relevant information, such as the physical features of the facility, 
and procedures for spill prevention, conducting inspections, and training of employees. The 
SWPPP is intended to be a "living" document, updated as necessary, such that when industrial 
activities or storm water control practices are mqdified or replaced, the SWPPP is similarly 
revised to reflect these changes. 

Attachment A - Definitions A-9 



UNITED STATES DEPARTMENT OF THE NAVY 
NAVAL BASE SAN DIEGO 

ORDER NO. R9-2013-0064 
NPDES NO. CA0109169 

Standard Deviation (cr) 
Standard Deviation is a measure of variability that is calculated as follows: 

cr = (l::[(x- f.l)2]/(n- 1 ))0
·
5 

where: 
x is the observed value; 
f.l is the arithmetic mean of the observed values; and 
n is the number of samples. 

Test of Significant Toxicity (TST) 
A statistical approach used to analyze toxicity test data. The TST incorporates a restated null 
hypothesis, Welch's t-test, and biological effect thresholds for chronic and acute toxicity. 

Toxicity Reduction Evaluation (TRE) 
TRE is a study conducted in a step-wise process designed to identify the causative agents of 
effluent or ambient toxicity, isolate the sources of toxicity, evaluate the effectiveness of toxicity 
control options, and then confirm the reduction in toxicity. The first steps of the TRE consist of 
the collection of data relevant to the toxicity, including additional toxicity testing, and an 
evaluation of facility operations and maintenance practices, and best management practices. 
A Toxicity Identification Evaluation (TIE) may be required as part of the TRE, if appropriate. (A 
TIE is a set of procedures to identify the specific chemical(s) responsible for toxicity. These 
procedures are performed in three phases (characterization, identification, and confirmation) 
using aquatic organism toxicity tests.) 

Water Quality Objectives 
Numerical or narrative limits on constituents or characteristics of water designed to protect 
designated beneficial uses of the water. 

Water Quality Standards 
Water quality standards, as defined in CWA Section 303(c) and 40CFR131.6, consist of 1) the 
beneficial uses of a water body, 2) criteria (referred to as water quality objectives in California 
law) to protect those uses, and 3) an anti-degradation policy. Under state law, the water 
boards establish beneficial uses and water quality objectives in their water quality control or 
basin plans. Together with an anti-degradation policy (State Water Board Resolution 68-16) , 
these beneficial uses and water quality objectives serve as water quality standards under the 
CWA. In CWA parlance, state beneficial uses are called "designated uses" and state water 
quality objectives are called "criteria." Throughout this Order, the relevant term is used 
depending on the statutory scheme. The water quality standards described in section V of 
this Order are enforceable receiving water limitations for the surface water bodies for which 
they are established. 

Waters of the United States 
Waters of the United States are defined as: "(a) All waters, which are currently used, were 
used in the past, or may be susceptible to use in interstate or foreign commerce, including all 
waters which are subject to the ebb and flow of the tide; (b) All interstate waters, including 
interstate "wetlands;" (c) All other waters such as intrastate lakes, rivers, streams (including 
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intermittent streams), mudflats, sandflats, "wetlands," sloughs, prairie potholes, wet meadows, 
playa lakes, or natural ponds the use, degradation or destruction of which would affect or could 
affect interstate or foreign commerce including any such waters: (1) Which are or could be 
used by interstate or foreign travelers for recreational or other purposes; (2) From which fish or 
shellfish are or could be taken and sold in interstate or foreign commerce; or (3) Which are 
used or could be used for industrial purpose by industries in interstate commerce; (d) All · 
impoundments of waters otherwise defined as waters of the United States under this definition: 
(e) Tributaries of waters identified in paragraphs (a) through (d) of this definition; (f) The 
territorial seas; and (g) "Wetlands" adjacent to waters (other than waters that are themselves 
wetlands) identified in paragraphs (a) through (f) of this definition. Waters of the United States 
do not include prior converted cropland. Notwithstanding the determination of an area's status 
as prior converted cropland by any other federal agency, for the purposes of the Clean Water 
Act, the final authority regarding Clean Water Act jurisdiction remains with the EPA" (40 CFR 
122.2) 

Whole Effluent Toxicity (WET) 
The aggregate toxic effect of a waste discharge measured directly by a chronic or acute 
toxicity test. 
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Discharge to land, storm 

drain system, sanitary 
system and bay. 

------7 L:_j --------? 
...._ _____ ___. 

Approximately 7,500 GPO* 

·oischarge approximallon based on an estimate from field measurements at 15 discharge points. The total approximation of 
steam condensate discharge. from ali 175 discharge points. is 7.500 gallons per day or 2.73 million gallons per year. 

San otego Bay water 

or Potable water 

5 GPM 
Pressure 
Washer 

SGPM 

1,800 GPO *when 

..----------. cleaning is performed 
Pier boom, fender 

and mooring with 
marine growth or 

bird guano 

'The pressure washer discharges 5 gallons per minute for 6 hOLlrS a day( 1,800 GPD) when cleaning is performed. Cleaning 
is performed once per quarter for 2-3 weeks. Assuming 3 weeks of cleaning, the total discharge volume is estimated to be 
108.000 gallons per year. 

San Diego bay 

water, groundwater 

or rainwater 
accumulation 

Utility vaults and manholes. 

Automatic sump pumps in vaults. 
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20,000 
Gallons/Year 

Approximately 20,000 

Ship's Seawater Distribution 
System I Weight Test Bladder 

San Diego Bay J 

* Weight tests using bladders of approximately 2.648 gallons are performed approximately 4 times per year. A weight test 
using a bladder of approximately 9,166 gallons is performed approximately once per year. This amounts to a total estimated 
discharge of approximately 20,000 gallons per year of 'Neight test water. 

Graving Dock flooded 
with San Diego Bay 

Water 

Vessel Docked 
20.2 Million Gallons* per 

r----------. de-flooding event 
Captured water 

pumped back into 

San Diego Bay 

*The Graving Dock discharges 20.2 million gallons of captured bay-water per de-flooding event. The Graving Dock is de
flooded twice per vessel repair evolution. There may be as few as 2. and as many as 6, evolutions per year. The resulting 
estimated discharge ranges from 40.4 to 242.4 million gallons of captured bay-•Nater per year. 

Caisson Gate Ballast 

flooded with San Diego 
Bay Water causing the 

gate to sink into place 

Captured water 

pumped back into 
San Diego Bay 

causing the gate to 
rise allowing it to be 

opened. 

31 ,500 Gallons* per event 

*The Caisson Gate discharges 31,500 gallons of captured bay-water per de-flooding event. The Caisson Gate is de-flooded 
twice per vessel repair evolution. There may be as few as 2, and as many as 6, evolutions per year. The resulting estimated 
Caisson Gate discharge ranges from 63,000 to 189,000 gallons of captured bay-water per year. 
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Sanitary Sewer 

System 

San Diego Bay 

*When salt water supply is initially connected to the ship there is a short duration discharge from the system's relief valve to 
San Diego Bay. The discharge duration is approximately 45 seconds with a discharge volume of 20 gallons. After the initial 
discharge there is a 2 gallon per minute discharge of salt water that leaks past the valve. Based on an average of 3 docking 
events in a year and a vessel is in the dock for 6 months during the year, the annual discharge volume would be 518,460 
gallons. 
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1. The Discharger must comply with all of the conditions of this Order. Any 
noncompliance constitutes a violation of the Clean Water Act (CWA) and the 
California Water Code and is grounds for enforcement action, for permit termination, 
revocation and reissuance, or modification; or denial of a permit renewal application. 
(40 CFR § 122.41 (a).) 

2. The Discharger shall comply with effluent standards or prohibitions established 
under section 307(a) of the CWA for toxic pollutants and with standards for sewage 
sludge use or disposal established under section 405(d) of the CWA within the time 
provided in the regulations that establish these standards or prohibitions, even if this 
Order has not yet been modified to incorporate the requirement. (40 CFR § 
122.41 (a)(1 ).) 

B. Need to Halt or Reduce Activity Not a Defense 

It shall not be a defense for a Discharger in an enforcement action that it would have 
been necessary to halt or reduce the permitted activity in order to maintain compliance 
with the conditions of this Order. (40 CFR § 122.41 (c).) 

C. Duty to Mitigate 

The Discharger shall take all reasonable steps to minimize or prevent any discharge or 
sludge use or disposal in violation of this Order that has a reasonable likelihood of 
adversely affecting human health or the environment. (40 CFR § 122.41 (d).) 

D. Proper Operation and Maintenance 

The Discharger shall at all times properly operate and maintain all facilities and systems 
of treatment and control (and related appurtenances) which are installed or used by the 
Discharger to achieve compliance with the conditions of this Order. Proper operation 
and maintenance also includes adequate laboratory controls and appropriate quality 
assurance procedures. This provision requires the operation of backup or auxiliary 
facilities or similar systems that are installed by a Discharger only when necessary to 
achieve compliance with the conditions of this Order. (40 CFR § 122.41 (e).) 

E. Property Rights 

1. This Order does not convey any property rights of any sort or any exclusive 
privileges. (40 CFR § 122.41 (g).) 
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2. The issuance of this Order does not authorize any injury to persons or property or 
invasion of other private rights, or any infringement of state or local law or 
regulations. (40 CFR § 122.5(c).) 

F. Inspection and Entry 

The Discharger shall allow the San Diego Water Board, State Water Board, United 
States Environmental Protection Agency (USEPA), and/or their authorized 
representatives (including an authorized contractor acting as their representative), upon 
the presentation of credentials and other documents, as may be required by law, to (40 
CFR § 122.41 (i); Water Code, § 13383): 

1. Enter upon the Discharger' s premises where a regulated facility or activity is located 
or conducted, or where records are kept under the conditions of this Order (40 CFR 
§ 122.41(i)(1)); 

2. Have access to and copy, at reasonable times, any records that must be kept under 
the conditions of this Order (40 CFR § 122.41 (i)(2)); 

3. Inspect and photograph, at reasonable times, any facilities, equipment (including 
monitoring and control equipment), practices, or operations regulated or required 
under this Order (40 CFR § 122.41 (i)(3)); and 

4. Sample or monitor, at reasonable times, for the purposes of assuring Order 
compliance or as otherwise authorized by the CWA or the Water Code, any 
substances or parameters at any location. (40 CFR § 122.41 (i)(4).) 

G. Bypass 

1. Definitions 

a. "Bypass" means the intentional diversion of waste streams from any portion of a 
treatment facility. (40 CFR § 122.41 (m)(1 )(i).) 

b. "Severe property damage" means substantial physical damage to property, 
damage to the treatment facilities, which causes them to become inoperable, or 
substantial and permanent loss of natural resources that can reasonably be 
expected to occur in the absence of a bypass. Severe property damage does 
not mean economic loss caused by delays in production. (40 CFR § 
122.41 (m)(1 )(ii).) 

2. Bypass not exceeding limitations. The Discharger may allow any bypass to occur 
which does not cause exceedances of effluent limitations, but only if it is for essential 
maintenance to assure efficient operation. These bypasses are not subject to the 
provisions listed in Standard Provisions- Permit Compliance I.G.3, I.G.4, and I.G.5 
below. (40 CFR § 122.41(m)(2).) 
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3. Prohibition of bypass. Bypass is prohibited, and the San Diego Water Board may 
take enforcement action against a Discharger for bypass, unless (40 CFR § 
122.41 (m)(4)(i)): 

a. Bypass was unavoidable to prevent loss of life, personal injury, or severe 
property damage (40 CFR § 122.41(m)(4)(i)(A)); 

b. There were no feasible alternatives to the bypass, such as the use of auxiliary 
treatment facilities, retention of untreated wastes, or maintenance during normal 
periods of equipment downtime. This condition is not satisfied if adequate 
back-up equipment should have been installed in the exercise of reasonable 
engineering judgment to prevent a bypass that occurred during normal periods of 
equipment downtime or preventive maintenance (40 CFR § 122.41 (m)(4)(i)(B)); 
and 

c. The Discharger submitted notice to the San Diego Water Board as required 
under Standard Provisions- Permit Compliance I.G.5 below. (40 CFR § 
122.41 (m)(4)(i)(C).) 

4. The San Diego Water Board may approve an anticipated bypass, after considering 
its adverse effects, if the San Diego Water Board determines that it will meet the 
three conditions listed in Standard Provisions- Permit Compliance I.G.3 above. (40 
CFR § 122.41 (m)(4)(ii).) 

5. Notice 

a. Anticipated bypass. If the Discharger knows in advance of the need for a 
bypass, it shall submit a notice, if possible at least 10 days before the date of the 
bypass. (40 CFR § 122.41 (m)(3)(i).) 

b. Unanticipated bypass. The Discharger shall submit notice of an unanticipated 
bypass as required in Standard Provisions- Reporting V.E below (24-hour 
notice). (40 CFR § 122.41 (m)(3)(ii).) 

H. Upset 

Upset means an exceptional incident in which there is unintentional and temporary 
noncompliance with technology based permit effluent limitations because of factors 
beyond the reasonable control of the Discharger. An upset does not include 
noncompliance to the extent caused by operational error, improperly designed 
treatment facilities, inadequate treatment facilities, lack of preventive maintenance, or 
careless or improper operation. (40 CFR § 122.41 (n)(1 ).) 

1. Effect of an upset. An upset constitutes an affirmative defense to an action brought 
for noncompliance with such technology based permit effluent limitations if the 
requirements of Standard Provisions- Permit Compliance I.H.2 below are met. No 
determination made during administrative review of claims that noncompliance was 
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caused by upset, and before an action for noncompliance, is final administrative 
action subject to judicial review. (40 CFR § 122.41 (n)(2).) 

2. Conditions necessary for a demonstration of upset. A Discharger who wishes to 
establish the affirmative defense of upset shall demonstrate, through properly 
signed, contemporaneous operating logs or other relevant evidence that (40 CFR § 
122.41 (n)(3)): 

a. An upset occurred and that the Discharger can identify the cause(s) of the upset 
(40 CFR § 122.41 (n)(3)(i)); 

b. The permitted facility was, at the time, being properly operated (40 CFR § 
122.41 (n)(3)(ii)); 

c. The Discharger submitted notice of the upset as required in Standard Provisions 
-Reporting V.E.2.b below (24-hour notice) (40 CFR § 122.41(n)(3)(iii)); and 

d. The Discharger complied with any remedial measures required under 
Standard Provisions- Permit Compliance I.C above. (40 CFR § 
122.41 (n)(3)(iv).) 

3. Burden of proof. In any enforcement proceeding, the Discharger seeking to 
establish the occurrence of an upset has the burden of proof. (40 CFR § 
122.41 (n)(4).) 

II. STANDARD PROVISIONS- PERMIT ACTION 

A. General 

This Order may be modified, revoked and reissued, or terminated for cause. The filing 
of a request by the Discharger for modification, revocation and reissuance, or 
termination, or a notification of planned changes or anticipated noncompliance does not 
stay any Order condition. {40 CFR § 122.41 (f).) 

B. Duty to Reapply 

If the Discharger wishes to continue an activity regulated by this Order after the 
expiration date of this Order, the Discharger must apply for and obtain a new permit. 
(40 CFR § 122.41(b).) 

C. Transfers 

This Order is not transferable to any person except after notice to the San Diego Water 
Board. The San Diego Water Board may require modification or revocation and 
reissuance of the Order to change the name of the Discharger and incorporate such 
other requirements as may be necessary under the CWA and the Water Code. (40 
CFR § 122.41(1)(3); § 122.61.) 
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Ill. STANDARD PROVISIONS- MONITORING 

A. Samples and measurements taken for the purpose of monitoring shall be representative 
of the monitored activity. (40 CFR § 122.41 U)(1 ).) 

B. Monitoring results must be conducted according to test procedures under Part 136 or, in 
the case of sludge use or disposal, approved under Part 136 unless otherwise specified 
in Part 503 unless other test procedures have been specified in this Order. (40 CFR § 
122.41 U)(4); § 122.44(i)(1 )(iv).) 

IV. STANDARD PROVISIONS- RECORDS 

A. Except for records of monitoring information required by this Order related to the 
Discharger's sewage sludge use and disposal activities, which shall be retained for a 
period of at least five years (or longer as required by Part 503), the Discharger shall 
retain records of all monitoring information, including all calibration and maintenance 
records and all original strip chart recordings for continuous monitoring instrumentation, 
copies of all reports required by this Order, and records of all data used to complete the 
application for this Order, for a period of at least three (3) years from the date of the 
sample, measurement, report or application. This period may be extended by request 
of the San Diego Water Board Executive Officer at any time. (40 CFR § 122.41 U)(2).) 

B. Records of monitoring information shall include: 

1. The date, exact place, and time of sampling or measurements 
(40 CFR § 122.41U)(3)(i)); 

2. The individual(s) who performed the sampling or measurements (40 CFR § 
122.41 U)(3)(ii)); 

3. The date(s) analyses were performed (40 CFR § 122.41 U)(3)(iii)); 

4. The individual(s) who performed the analyses (40 CFR § 122.41 U)(3)(iv)); 

5. The analytical techniques or methods used (40 CFR § 122.41 U)(3)(v)); and 

6. The results of such analyses. (40 CFR § 122.41 U)(3)(vi).) 

C. Claims of confidentiality for the following information will be denied (40 CFR § 
122.7(b)): 

1. The name and address of any permit applicant or Discharger 
(40 CFR § 122.7(b)(1)); and 

2. Permit applications and attachments, permits and effluent data. 
(40 CFR § 122.7(b)(2).) 
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The Discharger shall furnish to the San Diego Water Board, State Water Board, or 
USEPA within a reasonable time, any information which the San Diego Water Board, 
State Water Board, or USEPA may request to determine whether cause exists for 
modifying, revoking and reissuing, or terminating this Order or to determine compliance 
with this Order. Upon request, the Discharger shall also furnish to the San Diego Water 
Board, State Water Board, or USEPA copies of records required to be kept by this 
Order. (40 CFR § 122.41 (h); Water. Code, § 13267.) 

B. Signatory and Certification Requirements 

1. All applications, reports, or information submitted to the San Diego Water Board, 
State Water Board, and/or USEPA shall be signed and certified in accordance with 
Standard Provisions- Reporting V.B.2, V.B.3, V.B.4, and V.B.5 below. 
(40 CFR § 122.41 (k).) 

2. All permit applications shall be signed by either a principal executive officer or 
ranking elected official. For purposes of this provision, a principal executive officer 
of a federal agency includes: (i) the chief executive officer of the agency, or (ii) a 
senior executive officer having responsibility for the overall operations of a principal 
geographic unit of the agency (e.g., Regional Administrators of USEPA). 
(40 CFR §122.22(a)(3).). 

3. All reports required by this Order and other information requested by the San Diego 
Water Board, State Water Board, or USEPA shall be signed by a person described 
in Standard Provisions- Reporting V.B.2 above, or by a duly authorized 
representative of that person. A person is a duly authorized representative only if: 

a. The authorization is made in writing by a person described in Standard 
Provisions- Reporting V.B.2 above (40 CFR § 122.22(b)(1)); 

b. The authorization specifies either an individual or a position having responsibility 
for the overall operation of the regulated facility or activity such as the position of 
plant manager, operator of a well or a well field, superintendent, position of 
equivalent responsibility, or an individual or position having overall responsibility 
for environmental matters for the company. (A duly authorized representative 
may thus be either a named individual or any individual occupying a named 
position.) (40 CFR § 122.22(b)(2)); and 

c. The written authorization is submitted to the San Diego Water Board and State 
Water Board. (40 CFR § 122.22(b)(3).) 
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4. If an authorization under Standard Provisions- Reporting V.B.3 above is no longer 
accurate because a different individual or position has responsibility for the overall 
operation of the facility, a new authorization satisfying the requirements of Standard 
Provisions- Reporting V.B.3 above must be submitted to the San Diego Water 
Board and State Water Board prior to or together with any reports, information, or 
applications, to be signed by an authorized representative. (40 CFR § 122.22(c).) 

5. Any person signing a document under Standard Provisions- Reporting V.B.2 or 
V.B.3 above shall make the following certification: 

"I certify under penalty of law that this document and all attachments were prepared 
under my direction or supervision in accordance with a system designed to assure 
that qualified personnel properly gather and evaluate the information submitted. 
Based on my inquiry of the person or persons who manage the system or those 
persons directly responsible for gathering the information, the information submitted 
is, to the best of my knowledge and belief, true, accurate, and complete. I am aware 
that there are significant penalties for submitting false information, including the 
possibility of fine and imprisonment for knowing violations." (40 CFR § 122.22(d).) 

C. Monitoring Reports 

1. Monitoring results shall be reported at the intervals specified in the Monitoring and 
Reporting Program (Attachment E) in this Order. (40 CFR § 122.22(1)(4).) 

2. Monitoring results must be reported on a Discharge Monitoring Report (DMR) form 
or forms provided or specified by the San Diego Water Board or State Water Board 
for reporting results of monitoring of sludge use or disposal practices. 
(40 CFR § 122.41(1)(4)(i).) 

3. If the Discharger monitors any pollutant more frequently than required by this Order 
using test procedures approved under Part 136 or, in the case of sludge use or 
disposal, approved under Part 136 unless otherwise specified in Part 503, or as 
specified in this Order, the results of this monitoring shall be included in the 
calculation and reporting of the data submitted in the DMR or sludge reporting form 
specified by the San Diego Water Board. (40 CFR § 122.41 (1)(4)(ii).) 

4. Calculations for all limitations, which require averaging of measurements, shall 
utilize an arithmetic mean unless otherwise specified in this Order. 
(40 CFR § 122.41 (1)(4)(iii).) 

D. Compliance Schedules 

Reports of compliance or noncompliance with, or any progress reports on, interim and 
final requirements contained in any compliance schedule of this Order, shall be 
submitted no later than 14 days following each schedule date. (40 CFR § 122.41 (1)(5).) 
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E. Twenty-Four Hour Reporting 

1. The Discharger shall report any noncompliance that may endanger health or the 
environment. Any information shall be provided orally within 24 hours from the time 
the Discharger becomes aware of the circumstances. A written submission shall 
also be provided within five (5) days of the time the Discharger becomes aware of 
the circumstances. The written submission shall contain a description of the 
noncompliance and its cause; the period of noncompliance, including exact dates 
and times, and if the noncompliance has not been corrected, the anticipated time it 
is expected to continue; and steps taken or planned to reduce, eliminate, and 
prevent reoccurrence of the noncompliance. (40 CFR § 122.41 (1)(6)(i).) 

2. The following shall be included as information that must be reported within 24 hours 
under this paragraph (40 CFR § 122.41 (1)(6)(ii)): 

a. Any unanticipated bypass that exceeds any effluent limitation in this Order. 
(40 CFR § 122.41 (1)(6)(ii)(A).) 

b. Any upset that exceeds any effluent limitation in this Order. 
(40 CFR § 122.41 (1)(6)(ii)(B).) 

3. The San Diego Water Board may waive the above-required written report under this 
provision on a case-by-case basis if an oral report has been received within 24 
hours. (40 CFR § 122.41(1)(6)(iii).) 

F. Planned Changes 

The Discharger shall give notice to the San Diego Water Board as soon as possible of 
any planned physical alterations or additions to the permitted facility. Notice is required 
under this provision only when (40 CFR § 122.41 (1)(1)): 

1. The alteration or addition to a permitted facility may meet one of the criteria for 
determining whether a facility is a new source in section 122.29(b) 
(40 CFR § 122.41(1)(1)(i)); or 

2. The alteration or addition could significantly change the nature or increase the 
quantity of pollutants discharged. This notification applies to pollutants that are not 
subject to effluent limitations in this Order. (40 CFR § 122.41 (1)(1 )(ii).) 

3. The alteration or addition results in a significant change in the Discharger's sludge 
use or disposal practices, and such alteration, addition, or change may justify the 
application of permit conditions that are different from or absent in the existing 
permit, including notification of additional use or disposal sites not reported during 
the permit application process or not reported pursuant to an approved land 
application plan. (40 CFR§ 122.41 (1)(1 )(iii).) 
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G. Anticipated Noncompliance 

The Discharger shall give advance notice to the San Diego Water Board or State Water 
Board of any planned changes in the permitted facility or activity that may result in 
noncompliance with General Order requirements. (40 CFR § 122.41 (1)(2).) 

H. Other Noncompliance 

The Discharger shall report all instances of noncompliance not reported under Standard 
Provisions- Reporting V.C, V.D, and V.E above at the time monitoring reports are 
submitted. The reports shall contain the information listed in Standard Provision
Reporting V.E above. (40 CFR § 122.41 (1)(7).) 

I. Other Information 

When the Discharger becomes aware that it failed to submit any relevant facts in a 
permit application, or submitted incorrect information in a permit application or in any 
report to the San Diego Water Board, State Water Board, or USEPA, the Discharger 
shall promptly submit such facts or information. (40 CFR § 122.41 (1)(8).) 

VI. STANDARD PROVISIONS- ENFORCEMENT 

The San Diego Water Board is authorized to enforce the terms of this permit under several 
provisions of the Water Code, including, but not limited to, sections 13385, 13386, and 
13387. 

VII. ADDITIONAL PROVISIONS- NOTIFICATION LEVELS 

A. Non-Municipal Facilities 

Existing manufacturing, commercial, mining, and silvicultural Dischargers shall notify the 
San Diego Water Board as soon as they know or have reason to believe 
(40 CFR § 122.42(a)): 

1. That any activity has occurred or will occur that would result in the discharge, on a 
routine or frequent basis, of any toxic pollutant that is not limited in this Order, if that 
discharge will exceed the highest of the following "notification levels" 
(40 CFR § 122.42(a)(1 )): 

a. 100 micrograms per liter (!Jg/L) (40 CFR § 122.42(a)(1 )(i)); 

b. 200 !Jg/L for acrolein and acrylonitrile; 500 jJg/L for 2,4-dinitrophenol and 
2-methyl-4,6-dinitrophenol; and 1 milligram per liter (mg/L) for antimony 
(40 CFR § 122.42(a)(1 )(ii)); 

c. Five (5) times the maximum concentration value reported for that pollutant in the 
Report of Waste Discharge (40 CFR § 122.42(a)(1 )(iii)); or 

. Attachment D - Standard Provisions D-9 



UNITED STATES DEPARTMENT OF THE NAVY 
NAVAL BASE SAN DIEGO 

ORDER NO. R9-2013-0064 
NPDES NO. CA0109169 

d. The level established by the San Diego Water Board in accordance with section 
122.44(f). (40 CFR § 122.42(a)(1 )(iv).) 

2. That any activity has occurred or will occur that would result in the discharge, on a 
non-routine or infrequent basis, of any toxic pollutant that is not limited in this Order, 
if that discharge will exceed the highest of the following "notification levels" 
(40 CFR § 122.42(a)(2)): 

a. 500 micrograms per liter (jJg/L) (40 CFR § 122.42(a)(2)(i)); 

b. 1 milligram per liter (mg/L) for antimony (40 CFR § 122.42(a)(2)(ii)); 

c. Ten (1 0) times the maximum concentration value reported for that pollutant in the 
Report of Waste Discharge (40 CFR § 122.42(a)(2)(iii)); or 

d. The level established by the San Diego Water Board in accordance with section 
122.44(f). (40 CFR § 122.42(a)(2)(iv).) 
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ATTACHMENT E- MONITORING AND REPORTING PROGRAM (MRP) 

USEPA regulations at section 122.48, title 40 of the Code of Federal Regulations 
(40 CFR 122.48) require that all NPDES permits specify monitoring and reporting 
requirements. Water Code sections 13267 and 13383 also authorize the Regional Water 
Quality Control Board (San Diego Water Board) to require technical and monitoring reports. 
This MRP establishes monitoring and reporting requirements, which implement these federal 
regulations and Water Code requirements. 

I. GENERAL MONITORING PROVISIONS 

A. Samples and measurements taken as required herein shall be representative of the 
volume and nature of the monitored discharge. All samples shall be taken at the 
monitoring locations specified below and, unless otherwise specified, before the 
monitoring flow joins or is diluted by any other waste stream, body of water, or 
substance. Monitoring locations shall not be changed without notification to and the 
approval of this San Diego Water Board. 

B. Monitoring must be conducted according to USEPA test procedures approved at 40 
CFR Part 136, Guidelines Establishing Test Procedures for the Analysis of Pollutants 
under the Clean Water Act as amended, unless other test procedures are specified in 
this Order and/or this MRP and/or this San Diego Water Board. 

C. A copy of the monitoring and reports signed, and certified as required by Attachment D, 
Standard Provisions V.B, of this Order, shall be submitted to the San Diego Water 
Board at the address listed in section X.C.5.c this MRP. 

D. The Discharger shall retain records of all monitoring information, including all calibration 
and maintenance records and .all original strip chart recordings for continuous 
monitoring, instrumentation, copies of all reports required by this Order and this MRP, 
and records of all data used to complete the application for this Order. Records shall be 
maintained for a minimum of five years from the date of sample, measurement, report, 
or application. This period may be extended by request of this San Diego Water Board 
or by the US EPA at any time. 

E. All analyses shall be performed in a laboratory certified to perform such analyses by the 
California Department of Health Services or by a laboratory approved by the San Diego 
Water Board. 

F. The Discharger shall report in its cover letter all instances of noncompliance not 
reported under Attachment D, section V.H of this Order at the time monitoring reports 
are submitted. The reports shall contain the information listed in Attachment D, section 
V.E of this Order. 
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G. All monitoring instruments and devices used by the Discharger to fulfill the prescribed 
monitoring program shall be properly maintained and calibrated as necessary to ensure 
their continued accuracy. All flow measurement devices shall be calibrated at least 
once per year to ensure continued accuracy of the devices. 

H. The Discharger shall have, and implement, an acceptable written quality assurance 
(QA) plan for laboratory analyses. When requested by US EPA or the San Diego Water 
Board, the Discharger will participate in the NPDES discharge monitoring report QA 
performance study. The Discharger should have a success rate equal or greater than 
80 percent. 

I. Monitoring results shall be reported at intervals and in a manner specified in this Order 
or in this Monitoring and Reporting Program. 

J. This Monitoring and Reporting Program may be modified by this San Diego Water 
Board as appropriate. 

K. This Order may be modified by the San Diego Water Board and USEPA to enable the 
discharger to participate in comprehensive regional monitoring activities conducted in 
the Regional Harbor Monitoring Program. Minor changes may be made without further 
public notice. 

II. MONITORING LOCATIONS 

A. Monitoring Station Locations 

The Discharger shall establish the following monitoring locations to demonstrate 
compliance with the effluent limitations, discharge specifications, and other 
requirements in this Order. Samples shall be collected at a point or prior to the point of 
discharge, at the designated NPDES sampling station for the effluent as specified in 
Table E-1 below: 

T bl E 1 M "t . St f L f a e - . om ormg a 1on oca 1ons 
Discharge Monitoring 
Location Location Monitoring Location Description 

No. Name 
A location where a representative sample of the intake or source water for 

-- INT-001 
discharges from NGD-001, NGD-002, NGD-003, and NGD-004 can be 

obtained, prior to any contact with pollutants originating from operations at the 
Facility or any other point source discharge. 

A location where a representative sample of the steam condensate discharge 
can be obtained. For monitoring requirements established in this permit, the 

SC-001 SC-001 Dtscharger shall only be required to monitor three representative locations of 
through SC- through SC- steam condensate discharge for each monitoring event. Representative 

175 175 monitoring locations shall be established as described in section IV. A of the 
MRP. The Latitude and Longitude for Monitoring Locations SC-001 through 

SC-175 are identified in Table 2 of this Order. 
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Discharge Monitoring 
Location Location Monitoring Location Description 

No. Name 
A location where a representative sample of the graving dock deflooding and 

NGD-001 NGD-001 salt water rinse can be obtained just prior to, or during the discharge into the 
Bay: 30° 40' 45" N; -117° 7' 30" W 

A location where a representative sample of the graving dock deflooding and 
NGD-002 NGD-002 salt water rinse can be obtained just prior to, or during the discharge into the 

Bay: 30° 40' 45" N; -117° 7' 30" W 

A location where a representative sample of the caisson ballast dewatering can 
NGD-003 NGD-003 be obtained just prior to, or during the discharge into the Bay: 30° 40' 45" N; 

-117° 7' 30" w 
A location where a representative sample of the emergency fire suppression 

NGD-004 NGD-004 and saltwater supply system can be obtained just prior to, or during the 
discharge into the Bay: 30° 40' 45" N; -117° 7' 30" W 

A location where a representative sample of the pier boom, fender, and 
BC-001 BC-001 mooring cleaning discharge can be obtained just prior to, or during the 

discharge into the Bay: 32° 40' 24" N; -11r 7' 1" w 
UV-001 UV-001 

A location where a representative sample of the utility vault and manhole 

through UV- through UV-
dewatering discharge can be obtained. The Latitude and Longitude for 

Monitoring Locations UV-001 through UV-012 are identified in Table 2 of this 
012 012 Order. 

Industrial The Discharger shall identify storm water monitoring locations at a point prior to 

Storm Water 
or at the point of discharge for all "Industrial High Risk Areas" and "Industrial 

-- See 
Low Risk Areas), as identified in Attachment M of this Order. The Discharger 

Attachment 
shall establish monitoring locations as described in section II.B of the MRP. The 

M 
Latitude and Longitude for Monitoring Locations NBSD-001 through NBSD-159 

are identified in Attachment M to this Order. 

The Discharger shall identify storm water monitoring locations at a point prior to 
or at the point of discharge for Small MS4 Areas. Municipal storm water 

Municipal discharge locations at NBSD are identified in Attachment M of this Order. 
Storm Water Municipal storm water discharge locations at the Broadway Complex, Mission 

-- See Gorge Recreational Facility (MGRF), and the Naval Medical Center shall also 
Attachment be identified. The Discharger shall establish monitoring locations as described 

M in section IX.5.B of the MRP. The Latitude and Longitude for Monitoring 
Locations NBSD-001 through NBSD-159 are identified in Attachment M to this 

Order. 

B. Industrial Storm Water Monitoring Location Report 

1. The Discharger shall prepare and submit, no later than November 30, 2013, an 
Industrial Storm Water Monitoring Location Report to identify representative 
monitoring locations for industrial storm water discharges from Industrial High Risk 
Areas, and Industrial Low Risk Areas. The Plan shall contain the following 
information: 

a. The criteria and methods used to identify the representative monitoring locations. 
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b. A map of monitoring locations for each Industrial High Risk Area and Industrial 
Low Risk Area storm water discharge point. Where a single drainage area, or 
similar drainage areas to the same receiving water, discharge to multiple 
discharge points, the Discharger may propose a single monitoring location for 
that drainage area (or similar drainage areas), provided the Discharger submits 
supporting rationale demonstrating that a single monitoring location is 
representative for that drainage area (or similar drainage areas) (i.e., similar 
industrial activities and BMPs). 

c. A tabulation of the proposed representative monitoring locations for industrial 
storm water discharges from Industrial High Risk Areas and Low Risk Areas. 
The tabulation shall include the discharge points, the representative monitoring 
locations for each discharge point, a brief description of the representative 
monitoring location (and drainage area for storm water discharges only), and the 
latitude and longitude for each representative monitoring location. 

2. In the annual storm water monitoring report for industrial storm water discharges, the 
Discharger shall submit a summary of any proposed changes to the representative 
monitoring locations, a rationale for each change in monitoring location, and a 
certification that all monitoring locations are representative of their respective 
discharge locations. 

3. The Discharger shall implement the Industrial Storm Water Monitoring Location 
Report unless otherwise directed in writing by the San Diego Water Board. The 
Discharger shall comply with any conditions set by the San Diego Water Board 
including modification of proposed monitoring locations. 

Ill. INFLUENT MONITORING REQUIREMENTS 

A. Intake Credit Monitoring {INT·001 through INT·004) 

The Discharger shall monitor the intake water in the receiving water for total recoverable 
copper for Discharges NGD-001, NGD-002, NGD-003, and NGD-004 by monitoring 
intake/source water at Monitoring Location No. INT-001 as shown in Table E-2: 

T bl E 2 I t k W t C d"t M a e . n a e a er re IS omtormg 

2 

Parameter I Units I Sample 
I 

Minimum Sampling 
I 

Required Analytical Test 
Type Frequency Method 

Priority Pollutants 

Copper, Total I ~g/L I Grab I 1/evene I 1,2 

Recoverable 
. . 

As spec1f1ed m 40 CFR 136 . 
Effluent samples shall be analyzed for copper according to method 1638 or 1640 unless authorized by this 
San Diego Water Board. The commonly used methods 60108 (lnorganics by ICP-Atomic Emission 
Spectroscopy) and 200.7 (Trace Elements-ICP) have been found to give inaccurate copper readings in 
saline-matrix samples due to interference with the sodium-argon complex, which has a molecular weight 
similar to copper. Method 1638 (ICP/MS) or 1640 (On-Line Chelation) will eliminate the sodium-argon 
complex before the sample is tested for copper. No inaccurate readings for other metals in a saline-matrix 
sample analyzed by methods 60108 or 200.7 are known. 
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3 A USN Graving Dock event is a docking or undocking evolution of a ship in the dry dock. 

IV. INDUSTRIAL PROCESS WASTEWATER EFFLUENT MONITORING REQUIREMENTS 

A. Monitoring Locations SC-001 through SC-175-Steam Condensate 

1. The Discharger shall monitor discharges of steam condensate at a minimum of three 
representative monitoring locations from Monitoring Location Nos. SC-001 through 
SC-175 as shown in Table E-3. The three representative monitoring locations shall 
be chosen at random and may be different each year depending upon which steam 
systems are active. 

T bl E 3 a e - Effl uen t M 't om onng f St or earn c d on t ensa e 

Parameter Units Sample Minimum Sampling Required Analytical Test 
Type Frequency Method 

Flow GPO Estimate5 1/Month Estimate 
Conventional Pollutants 
Total Suspended Solids mg/L Grab 2/Year 1 

Oil and Grease mg/L Grab 2/Year 1 

pH 
standard 

Grab 2/Year 6 

units 
Priority Pollutants 

Copper, Total 
IJg/L Grab 2/Year 1 

Recoverable 
Lead, Total 

IJg/L Grab 2/Year 1 

Recoverable 

Mercury, Total 
IJg/L Grab 2/Year 1 

Recoverable 

Zinc, Total Recoverable IJg/L Grab 2/Year 1 

Remaining Priority 
IJg/L Grab 

1/5 Years3 
1 

Pollutants 

Non-Conventional Pollutants 

Settleable Solids ml!L Grab 2/Year 1 

Temperature OF Grab 2/Year 1 

Turbidity NTU Grab 2/Year 1 

Chronic Toxicity Pass/Fail Grab 2/5 Years2 1,4 

.I .. 
As spec1f1ed m 40 CFR 136. 
The Discharger shall monitor for chronic toxicity within the first year of permit adoption and the fifth year 
following permit adoption. 
The Discharger shall monitor for priority pollutants in the fifth year following permit adoption. 
As specified in section V of this MRP. 

3 

4 

5 

6 

The estimated daily flow for each month shall be reported in the semi-annual self-monitoring reports due on 
August 1 and February 1 of each year. 
Field test with pre and post calibrated portable instrument, or lab sample in accordance with 40 CFR 136. 

2. Annually, by September 1 the Discharger shall submit a list of the chemicals added 
to the steam boiler. 
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B. Monitoring Location Nos. NGD-001 and NGD-002 

The Discharger shall monitor the discharge of graving dock deflooding and salt water 
rinse at Monitoring Location Nos. NGD-001 and NGD-002 as follows in Table E-4: 

Table E-4. Effluent Monitoring for Graving Dock Deflooding & Salt Water Rinse 
Discharges 

Sample 
Minimum Required Analytical Test Method 

Parameter Units Sampling and (Minimum Level, units), . Type 
Frequency4 respectively 

Flow GPO 
Grab or 

1/day Estimate 
Estimate 

Conventional Pollutants 

Total Suspended Solids mg/L Grab 1/Quarter 1 

Oil and Grease mg/L Grab 1/Quarter 1 

pH pH units Grab 1/Quarter 6 

Priority Pollutants 

Copper, Total Recoverable JJg/L Grab 1/Quarter 1,2 

Tributyltin, Total Recoverable jJg/L Grab 1/Year 1 

Remaining CTR Priority 
JJg/L Grab 2/5 Years5 1 

Pollutants 
Non-Conventional Pollutants 

Settleable Solids mi/L Grab 1/Quarter 1 

Turbidity NTU Grab 1/Quarter 1 

Temperature OF Grab 1/Quarter 1 

Chronic Toxicity Pass/Fail Grab 1/Year 1,3 

. . 
As spec1f1ed 1n 40 CFR 136 . 

2 Samples shall be analyzed for copper according to method 1638 or 1640. The commonly used methods 60108 
(lnorganics by ICP-Atomic Emission Spectroscopy) and 200.7 (Trace Elements-ICP) have been found to give 
inaccurate copper readings in saline-matrix samples due to interference with the sodium-argon complex, which 
has a molecular weight similar to copper. Method 1638 (ICP/MS) or 1640 (On-Line Chelation) will eliminate the 
sodium-argon complex before the sample is tested for copper. No inaccurate readings for other metals in a 
saline-matrix sample that is analyzed by methods 60108 or 200.7 are known. 

3 As specified in section V of this MRP. 
4 No monitoring is required during any period where there is no discharge. 
5 The Discharger shall monitor for priority pollutants in the first and fifth year following permit adoption. 
6 Field test with pre and post calibrated portable instrument, or lab sample in accordance with 40 CFR 136. 

Attachment E- Monitoring and Reporting Program E-8 



UNITED STATES DEPARTMENT OF THE NAVY 
NAVAL BASE SAN DIEGO 

C. Monitoring Location No. NGD-003 

ORDER NO. R9-2013-0064 
NPDES NO. CA0109169 

The Discharger shall monitor the discharge of caisson gate ballast water effluent at 
Monitoring Location No. NGD-003 as follows in Table E-5: 

a e -T bl E 5 Effl uen om ormg or a1sson t M "t f c . ae a as a er G t B II t W t Effl uen t 

Sample 
Minimum Required Analytical Test Method 

Parameter Units 
Type 

Sampling and (Minimum Level, units), 
Frequency respectively 

Flow GPO 
Grab or 

1/Day Estimate 
Estimate6 

Conventional Pollutants 

Total Suspended Solids mg/L Grab 1/Year 1 

Oil and Grease mg/L Grab 1/Year 1 

pH pH units Grab 1/Year 5 

Priority Pollutants 

Cadmium, Total Recoverable IJg/L Grab 1/Year 1 

Copper, Total Recoverable IJg/L Grab 1/Year 1,2 

Nickel, Total Recoverable IJg/L Grab 1/Year 1 

Silver, Total Recoverable IJg!L Grab 1/Year 1 

Zinc, Total Recoverable IJg/L Grab 1/Year 1 

Remaining CTR Priority 
IJgiL Grab 2/5 Years4 1 

Pollutants 

Non-Conventional Pollutants 

Settleable Solids mi/L Grab 1/Year 1 

Turbidity NTU Grab 1/Year 1 

Temperature OF Grab 1/Year 1 

Chronic Toxicity Pass/Fail Grab 1/Year 1,3 

. . 
As spec1f1ed 1n 40 CFR 136 . 

2 Samples shall be analyzed for copper according to method 1638 or 1640. The commonly used methods 60108 
(lnorganics by ICP-Atomic Emission Spectroscopy) and 200.7 (Trace Elements-ICP) have been found to give 
inaccurate copper readings in saline-matrix samples due to interference with the sodium-argon complex, which 
has a molecular weight similar to copper. Method 1638 (ICP/MS) or 1640 (On-Line Chelation) will eliminate the 
sodium-argon complex before the sample is tested for copper. No inaccurate readings for other metals in a 
saline-matrix sample that is analyzed by methods 601 OB or 200.7 are known. 

3 As specified in section V of this MRP. 
4 The Discharger shall monitor for priority pollutants in the first and fifth year following permit adoption. 
5 Field test with pre and post calibrated portable instrument, or lab sample in accordance with 40 CFR 136. 
6 The estimated daily flow for each month shall be reported in the annual self-monitoring reports due on 

September 1. 
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The Discharger shall monitor the discharge of emergency fire suppression water and 
salt water supply water at Monitoring Location No. NGD-004 as follows in Table E-6: 

Table E-6. Effluent Monitoring for Emergency Fire Suppression and Salt Water Supply 
Discharges 

Sample 
Minimum Required Analytical Test Method 

Parameter Units 
Type 

Sampling and (Minimum Level, units), 
Frequency respectively 

Flow GPO 
Grab or 

1/day Estimate 
Estimate6 

Conventional Pollutants 

Total Suspended Solids mg/L Grab 1/Year 1 

Oil and Grease mg/L Grab 1/Year 1 

pH pH units Grab 1/Year 5 

Priority Pollutants 

Copper, Total Recoverable f.Jg/L Grab 1/Year 1,2 

Nickel, Total Recoverable f.Jg/L Grab 1/Year 1 

Silver, Total Recoverable f.Jg/L Grab 1/Year 1 

Zinc, Total Recoverable f.Jg/L Grab 1/Year 1 

Remaining CTR Priority 
f.Jg/L Grab 2/5 Years3 1 

Pollutants 

Non-Conventional Pollutants 

Settleable Solids mi/L Grab 1/Year 1 

Turbidity NTU Grab 1/Year 1 

Temperature OF Grab 1/Year 1 

Chronic Toxicity Pass/Fail Grab 1/Year 1,4 

. . 
As spec1f1ed m 40 CFR 136 . 

2 Samples shall be analyzed for copper according to method 1638 or 1640. The commonly used methods 601 OB 
(lnorganics by ICP-Atomic Emission Spectroscopy) and 200.7 (Trace Elements-ICP) have been found to give 
inaccurate copper readings in saline-matrix samples due to interference with the sodium-argon complex, which 
has a molecular weight similar to copper. Method 1638 (ICP/MS) or 1640 (On-Line Chelation) will eliminate the 
sodium-argon complex before the sample is tested for copper. No inaccurate readings for other metals in a 
saline-matrix sample that is analyzed by methods 601 OB or 200.7 are known. 

3 The Discharger shall monitor for priority pollutants within the first year of permit adoption and the fifth year 
following permit adoption. 

4 As specified in section V of this MRP. 
5 Field test with pre and post calibrated portable instrument, or lab sample in accordance with 40 CFR 136. 
6 The estimated daily flow for each month shall be reported in the annual self-monitoring reports due on 

September 1. 
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1. The Discharger shall monitor the discharge from pier boom, fender, and mooring 
cleaning at Monitoring Location No. BC-001 as follows in Table E-7: 

T bl E 7 a e - Effl uen t M 't om ormg or 1er f p· 8 oom, F d en er, an dM oormg Cl eanmg 

Parameter Units Sample Type 
Minimum Sampling Required Analytical 

Frequency Test Method 
Flow GPO Estimate 1/Year Estimate 

Conventional Pollutants 
Total Suspended Solids mg/L Grab 1/Year 1 

Oil and Grease mg/L Grab 1/Year 1 

pH standard units Grab 1/Year 5 

Priority Pollutants 

Benzo (b) Fluoranthene f.Jg/L Grab 1/Year 1 

Benzo (k) Fluoranthene f.Jg/L Grab 1/Year 1 

Chrysene 1-Jg/L Grab 1/Year 1 

Copper, Total 
1-Jg/L Grab 1/Year 1,2 

Recoverable 

Remaining Priority 
1-Jg/L Grab 2/5 Years3 1 

Pollutants 

Non-Conventional Pollutants 

Settleable Solids ml/L Grab 1/Year 1 

Temperature OF Grab 1/Year 1 

Turbidity NTU Grab 1/Year 1 

Chronic Toxicity Pass/Fail Grab 1/Term of Permit 1.4 

. . 
As spec1f1ed 1n 40 CFR 136 . 

2 

3 

Effluent samples shall be analyzed for copper according to method 1638 or 1640. The commonly used 
methods 601 OB (lnorganics by ICP-Atomic Emission Spectroscopy) and 200.7 (Trace Elements-ICP) have 
been found to give inaccurate copper readings in saline-matrix samples due to interference with the sodium
argon complex, which has a molecular weight similar to copper. Method 1638 (ICP/MS) or 1640 (On-Line 
Chelation) will eliminate the sodium-argon complex before the sample is tested for copper. No inaccurate 
readings for other metals in a saline-matrix sample analyzed by methods 601 OB or 200.7 are known. 

4 

5 

The Discharger shall monitor for priority pollutants within the first year of permit adoption and the fifth year 
following permit adoption. 
As specified in section V of this MRP. 
Field test with pre and post calibrated portable instrument, or lab sample in accordance with 40 CFR 136. 

2. Annually, by September 1, the Discharger shall submit a log of the pier boom, 
fender, and mooring cleaning activity including the duration, the personnel in charge 
of the cleaning, the quantity of the discharge, the date, a summary of any potential 
impacts to receiving water quality, and a summary regarding the description and 
location of any booms removed from the San Diego Bay to be cleaned because of 
oil or other pollutants. 
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F. Monitoring Locations UV-001 through UV-012 Utility Vault and Manhole 
Dewatering Monitoring 

1. The Discharger shall monitor the discharge from utility vault and manhole 
dewatering at a minimum of three representative monitoring locations, including at 
least one electrical vault discharge, and one manhole discharge as shown in Table 
E-8. Monitoring is only required for each type of discharge if there is a discharge for 
that type during the monitoring period. The electrical vault representative monitoring 
location shall be chosen from Monitoring Location Nos. UV-001 through UV-012 and 
shall change each year. The manhole discharge monitoring location shall be chosen 
at random and may be different each year. 

T bl E 8 Effl t M "t . f Ufrt V It d M h I D a e - . uen om ormg or I Jty au an an oe ewatermg 

Parameter Units 
Sample Minimum Sampling Required Analytical 

Type Frequency Test Method 
Flow GPO Estimate 1/Year Estimate 

Conventional Pollutants 
Total Suspended Solids mg/L Grab 1/Year 1 

Total Petroleum 
mg/L Grab 1/Year 1 

Hydrocarbons (TPH) 2 

Oil and Grease mg/L Grab 1/Year 1 

pH 

2 

3 

standard 
Grab 1/Year 3 

units 
. . 

As spec1f1ed 1n 40 CFR 136 . 
TPH as gasoline (TPH-g)- Report Benzene, Ethylbenzene, Toluene, and Xylene. Also analyze for TPH 
Diesel (TPH-d). 
Field test with pre and post calibrated portable instrument, or lab sample in accordance with 40 CFR 136. 

2. Annually, by September 1, Discharger shall submit a log of the utility vault and 
manhole dewatering discharges. For vaults with automatic sump pumps, the log 
shall include the total volume of each discharge point for each calendar quarter. For 
vaults or manholes that are dewatered manually, the log shall describe the volume, 
flow rate, location of the discharge, date, and receiving water body. 

V. WHOLE EFFLUENT TOXICITY TESTING REQUIREMENTS 

A. Acute Toxicity 

1. Monitoring Frequency for Industrial High Risk Storm Water Discharges 

The Discharger shall conduct acute toxicity monitoring at the frequencies specified in 
section IX.A.3.a of this MRP and Table E-11. For storm water sampling, sampling 
shall occur during storm events or if storm water is collected, prior to the release of 
storm water to the receiving water. 
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The Discharger shall conduct a species sensitivity screening for acute toxicity on a 
representative sample which shall include one vertebrate and one invertebrate 
during the first required monitoring period. The species sensitivity screening 
samples shall also be analyzed for the parameters required for the discharge. The 
test species that exhibits the highest percent effect at the in-stream waste 
concentration (IWC) during a species sensitivity screening (i.e. the most sensitive 
species) shall be utilized for routine monitoring during the permit cycle. Routine 
toxicity test design shall, at a minimum, include a single-concentration analysis of 
the IWC compared to a control. 

The Discharger shall follow the methods for acute toxicity tests as established in 
Code of Federal Regulations, title 40, section 136.3 using a single-concentration test 
design for routine monitoring, or a five-concentration test design for accelerated 
monitoring. The United States Environmental Protection Agency (U.S. EPA) method 
manuals referenced therein include Methods for Measuring the Acute Toxicity of 
Effluents and Receiving Waters to Freshwater and Marine Organisms, Fifth Edition 
(EPA-821-R-02-012). 

All toxicity tests shall be conducted as soon as possible following sample collection. 
The 36-hour sample holding time for test initiation shall be targeted. However, no 
more than 72 hours shall elapse before the conclusion of sample collection and test 
initiation. 

3. Compliance Determination 

The Maximum Daily Effluent Limitation (MDEL) for acute toxicity is exceeded and a 
violation will be flagged when a toxicity test during routine monitoring results in a 
"fail" in accordance with the TST approach and the percent effect is greater than or 
equal to 0.40. 

The determination of "Pass" or "Fail" from a single effluent concentration acute 
toxicity test at the IWC of 100 percent effluent shall be determined using the Test of 
Significant Toxicity (TST) approach described in National Pollutant Discharge 
Elimination System Test of Significant Toxicity Implementation Document (EPA 833-
R-10-003, 2010). 

The Discharger shall report the results of reasonable potential analyses, species 
sensitivity screenings, and routine toxicity tests to the San Diego Water Board as 
either a "pass" or a "fail" at the IWC, in accordance with the TST approach and 
provide the calculated percent effect at the IWC. The methodology for determining 
"pass", "fail" and "percent effect" is provided below. 
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Pass 

An acute toxicity test result that rejects the null hypothesis (Ho) below is reported as 
"pass" in accordance with the TST approach: 

Ho: Mean response (1 00 percent effluent) ::; 0.80 x Control mean response 

Fail 

An acute toxicity test result that does not reject the null hypothesis (Ho) above is 
reported as "fail" in accordance with the TST approach. 

Percent Effect 

The percent effect at the IWC is calculated for each acute toxicity test result using 
the following equation: 

% Effect at IWC = Mean Control Response - Mean IWC Response * 1 00 
Mean Control Response 

4. Acute Toxicity MDEL Exceedance Follow-up Action 

An acute toxicity test result during routine monitoring indicating a "fail" with a percent 
effect at or above 0.40 is an exceedance of the acute toxicity MDEL. The 
Discharger shall implement corrective action to abate the source of the toxicity within 
24 hours from the time the Discharger becomes aware of an MDEL exceedance, if 
the source of toxicity is known (e.g. operational upset). The Discharger shall also 
conduct an additional acute toxicity test within the same calendar month that the 
exceedance occurred or, in the event laboratory monitoring results are not received 
during the same month when the sampling was performed, the next qualifying storm 
event after receiving results of an exceedance for storm water discharges. 

5. Industrial Storm Water from High Risk Areas 

If the additional test result for industrial storm water from high risk areas results in a 
"pass", the Discharger may return to routine monitoring for the following monitoring 
period. If the verification test results in a "fail" at a percent effect greater than or 
equal to 0.20, the Discharger shall implement an approved Toxicity Reduction 
Evaluation (TRE) Work plan as set forth below in section V.E of this MRP. The 
requirement for a TRE may be waived by the San Diego Water Board on a case-by
case basis if implementation of a previously approved TRE Work Plan is already 
underway for the sampled discharge point. 
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The Discharger shall conduct chronic toxicity monitoring at the frequencies specified 
in Tables E-3 through E-7 and Table E-11. 

2. Marine and Estuarine Species and Test Methods 

The Discharger shall conduct a species sensitivity screening for chronic toxicity on a 
representative sample which shall include one vertebrate, one invertebrate and one 
aquatic plant during the first required monitoring period. The species sensitivity 
screening samples shall also be analyzed for the parameters required for the 
discharge. The test species that exhibits the highest percent effect at the IWC 
during a species sensitivity screening (i.e. the most sensitive species) shall be 
utilized for routine monitoring during the permit cycle. Routine toxicity test design 
shall, at a minimum, include a single-concentration analysis of the IWC compared to 
a control. 

The Discharger shall follow the methods for chronic toxicity tests as established in 
Code of Federal Regulations, title 40, section 136.3 using a single-concentration test 
design for routine monitoring, or a five-concentration test design for accelerated 
monitoring. The United States Environmental Protection Agency (U.S. EPA) method 
manuals referenced therein include Short-term Methods for Estimating the Chronic 
Toxicity of Effluents and Receiving Waters to Freshwater Organisms, Fourth Edition 
(EPA-821-R-02-013), and Short-term Methods for Estimating the Chronic Toxicity of 
Effluents and Receiving Waters to Marine and Estuarine Organisms, Third Edition 
(EPA-821-R-02-014). Additional methods for chronic toxicity monitoring are outlined 
in Short-term Methods for Estimating the Chronic Toxicity of Effluents and Receiving 
Waters to West Coast Marine and Estuarine Organisms, First Edition (EPA-600-R-
95-136). 

For discharges to marine and estuarine waters, the Discharger shall conduct a static 
renewal toxicity test with the topsmelt, Atherinops affinis (larval Survival and Growth 
Test Method 1006.01); a static non-renewal toxicity test with the giant kelp, 
Macrocystis pyrifera (Germination and Growth Test Method 1 009.0); and a static 
non-renewal toxicity test with the purple sea urchin, Strongylocentrotus purpuratus, 
(Embryo-larval Development Test Method). For discharges to a fresh water surface 
water, the Discharger shall conduct a static renewal toxicity test with one vertebrate, 
one aquatic plant, and one invertebrate species. 

If laboratory-held cultures of the topsmelt, Atherinops affinis, are not available for 
testing, then the Discharger shall conduct a static renewal toxicity test with the inland 
silvers ide, Menidia beryl/ina (Larval Survival and Growth Test Method 1006.01 ), 
found in the third edition of Short-term Methods for Estimating the Chronic Toxicity of 
Effluents and Receiving Waters to Marine and Estuarine Organisms (EPA-821-R-02-
014, 2002; Table lA, 40 CFR Part 136). Additional species may be used by the 
Discharger if approved by the San Diego Water Board. 
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All toxicity tests shall be conducted as soon as possible following sample collection. 
The 36-hour sample holding time for test initiation shall be targeted. However, no 
more than 72 hours shall elapse before the conclusion of sample collection and test 
initiation. 

3. Compliance Determination 

The Maximum Daily Effluent Limitation (MDEL) for chronic toxicity is exceeded and a 
violation will be flagged when a toxicity test during routine monitoring results in a 
"fail" in accordance with the TST approach and the percent effect is greater than or 
equal to 0.50. 

The Median Monthly Effluent Limitation (MMEL) for chronic toxicity is exceeded and 
a violation will be flagged when the median results of three independent toxicity 
tests, conducted within the same calendar month, and analyzed using the TST, (i.e. 
two out of three) is a "fail." 

The determination of "Pass" or "Fail" from a single effluent concentration chronic 
toxicity test at the IWC of 100 percent effluent shall be determined using the Test of 
Significant Toxicity (TST) approach described in National Pollutant Discharge 
Elimination System Test of Significant Toxicity Implementation Document (EPA 833-
R-10-003, 2010). 

The Discharger shall report the results of reasonable potential analyses, species 
sensitivity screenings, and routine toxicity tests to the San Diego Water Board as 
either a "pass" or a "fail" at the IWC, in accordance with the TST approach and 
provide the calculated percent effect at the IWC. The methodology for determining 
"pass", "fail" and "percent effect" is provided below. 

Pass 

A chronic toxicity test result that rejects the null hypothesis (Ho) below is reported as 
"pass" in accordance with the TST approach: 

Ho: Mean response (1 00 percent effluent)~ 0.75 x Control mean response 

Fail 

A chronic toxicity test result that does not reject the null hypothesis (Ho) above is 
reported as "fail" in accordance with the TST approach. 

Percent Effect 

The percent effect at the IWC is calculated for each chronic toxicity test result using 
the following equation: 
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% Effect at IWC = Mean Control Response - Mean IWC Response * 1 00 
Mean Control Response 

4. Chronic Toxicity MDEL Exceedance Follow-up Action 

A chronic toxicity test result during routine monitoring indicating a "fail" with a 
percent effect at or above 0.50 is an exceedance of the chronic toxicity MDEL. The 
Discharger shall implement corrective action to abate the source of the toxicity within 
24 hours from the time the Discharger becomes aware of an MDEL exceedance, if 
the source of toxicity is known (e.g. operational upset). The Discharger shall also 
conduct an additional toxicity test within the same calendar month that the 
exceedance occurred or, in the event laboratory monitoring results are not received 
during the same month when the sampling was performed, the next discharge event 
after receiving results of an exceedance. 

5. Industrial Process Wastewater 

If the additional test result for industrial process wastewater results in a "pass", the 
Discharger may return to routine monitoring for the following monitoring period. If 
the verification test results in a "fail" at a percent effect greater than or equal to 0.25, 
the Discharger shall implement an accelerated monitoring schedule for chronic 
toxicity as set forth below in section V.D of this MRP. 

6. High Risk Industrial Storm Water 

The chronic toxicity test results shall be used in the US Navy's study on chronic 
toxicity described in section VI.C.2.a of the Order. If both the chronic toxicity test 
results at the end of pipe for high risk industrial storm water and the concurrent 
receiving water chronic toxicity test result in a "fail", the discharger shall conduct a 
toxicity reduction evaluation (TRE) as required in section V.E of this MRP. The 
requirement for a TRE may be waived by the San Diego Water Board on a case-by
case basis if implementation of a previously approved TRE Work Plan is already 
underway for the sampled discharge point. 

C. Quality Assurance 

Quality assurance measures, instructions, and other recommendations and 
requirements are found in the test methods manual previously referenced. Additional 
requirements are specified below. 

1. This discharge is subject to a determination of "Pass" or "Fail" from a single-effluent 
concentration toxicity test at the IWC (for statistical flowchart and procedures, see 
National Pollutant Discharge Elimination System Test of Significant Toxicity 
Implementation Document, Appendix A, Figure A-1). The chronic and acute IWC for 
applicable discharges is 1 00 percent effluent. 
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2. Effluent dilution water and control water should be prepared and used as specified in 
the test methods manuals, Methods for Measuring the Acute Toxicity of Effluents 
and Receiving Waters to Freshwater and Marine Organisms, Fifth Edition (EPA-821-
R-02-012) and Short-term Methods for Estimating the Chronic Toxicity of Effluents 
and Receiving Waters to West Coast Marine and Estuarine Organisms (EPA/600/R-
95/136, 1995). If the dilution water is different from test organism culture water, then 
a second control using culture water shall also be used. 

3. If organisms are not cultured in-house, then concurrent testing with a reference 
toxicant shall be conducted. If organisms are cultured in-house, then monthly 
reference toxicant testing is sufficient. Reference toxicant tests and effluent toxicity 
tests shall be conducted using the same test conditions (e.g., same testduration, 
etc.). 

4. All multi-concentration reference toxicant test results must be reviewed and reported 
according to USEPA guidance on the evaluation of concentration-response 
relationships found in Method Guidance and Recommendations for Whole Effluent 
Toxicity (WET) Testing (40 CFR 136) (EPA 821-B-00-004, 2000). 

5. If either the reference toxicant or effluent toxicity tests do not meet all test 
acceptability criteria in the test methods manual, then the Discharger shall resample 
and retest within 14 days (or as soon as possible for storm water). 

D. Accelerated Chronic Toxicity Testing Monitoring Schedule 

The Discharger shall implement an accelerated chronic toxicity monitoring schedule, 
as required by section V.B.5 of this MRP for industrial process wastewater discharges, 
consisting of four, five-concentration chronic toxicity tests, conducted at approximately 
two-week intervals, over an eight-week period. All toxicity tests conducted during an 
accelerated monitoring schedule shall, at a minimum, include the IWC and four 
additional concentrations. The additional effluent concentrations should provide useful 
information regarding the intensity and persistence of the toxic effect(s). If all of the 
additional tests result in a "pass", the Discharger may return to routine monitoring for the 
following monitoring period. If any one of the additional tests result in a "fail" and exhibit 
a percent effect equal to or greater than 0.25, the Discharger shall implement an 
approved Toxicity Reduction Evaluation (TRE) Work plan as set forth below in section 
V.E of this MRP. The requirement for a TRE may be waived by the San Diego Water 
Board on a case-by-case basis if implementation of a previously approved TRE Work 
Plan is already underway for the sampled discharge point. 

E. Toxicity Reduction Evaluation (TRE) 

1. TRE Work Plan Submittal. The Discharger shall prepare and submit a TRE Work 
plan to the San Diego Water Board no later than 30 days from the time the 
Discharger becomes aware that: 

Attachment E- Monitoring and Reporting Program E-18 



UNITED STATES DEPARTMENT OF THE NAVY 
NAVAL BASE SAN DIEGO 

ORDER NO. R9-2013-0064 
NPDES NO. CA0109169 

2. A TRE work plan is required by section V.D of this MRP for an industrial process 
wastewater discharge which had a chronic toxicity test result during accelerated 
monitoring that resulted in a "fail" and exhibited a percent effect greater than or 
equal to 0.25; or 

3. A TRE work plan is required by section V.A.5 of this MRP for a high risk industrial 
storm water discharge which had an additional acute toxicity test conducted 
following an MDEL exceedance that results in a "fail" and exhibits a percent effect 
greater than or equal to 0.20. 

4. A TRE work plan is required by section V.B.6 of this MRP for a high risk industrial 
storm water discharge which had a chronic toxicity test and a concurrent receiving 
water sample test both result in a "fail" and exhibit a percent effect greater than or 
equal to 0.25. 

5. TRE Work Plan. The TRE Work Plan shall be in conformance with the USEPA 
manual "Generalized Methodology for Conducting Industrial Toxicity Reduction 
Evaluations (EPA/60012-881070, 1989)." The TRE Work Plan shall also include the 
following information: 

a. A description of the actions to be undertaken by the Discharger to investigate, 
identify, and correct the causes of toxicity; 

b. If the MDEL noncompliance has not been corrected, the amount of time it is 
expected to continue; 

c. A description of the steps taken or planned to reduce, eliminate and prevent 
recurrence of the MDEL noncompliance; and 

d. A schedule for completion of all activities and submission of a final report. 

6. TRE Work Plan Implementation. The Discharger shall implement the TRE Work 
Plan unless otherwise directed in writing by the San Diego Water Board. The 
Discharger shall comply with any additional conditions set by the San Diego Water 
Board. 
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7. TRE Progress Reports. The Discharger shall prepare and provide written 
semiannual progress reports which: (1) describe the actions that have been taken 
toward achieving compliance with the acute or chronic toxicity MDEL for the 
previous six months; (2) describe all activities including, data collection and other 
field activities which are scheduled for the next year and provide other information 
relating to the progress of work; (3) identify any modifications to the compliance 
plans that the Discharger proposed to the San Diego Water Board or that have been 
approved by San Diego Water Board during the previous six months; and (4) include 
information regarding all delays encountered or anticipated that may affect the future 
schedule for completion of the actions required to attain compliance with the MDEL, 
and a description of all efforts made to mitigate those delays or anticipated delays. 
These progress reports shall be submitted to the San Diego Water Board by the 
(15th) day of June and December of each year following the adoption of this Order. 
Submission of these progress reports shall continue until compliance with the MDEL 
is achieved. 

8. Toxicity Identification Evaluation. Based upon the magnitude and persistence of 
the acute and chronic toxicity, the Discharger may initiate a Toxicity Identification 
Evaluation (TIE) as part of a TRE to identify the causes of toxicity using the same 
species and test method and, as guidance, EPA manuals: Methods for Aquatic 
Toxicity Identification Evaluations: Phase I Toxicity Characterization Procedures 
(EPA/600/6-91/003, 1991 ); Methods for Aquatic Toxicity Identification Evaluations, 
Phase II Toxicity Identification Procedures for Samples Exhibiting Acute and Chronic 
Toxicity (EPA/600/R-92/080, 1993); Methods for Aquatic Toxicity Identification 
Evaluations, Phase Ill Toxicity Confirmation Procedures for Samples Exhibiting 
Acute and Chronic Toxicity (EPA/600/R-92/081, 1993); and Marine Toxicity 
Identification Evaluation (TIE): Phase I Guidance Document (EPA/600/R-96-054, 
1996). If a TIE is undertaken, the Discharger shall prepare and submit a work plan 
to the San Diego Water Board containing the following elements and comply with 
any conditions set by the Board: 

a. Criteria for initiating a TIE on a sample; 
b. Roles and responsibilities of the team conducting the TIE; 
c. Study design, sample treatments, and chemical analysis; 
d. Data evaluation and communication; 
e. Follow-up actions; and 
f. A schedule for completion of all activities and submission of a final report. 
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F. Violations 

An exceedance of the MDEL or MMEL during routine monitoring is a violation. Any 
exceedances occurring during a required accelerated monitoring period and, if 
appropriate, a TRE period shall not constitute additional violations provided that: (1) the 
Discharger proceeds with the accelerated monitoring and TRE (if required) in a timely 
manner; and (2) the accelerated monitoring and TRE are completed within one year of 
the initial exceedance. The San Diego Water Board has the discretion to impose 
additional violations and initiate an enforcement action for toxicity tests that result in a 
"fail" after one year from the initial violation. Additionally, a discharger's failure to initiate 
an accelerated monitoring schedule or conduct a TRE, as required by this Order will 
result in all exceedances being considered violations of the MDEL or MMEL and may 
result in the initiation of an enforcement action. 

G. Reporting of Toxicity Monitoring Results 

1. The Discharger shall submit a full laboratory report for all toxicity testing as an 
attachment to the monitoring report. The laboratory report shall contain: the toxicity 
test results; the dates of sample collection and initiation of each toxicity test; all 
results for effluent parameters monitored concurrently with the toxicity test(s). 

2. The Discharger shall provide the actual test endpoint responses for the control 
(i.e., the control mean) and the IWC (i.e., the IWC mean) for each toxicity test to 
facilitate the review of test results and determination of reasonable potential for 
toxicity by the permitting authority. 

3. The Discharger shall notify the San Diego Water Board in writing within 14 days of 
receipt of any test result with an exceedance of the toxicity limit. This notification 
shall describe actions the Discharger has taken or will take to investigate, identify, 
and correct the causes of toxicity; the status of actions required by this permit; and 
schedule for actions not yet completed; or reason(s) that no action has been taken. 

VI. LAND DISCHARGE MONITORING REQUIREMENTS 

[Not Applicable] 

VII. RECLAMATION MONITORING REQUIREMENTS 

[Not Applicable] 
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VIII. RECEIVING WATER MONITORING REQUIREMENTS- SURFACE WATER 

A. Receiving Water and Sediment Monitoring 

1. Receiving water and sediment monitoring shall be performed by the Discharger to 
assess compliance with receiving water limits. The receiving water monitoring 
requirements in Monitoring and Reporting Program No. R9-2002-0169 for NBSD and 
Monitoring and Reporting Program No. R9-2003-0265 shall continue to be 
implemented until the receiving water and sediment monitoring program in this Order 
below is implemented. 

2. Monitoring Coalition Reopener. To achieve maximum efficiency and economy of 
resources, the San Diego Water Board encourages and may require San Diego Bay 
dischargers to establish or join a San Diego Bay water body monitoring coalition. If 
a San Diego Bay monitoring coalition is formed, revised monitoring requirements will 
likely be established. 

3. Water and Sediment Monitoring Plan. The Discharger shall prepare and submit a 
Water and Sediment Monitoring Plan to assess compliance with Receiving Water 
Limitations of this Order. The Water and Sediment Monitoring Plan shall be 
submitted within twelve (12) months of the effective date of this Order and shall 
contain the following elements: 

a. Quality Assurance Project Plan. A Quality Assurance Project Plan (QAPP) 
describing the project objectives and organization, functional activities, and 
quality assurance/quality control protocols for the water and sediment monitoring. 

b. Sampling and Analysis Plan. A Sampling and Analysis Plan must be proposed 
based on methods or metrics described in 40 CFR 136, Guidelines Establishing 
Test Procedures for the Analysis of Pollutants under the Clean Water Act and the 
SWRCB Sediment Quality Plan. The plan shall include a list of chemical 
analytes for the water column and sediment as well as frequency and monitoring 
locations. 

i. Water Column Sampling 

a) Frequency: The Sampling and Analysis Plan must propose the frequency 
and timing for water column sampling. The minimum frequency of 
sampling is shown in table E-9 below. The proposed sampling must be 
based upon results on the fate and transport of pollutants from the 
conceptual model (see c, below). 

b) Pollutants: The Sampling and Analysis Plan must propose what pollutants 
will be monitored. At a minimum, monitoring must include the pollutants 
and frequency in Table E-9 below: 

Attachment E- Monitoring and Reporting Program E-22 



UNITED STATES DEPARTMENT OF THE NAVY 
NAVAL BASE SAN DIEGO 

ORDER NO. R9-2013-0064 
NPDES NO. CA0109169 

T bl E 9 a e - M". 1mmum R ece1vmg W t M "t a er om ormg R t eqUiremen s 
Minimum Required Analytical 

Parameter Units Sample Type Sampling 
Frequency 

Test Method 

Priority Pollutants 
Cadmium, Total 

J.lg/L Grab 1/Year 1 

Recoverable 

Copper, Total 
J.lg/L Grab 1/Year 1,2 

Recoverable 

Mercury, Total 
J.lg/L Grab 1/Year 1 

Recoverable 

Nickel, Total 
J.lg/L Grab 1/Year 1 

Recoverable 

Zinc, Total Recoverable J.lg/L Grab 1/Year 1 

Remaining CTR Priority 
J.lg/L Grab 1/5 Years 1, 3 

Pollutants 

Non-Conventional Pollutants 
Temperature OF Grab 1/Year 1 

Chronic Toxicity Pass/Fail Grab 2/Year 4 

2 

3 

4 

.. 
As spec1f1ed m 40 CFR 136. 
Effluent samples shall be analyzed for copper according to method 1638 or 1640. The commonly used 
methods 60108 (lnorganics by ICP-Atomic Emission Spectroscopy) and 200.7 (Trace Elements-ICP) 
have been found to give inaccurate copper readings in saline-matrix samples due to interference with the 
sodium-argon complex, which has a molecular weight similar to copper. Method 1638 (ICP/MS) or 1640 
(On-Line Chelation) will eliminate the sodium-argon complex before the sample is tested for copper. No 
inaccurate readings for other metals in a saline-matrix sample analyzed by methods 601 OB or 200.7 are 
known. 
The Discharger shall monitor for priority pollutants within the first year following permit adoption. 
The Discharger shall monitor chronic toxicity twice per year concurrently with the end of pipe high risk 
industrial storm water discharge monitoring required in Table E-11 of this MRP. The receiving water 
chronic toxicity sample shall be collected in the receiving water adjacent to the storm drain outfall 
sampled in Table E-11 during the storm event 

ii. Sediment Sampling 

a) Frequency: Sediment chemistry, toxicity and benthic organism monitoring 
shall be done, at a minimum twice during the term of this Order. 

b) Sediment Chemistry, Toxicity, and Benthic Community Condition: 
Sediment chemistry, toxicity and benthic community monitoring shall be 
done in accordance with, at a minimum, the requirements under the 
SWRCB Sediment Quality Plan. The proposal must also include the 
following: 

1) Sediment Chemistry: Bulk sediment chemical analysis shall include at 
a minimum the pollutants identified in Attachment A of the SWRCB 
Sediment Quality Plan and listed in Attachment K of this Order. 
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2) Sediment Toxicity: A 1 0-Day amphipod survival test shall be 
performed using a species tolerant of the sample salinity and grain size 
characteristics (e.g., Hyalella azteca or Eohaustorius estuaries) as 
specified in the SWRCB Sediment Quality Plan. The results shall be 
recorded as "Percent of control survival". 

3) Benthic Community- Subtidal Habitat: For discharges to unvegetated 
subtidal, the benthic community shall be evaluated using the line of 
evidence approach in Section V.G of the SWRCB Sediment Quality 
Plan. For discharges to vegetated subtidal (Zostera marina), the 
proposed benthic community monitoring must be conducted in 
accordance with Section V.J of the SWRCB Sediment Quality Plan and 
utilize a reference site approach to assess the benthic invertebrate 
community and impacts to Zostera marina as a line of evidence. 
Assessment of Zostera marina must be done in accordance with the 
Southern California Eelgrass Mitigation Policy. 

111. Conceptual Model. A Conceptual Model identifying the physical and chemical 
factors that control the fate and transport of pollutants and receptors that 
could be exposed to pollutants in the water and sediment shall be developed 
and included in the Water and Sediment Monitoring Plan. The Conceptual 
Model will serve as the basis for assessing the appropriateness of the Water 
and Sediment Monitoring Plan design. The Conceptual Model shall consider: 

a) Points of discharge into the segment of the water body or region of 
interest; 

b) Tidal flow and/or direction of predominant currents; 
c) Historic or legacy conditions in the vicinity; 
d) Nearby land and marine uses or actions; 
e) Beneficial Uses; 
f) Potential receptors of concern; 
g) Change in grain size salinity water depth and organic matter; and 
h) Other sources or discharges in the immediate vicinity. 

iv. Spatial Representation. The Water and Sediment Monitoring Plan shall be 
designed to ensure that the sample stations are spatially representative of the 
water and sediment within the water body segment or region of interest. 

v. Existing Data and Information. The Water and Sediment Monitoring Plan 
design shall take into consideration existing data and information of 
appropriate quality including ongoing monitoring programs conducted by 
other entities. 

vi. Strata. Identification of appropriate strata shall consider characteristics of the 
water body including sediment transport, hydrodynamics, depth, salinity, land 
uses, inputs (both natural and anthropogenic) and other factors that could 
affect the physical, chemical, or biological condition of the sediment. 
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vii. Index Period. All sediment stations shall be sampled between the months of 
June through September to correspond with the benthic community index 
period. 

viii. Report Completion Schedule. The Water and Sediment Monitoring Plan shall 
include a schedule for completion of all sample collection and analysis 
activities and submission of Water and Sediment Monitoring Reports 
described in section VIII.A.5 of this MRP. 

4. Water and Sediment Monitoring Plan Implementation. The Discharger shall 
implement the Water and Sediment Monitoring Plan in accordance with the schedule 
contained in the Water and Sediment Monitoring Plan unless otherwise directed in 
writing by the San Diego Water Board. Before beginning sample collection activities, 
the Discharger or water body monitoring coalition shall: 

a. Notify the San Diego Water Board at least 14 days in advance of the beginning of 
sample collection activities; and 

b. Comply with any conditions set by the San Diego Water Board with respect to 
sample collection methods such as providing split samples. 

5. Water and Sediment Monitoring Reports. The Discharger shall submit a Water and 
Sediment Monitoring Report at least twice during a permit cycle in accordance with 
the schedule contained in the Water and Sediment Monitoring Plan unless otherwise 
directed in writing by the San Diego Water Board. The Water and Sediment 
Monitoring Reports shall contain the following information: 

a. Analysis. An evaluation, interpretation and tabulation of the water and sediment 
monitoring data including interpretations and conclusions as to whether 
applicable Receiving Water Limitations in this Order have been attained at each 
sample station. 

b. Sample Location Map. The locations, type, and number of samples shall be 
identified and shown on a site map. 

IX. OTHER MONITORING REQUIREMENTS 

A. Storm Water Discharges from Industrial High Risk, Industrial Low Risk Areas, and 
Industrial No Exposure Areas 

1. Industrial Non-Storm Water Discharge (NSWD) Visual Observations 

a. The Discharger shall visually observe each industrial drainage area for the 
presence of, or for indications of prior unauthorized non-storm water discharges 
and their sources. 
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b. The Discharger shall visually observe the NBSD's authorized non-storm water 
discharges and their sources in industrial drainage areas. 

c. One non-storm water visual observation shall be conducted quarterly in each of 
the following periods: 

i. January- March, 
ii. April- June, 
iii. July- September, and 
iv. October- December. 

d. The Discharger shall select appropriate intervals when scheduling quarterly 
NSWD visual observations. For observation intervals that are greater than 16 
weeks apart, a justification shall be included in the Annual Monitoring Report. 
NSWD visual observations shall be conducted during daylight hours within 
scheduled facility operating hours 1 on days without precipitation. 

e. Visual observations shall document the presence of, or the indication of any non
storm water discharge, pollutant characteristics (floating and suspended material, 
oil and grease, discoloration, turbidity, odor, etc.), and source. 

f. The Discharger shall maintain records of the personnel performing the visual 
observations, the dates and approximate time each drainage area and non-storm 
water discharge was observed, and the response taken to eliminate unauthorized 
non-storm water discharges and to reduce or prevent pollutants from contacting 
non-storm water discharges. The SWPPP shall be revised, as necessary, and 
implemented in accordance with Attachment G of this Order. 

2. Industrial Storm Water Discharge and Other Visual Observations 

a. Dischargers shall ensure that a visual observation is conducted of industrial 
storm water discharges from the first Qualifying Storm Event (QSE) as defined in 
section IX.A.2.b of this MRP for each month that produces a discharge from one 
or more discharge locations. Visual observations shall be conducted during 
scheduled facility operating hours and within the first four (4) hours of: 

1. The start of discharge; or 

ii. The start of facility operations if the QSE occurs within the previous 12 hour 
period (storms that begin the previous night). 

1 Scheduled Facility operating hours are the time periods when the Facility is staffed to conduct any function 
related to industrial activity, but excluding time periods where only routine maintenance, emergency response, 
security, and/or janitorial services are performed. 
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b. A Qualifying Storm Event (QSE) is a discharge of storm water that occurs: 

i. From a storm event that has produced a minimum of 1/10 inch of rainfall 
within the preceding 24 hour period as measured by an on-site rainfall 
measurement device; and 

ii. From a storm event that was preceded by three calendar days of dry weather. 
Dry weather shall be defined as three calendar days of combined rainfall of 
less than 1/10 inch as measured by an on-site rainfall measurement device. 

c. The Discharger shall ensure that visual observations of discharge from contained 
storm wate~ are conducted at the time of discharge. If the discharge is not likely 
to occur during scheduled facility operating hours (based upon rainfall forecasts 
and containment freeboard), the visual observations of the contained storm water 
shall be conducted prior to the discharge. 

d. Visual observations shall include observation of the presence or absence of 
floating and suspended materials, oil and grease, discolorations, turbidity, odors, 
trash/debris, and source(s) of any observed pollutants. 

e. Prior to an anticipated precipitation event, visual observations of all storm water 
drainage and containment areas at Industrial High Risk Areas shall be conducted 
to identify any spills, leaks, or improperly controlled pollutant sources, and 
appropriate BMPs must be implemented prior to rainfall. The visual observations 
are required during scheduled facility operating hours and are not required more 
than once within in any 14 day period. An anticipated precipitation event is any 
weather pattern that is forecasted by the National Weather Service Forecast 
Office to have a 50% or greater probability of producing precipitation in the 
facility's weather zone. The Discharger is responsible for reviewing precipitation 
forecast information from the National Weather Service Forecast Office (e.g., by 
entering the zip code of the project's location at 
http://www.srh.noaa.gov/forecast). 

f. In the event that the first QSE in a month does not produce a discharge that can 
be visually observed at one or more discharge locations, dischargers shall record 
which discharge locations were observed that did not discharge, and visually 
observe discharges from those locations from the next QSE(s) that produces a 
discharge in that month. The Discharger shall provide an explanation in the 
Annual Report for uncompleted monthly visual observations only for those 
months that at least one QSE occurs. The Discharger is not required to perform 
additional visual observations in subsequent months for any uncompleted monthly 
visual observations. 

2 
Contained storm water is storm water which is first collected in a containment structure and then discharged. 
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g. The Discharger shall maintain records of all visual observations. Records shall 
include the date, approximate time, locations observed, name of person(s) that 
conducted the observations, and any response actions and/or additional SWPPP 
revisions necessary in response to the visual observations. 

3. Industrial Storm Water Sampling and Analysis 

a. The Discharger shall collect storm water samples from one qualifying storm 
event (QSE) during each semiannual period (i.e. January -June, July
December). Representative storm water discharge locations for "Industrial High 
Risk" and "Industrial Low Risk" areas, as designated under section IV.B of the 
Order, shall be sampled as specified in Tables E-1 0 and E-11. 

b. Sampling of stored or contained storm water shall occur at the time the stored or 
contained storm water is discharged to surface waters. Samples shall be 
collected from the first QSE of the each semiannual period (i.e. January -June, 
July-December). 

c. Grab samples shall be collected from each representative storm water discharge 
location within four (4) hours of: 

1. The start of the discharge, or 

11. The start of facility operations if the QSE occurs within the previous 12 hour 
period (storms that begin the previous night). Sample collection is required 
during scheduled facility operating hours and when sampling conditions are 
safe. 

d. Composite samples shall be flow-weighted storm water samples for the duration 
of the storm. If composite samples are collected, all parameters identified in 
Tables E-10 and E-11 with a sample type of grab or composite must be analyzed 
using composite samples. 

e. In the event that the first QSE in a semi-annual period does not produce a 
discharge that can be sampled at one or more sampling locations, the Discharger 
shall record which sampling locations were observed that did not discharge, and 
collect samples from those locations during the next QSE(s) that produces a 
discharge in that semi-annual period. If the Discharger fails to collect a sample 
at one or more sampling locations that did produce a discharge, the Discharger is 
required to fulfill the sampling requirement from an additional QSE that produces 
a discharge. For each discharge location, the maximum number of storm water 
samples required per reporting year is two (2). 

f. The industrial storm water discharges from the "Low Risk" and "High Risk" areas, 
as defined in section IV.B of the Order, shall be sampled and analyzed as shown 
in Table E-10 and Table E-11 respectively. After four consecutive sample events 
where parameters are not detected or below the Annual NAL values, analysis for 
those parameters may be discontinued. 
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Table E-1 0. Monitoring Requirements for Storm Water Discharges from "Industrial 
Low Risk" Areas 

Required 
Parameter Unit Sample Type Minimum Frequency* Analytical Test 

Method 

Discharge Volume gallons Estimate1 One storm per Estimate 
semiannual period. 

Conventional Pollutants 
2 One storm per 

Oil and Grease mg/L Grab 
semiannual period. 

One storm per 2 

pH pH Units Grab 
semiannual period. 

2 One storm per Total Suspended Solids mg/L Grab 
semiannual period. 

Priority Pollutants 

Copper, Total Grab or One storm per 2 

mg/L Recoverable Composite semiannual period. 
2 Grab or One storm per Zinc, Total Recoverable mg/L 

Composite semiannual period. 

Non-Conventional Pollutants 
2 Grab or One storm per Other Pollutants3 

~g/L Composite semiannual period. 

2 

3 

Sampling shall occur dunng qual1fy1ng storm events each semiannual calendar period (January
June, July- December) prior to release to receiving water. If there are no qualifying storm events 
during the semiannual period, then sampling shall occur as soon as possible. 
The volume of storm water discharge can be estimated by multiplying: 
amount of rainfall in feet x square feet of surface area x impervious factor. 
There are 7.5 gallons per cubic foot. 
Field test with pre and post calibrated portable instrument, or lab sample in accordance with 40 CFR 
136. 
Pollutants that are likely to be present in storm water discharges in significant quantities shall be 
sampled. The pollutants shall be selected based upon the pollutant source assessment required in 
section VII of the SWPPP requirements contained in Attachment G, visual observations, and 
inspection records. If these pollutants are not detected in significant quantities after two consecutive 
sampling events, the Discharger may eliminate the pollutant from future analysis until the pollutant is 
likely to be present again. The Discharger shall select appropriate analytical test methods that 
indicate the presence of pollutants in storm water discharges in significant quantities. 
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Table E-11. Monitoring Requirements for Storm Water Discharges from "Industrial 
H" h R k" A lg IS reas. 

Parameter Unit Sample Type Minimum Frequency* Required Analytical 
Test Method 

Discharge Volume gallons Estimate1 One storms per Estimate 
semiannual period 

Conventional Pollutants 

Chemical Oxygen Grab or One storm per 2 

Demand mg/L 
Composite semiannual period. 

One storm per 2 

Oil and Grease mg/L Grab 
semiannual period. 

One storm per 2 

pH pH Units Grab 
semiannual period. 

One storm per 2 

Total Suspended Solids mg/L Grab 
semiannual period. 

Prioritv Pollutants 

Arsenic, Total Grab or One storm per 2 

Recoverable mg/L 
Composite semiannual period. 

Cadmium, Total Grab or One storm per 2 

Recoverable mg/L Composite semiannual period. 

Copper, Total Grab or One storm per 2 

Recoverable mg/L 
Composite semiannual period. 

Mercury, Total Grab or One storm per 2 

Recoverable mg/L 
Composite semiannual period. 

Grab or One storm per 2 

Nickel, Total Recoverable mg/L 
Composite semiannual period. 

Selenium, Total Grab or One storm per 2 

Recoverable mg/L 
Composite semiannual period. 

Grab or One storm per 2 

Silver, Total Recoverable mg/L 
Composite semiannual period. 

Grab or One storm per 2 

Zinc, Total Recoverable mg/L 
Composite semiannual period. 

Grab or One storm per 2 

Lead, Total Recoverable mg/L 
Composite semiannual period. 

Non-Conventional Pollutants 

Aluminum, Total Grab or One storm per 2 

Recoverable (Jg/L Composite semiannual period. 

Grab or One storm per 2 

Iron, Total Recoverable (Jg/L Composite semiannual period. 

Magnesium, Total Grab or One storm per 2 

Recoverable (Jg/L Composite semiannual period. 

Grab or One storm per 2 

Nitrate+Nitrite Nitrogen mg/L Composite semiannual period. 

Grab or One storm per 2 

Phosphorus, Total mg/L Composite semiannual period. 
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Parameter Unit Sample Type Minimum Frequency* 
Required Analytical 

Test Method 
2 Grab or One storm per 

Ammonia mg/L 
Composite semiannual period. 

2 Pass or Grab or One storm per 
Acute T oxicitl Fail Composite semiannual period. 

2 Pass or Grab or One storm per 
Chronic Toxicitl· 5 

Fail Composite semiannual period. 
2 Grab or One storm per Other Pollutants4 

!Jg/L Composite semiannual period. 

2 

3 

4 

5 

Sampling shall occur each semiannual calendar period (January- June, July- December) during 
qualifying storm events prior to release to receiving water. If there are no qualifying storm events during 
the semiannual period, then sampling shall occur as soon as possible during the following semiannual 
period. 
The volume of storm water discharge can be estimated by multiplying: amount of rainfall in feet x square 
feet of surface area x impervious factor. There are 7.5 gallons per cubic foot. 
Field test with pre and post calibrated portable instrument, or lab sample in accordance with 40 CFR 136. 
The presence of acute or chronic toxicity in the storm water shall be determined as specified in section V 
of this MRP. 
Pollutants that are likely to be present in storm water discharges in significant quantities shall be sampled. 
The pollutants shall be selected based upon the pollutant source assessment required in section VII of the 
SWPPP requirements contained in Attachment G, visual observations, and inspection records. If these 
pollutants are not detected in significant quantities after two consecutive sampling events, the Discharger 
may eliminate the pollutant from future analysis until the pollutant is likely to be present again. The 
Discharger shall select appropriate analytical test methods that indicate the presence of pollutants in 
storm water discharges in significant quantities 
Chronic toxicity will be sampled at one representative high risk industrial storm water discharge location. 
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4. Chollas Creek Storm Water Sampling and Analysis 

The discharge of storm water to Chollas Creek at Discharge Point Nos. NBSD-068, 
NBSD-070, NBSD-071, NBSD-120, and NBSD-121shall be sampled and analyzed 
as follows: 

T bl E 12 M "t a e - . om ormg eqUiremen s or torm ater 1sc arges to o as ree . R t f s w o· h Ch II C k 

Parameter Unit Sample Type Minimum Frequency* 
Required Analytical 

Test Method 

Discharge Volume gallons Estimate1 One storm per Estimate 
semiannual period. 

Priority Pollutants 

Copper, Total Grab or One storm per 2 

IJg/L Recoverable Composite semiannual period. 
2 Grab or One storm per 

Lead, Total Recoverable IJg/L Composite semiannual period. 
2 Grab or One storm per 

Zinc, Total Recoverable IJg/L Composite semiannual period. 

2 

.. 
Sampling shall occur dunng qualifying storm events, or 1f collected, pnor to release to rece1v1ng water. If 
there are no qualifying storm events during the year, then sampling shall occur as soon as possible. If 
there are no qualifying storm events during the fifth year and conditions for administrative extension are 
met, then sampling shall occur as soon as possible. 
The volume of storm water discharge can be estimated by multiplying: amount of rainfall in feet x square 
feet of surface area x impervious factor. There are 7.5 gallons per cubic foot. 
As specified in 40 CFR 136.3. 

5. Visual Observation and Sample Collection Exceptions and Methods 

The Discharger shall be prepared to collect samples and conduct visual 
observations at the beginning of the semi-annual period and throughout until the 
minimum requirements of sections IX.A.2 and IX.A.3. of this MRP are completed 
with the following exceptions: 

a. The Discharger is not required to collect samples or conduct visual observations 
under the following conditions: 

1. During dangerous weather conditions such as flooding or electrical storms; or 

ii. Outside of scheduled Facility operating hours. However, the Discharger is 
not precluded from collecting samples or conducting visual observations 
outside of scheduled facility operation hours if they choose to do so. 

b. If the Discharger does not collect the required samples or conduct the visual 
observations, then the Discharger shall include an explanation in the annual 
report why the sampling or visual observations were not conducted. 
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c. The Discharger shall ensure that all industrial storm water discharge sampling 
locations are representative of drainage areas associated with industrial 
activities, where practicable. The storm water discharge observed and collected 
from these sampling locations shall be representative of the storm water 
discharge generated in each drainage area. For sheet flow, the Discharger shall 
determine the appropriate sampling location(s) which represent industrial storm 
water discharges generated from the corresponding drainage area. 

d. Dischargers shall identify practicable alternate sample collection locations 
representative of the facility's storm water discharge if: 

i. Specific drainage areas at the facility are affected by storm water run-on from 
off-site areas or on-site non-industrial areas; or 

11. Specific sampling locations which are difficult to sample (e.g. submerged 
discharge outlets, dangerous discharge location accessibility). 

B. Non-industrial Storm Water Monitoring for Small Municipal (Military Base) 
Separate Storm Sewer System (MS4) Areas 

1. Within 24 months of the effective date of this Order, the Discharger shall prepare 
and submit to the San Diego Water Board a written plan for monitoring pollutants in 
non-industrial storm water discharges from Small Municipal (Military Base) Separate 
Storm Sewer System (MS4) Areas. The monitoring plan shall include the following 
information: 

a. A list of pollutants in non-industrial storm water from MS4 areas which will be 
monitored for; 

b. Specific monitoring procedures for pollutants identified by the Discharger, with 
the goal of evaluating SWMP implementation throughout the NBSD Complex; 

c. A minimum subset of three representative monitoring locations for storm water 
and dry-weather discharges within the Small MS4 Areas of the NBSD Complex. 
These monitoring locations shall be sampled for pollutants identified by the 
Discharger; and 

d. A schedule for monitoring. Pollutant monitoring shall be performed a minimum of 
twice per year at the representative monitoring locations for storm water, and 
twice per year for dry-weather discharges, beginning 24 months after the 
adoption date of this Order. 

2. The Discharger shall implement the Small Municipal (Military Base) Separate Storm 
Sewer System Monitoring Plan unless otherwise directed in writing by the San Diego 
Water Board. The Discharger shall comply with any conditions set by the San Diego 
Water Board including modification of proposed monitoring locations and 
constituents. 
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3. The Monitoring results shall be submitted annually with the Storm Water Annual 
Report, as specified in section IX.C of this MRP. 

C. Storm Water Annual Report for Industrial High Risk Areas, Industrial Low Risk 
Areas, and Small MS4 Areas 

The Discharger shall submit a Storm Water Annual Report by September 1 of each year 
to the San Diego Water Board. The report shall include the following: 

1. Identification of any changes to "Industrial High Risk", "Industrial Low Risk", 
"Industrial No-Exposure", and "Small MS4 Areas" at the Facility, as defined in 
section IV. B of the Order; 

2. A summary of visual observations and sampling and analysis results; 
3. An evaluation of the visual observation and sampling and analysis results; 
4. Annual Comprehensive Site Compliance Evaluation Report as required by section IX 

of the SWPPP requirements contained in Attachment G; 
5. Sample results and laboratory reports; 
6. A list of authorized and non-authorized non-storm water discharges identified 

pursuant to section IX.A.1 of this MRP; and 
7. Records specified in section IX.A of this MRP. 

D. Graving Dock Flood Water Discharge 

1. The Discharger shall provide written notification to the San Diego Water Board 48 
hours prior to the flooding of its graving dock. If the graving dock has to be flooded 
on short notice and the 48 hour notification time cannot be met, the Discharger shall 
notify the San Diego Water Board as early as possible and include information on 
why the notification time could not be met. 

2. The Discharger shall document the condition of the graving dock prior to each 
flooding. The conditions will be digitally documented either by video or photographs. 
The video must be in computer file format compatible with MS Windows such as 
mpg (Moving Picture Experts Group), avi (Audio Video Interleave), or wmv 
(Windows Media Video), and the photographs must be digital photographs that show 
date and time on each picture. Video or photographs shall document conditions at 
the initial flooding of the facilities. If flooding is to occur at night, video or 
photographs shall be taken during daylight hours as close to the flooding event as 
possible. 

3. The Discharger shall submit documentation on the graving dock flooding conditions 
quarterly to the San Diego Water Board in accordance with Table E-13. If the 
drydock was not flooded during the quarter, the Discharger shall document in the 
quarterly monitoring report that no flooding occurred during that period. 
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E. Spill and Illicit Discharge Log (within all industrial storm water risk areas) 

The Discharger shall log and report all spills of significant quantities to surface water 
and all illicit discharges of any quantity within industrial storm water risk areas of the 
Facility including spills and illicit discharges from vessels that are at the Facility for 
service. The spill I illicit discharge reports shall identify: 

1. The time and date of the spill or illicit discharge; 
2. The cause of the spill or illicit discharge; 
3. The materials or wastes involved in the spill or illicit discharge; 
4. The estimated volume of the spill or illicit discharges; 
5. The specific location where the spill or illicit discharge originated including storm 

water risk level; 
6. The fate of the spill or illicit discharge (e.g., San Diego Bay, graving dock, etc.); 
7. The physical extent or size of the area(s) affected by the spill; 
8. Whether the spill or illicit discharge contained pollutants; 
9. The public agencies notified; 
10. The corrective actions taken; and 
11. The measures taken to prevent or minimize future spills or illicit discharges. 

The reports shall be submitted annually to the San Diego Water Board in accordance 
with Table E-13 of this MRP. 

The Discharger shall include in its annual report, a summary of the spills and illicit 
discharges that occurred in or on industrial storm water risk areas of the Facility to 
surface water. The spill/illicit discharge summary report shall indicate the total number 
of spills and illicit discharges for the year, categorize the spills and illicit discharges, and 
provide the percentages of each type of spill or illicit discharge in a graphical 
representation. The summary report shall also indicate the efforts the Discharger used 
in the year to prevent or minimize spills. 

X. REPORTING REQUIREMENTS 

A. General Monitoring and Reporting Requirements 

The Discharger shall comply with all Standard Provisions (Attachment D) related to 
monitoring, reporting, and recordkeeping. 

B. Self-Monitoring Reports (SMRs) 

1. The Discharger shall initially submit Self-Monitoring Reports (SMRs) by hard copy to 
the San Diego Water Board office and electronically using the State Water Board' s 
California Integrated Water Quality System (CIWQS) Program Web site 
(http://www.waterboards.ca.gov/water_issues/programs/ciwqs/). The San Diego 
Water Board shall notify the Discharger when they may stop submitting hard copy 
SMRs. The CIWQS Web site will provide additional directions for SMR submittal in 
the event there will be service interruption for electronic submittal. 
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2. The Discharger shall report in the SMR the results for all monitoring specified in this 
MRP under sections Ill through IX. The Discharger shall submit quarterly and 
annual SMRs including the results of all required monitoring using USEPA-approved 
test methods or other test methods specified in this Order. If the Discharger 
monitors any pollutant more frequently than required by this Order, the results of this 
monitoring shall be included in the calculations and reporting of the data submitted in 
the SMR. 

3. Monitoring periods and reporting for all required monitoring shall be completed 
according to the following schedule: 

T bl E a e -13. M omtormg p . d eno san dR eportmg S h d I c e ue 
Sampling Monitoring Period Begins 

Monitoring Period SMR Due Date Frequency On ... 

Continuous Permit Effective Date All 
Submit with 
quarterly SMR 

(Midnight through 11:59 PM) or any 

Daily Permit Effective Date 
24-hour period that reasonably Submit with 
represents a calendar day for quarterly SMR 
purposes of sampling. 

First day of calendar month 
following permit effective date 

First day of calendar month through Submit with 1/Month or on permit effective date if 
last day of calendar month quarterly SMR that date is first day of the 

month 

Closest of January 1, April 1, 
January 1 through March 31 May 1 
April 1 through June 30 August 1 1/Quarter July 1, or October 1 following 
July 1 through September 30 November 1 (or on) permit effective date 
October 1 through December 31 February 1 

Closest of January 1 or July 1 January 1 through June 30 August 1 
2/Year following (or on) permit 

July 1 through December 31 February 1 effective date 
1/Year Permit effective date July 1 through June 30 September 1 

Annual Storm First day of calendar month September 1 
Water Report following permit effective date 

Separate report or on permit effective date if July 1 through June 30 (IX.C of this 
that date is first day of the submitted with 

MRP) 
month Annual Report 
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C. Reporting Protocols. 

1. The Discharger shall report with each sample result the applicable reported 
Minimum Level (ML) and the current Method Detection Limit (MDL), as determined 
by the procedure in 40 CFR Part 136. 

2. The Discharger shall report the results of analytical determinations for the presence 
of chemical constituents in a sample using the following reporting protocols: 

a. Sample results greater than or equal to the reported ML shall be reported as 
measured by the laboratory (i.e., the measured chemical concentration in the 
sample). 

b. Sample results less than the Reporting Level (RL), but greater than or equal to 
the laboratory's MDL, shall be reported as "Detected, but Not Quantified," or 
DNQ. The estimated chemical concentration of the sample shall also be 
reported. 

For the purposes of data collection, the laboratory shall write the estimated 
chemical concentration next to DNQ as well as the words "Estimated 
Concentration" (may be shortened to "Est. Cone."). The laboratory may, if such 
information is available, include numerical estimates of the data quality for the 
reported result. Numerical estimates of data quality may be percent accuracy(+ 
a percentage of the reported value), numerical ranges (low to high), or any other 
means considered appropriate by the laboratory. 

c. Sample results less than the laboratory's MDL shall be reported as "Not 
Detected," or NO. 

d. Dischargers are to instruct laboratories to establish calibration standards so that 
the ML value (or its equivalent if there is differential treatment of samples relative 
to calibration standards) is the lowest calibration standard. At no time is the 
Discharger to use analytical data derived from extrapolation beyond the lowest 
point of the calibration curve. 

3. Compliance Determination. Compliance with effluent limitations for priority 
pollutants shall be determined using sample reporting protocols defined above and 
Attachment A of this Order. For purposes of reporting and administrative 
enforcement by the Regional and State Water Boards, the Discharger shall be 
deemed out of compliance with effluent limitations if the concentration of the priority 
pollutant in the monitoring sample is greater than the effluent limitation and greater 
than or equal to the reporting level (RL). 
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4. Multiple Sample Data. When determining compliance with an AMEL or MDEL for 
priority pollutants and more than one sample result is available, the Discharger shall 
compute the arithmetic mean unless the data set contains one or more reported 
determinations of "Detected, but Not Quantified" (DNQ) or "Not Detected" (NO). In 
those cases, the Discharger shall compute the median in place of the arithmetic 
mean in accordance with the following procedure: 

a. The data set shall be ranked from low to high, ranking the reported NO 
determinations lowest, DNQ determinations next, followed by quantified values (if 
any). The order of the individual NO or DNQ determinations is unimportant. 

b. The median value of the data set shall be determined. If the data set has an odd 
number of data points, then the median is the middle value. If the data set has 
an even number of data points, then the median is the average of the two values 
around the middle unless one or both of the points are NO or DNQ, in which case 
the median value shall be the lower of the two data points where DNQ is lower 
than a value and NO is lower than DNQ. 

5. The Discharger shall submit SMRs in accordance with the following requirements: 

a. The Discharger shall arrange all reported data in a tabular format. The data shall 
be summarized to clearly illustrate whether the Facility is operating in compliance 
with interim and/or final effluent limitations. The Discharger is not required to 
duplicate the submittal of data that is entered in a tabular format within CIWQS. 
When electronic submittal of data is required and CIWQS does not provide for 
entry into a tabular format within the system, the Discharger shall electronically 
submit the data in a tabular format as an attachment. 

b. The Discharger shall attach a cover letter to the SMR. The information contained 
in the cover letter shall clearly identify violations of the WDRs; discuss corrective 
actions taken or planned; and the proposed time schedule for corrective actions. 
Identified violations must include a description of the requirement that was 
violated and a description of the violation. 

c. Hard copy SMRs must be submitted to the San Diego Water Board, signed and 
certified as required by the Standard Provisions (Attachment D), to the address 
listed below: 

California Regional Water Quality Control Board 
San Diego Region 
Attention: Core Regulatory Unit 
2375 Northside Drive, Suite 100 
San Diego, CA 92108 

If the San Diego Water Board office is moved, the San Diego Water Board shall 
provide a new address for report submittal. 
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D. Discharge Monitoring Reports (DMRs) 

1. At any time during the term of this permit, the State or San Diego Water Board may 
notify the Discharger to electronically submit Discharge Monitoring Reports (DMRs) 
that will satisfy federal requirements. Until such notification is given, the Discharger 
shall submit DMRs in accordance with the requirements described below. 

2. DMRs must be signed and certified as required by the standard provisions 
(Attachment D). The Discharger shall submit the original DMR to the address listed 
below: 

STANDARD MAIL 
FED EX/UPS/ 

OTHER PRIVATE CARRIERS 
State Water Resources Control Board State Water Resources Control Board 

Division of Water Quality Division of Water Quality 
c/o DMR Processing Center c/o DMR Processing Center 

PO Box 100 1 001 I Street, 15111 Floor 
Sacramento, CA 95812-1 000 Sacramento, CA 95814 

All discharge monitoring results must be reported on the official USEPA pre-printed 
DMR forms (EPA Form 3320-1 ). Forms that are self-generated will not be accepted 
unless they follow the exact same format of USEPA Form 3320-1. 

E. Other Reports 

Special Reports. As specified in this Order, special reports or program components 
shall be submitted in accordance with the following reporting requirements. 

T bl E 14 R a e - epo rf mg R t f Oth R eqUiremen s or er epo rt s 
Report Name Section No. Report Due Date 

Industrial Storm Water Monitoring Location Report MRP section II.B.1 November 30, 2013 

Toxicity Reduction Evaluation (TRE) Work Plan MRP section V.E.1 See Section V.E.1 of MRP 

Water and Sediment Monitoring Plan MRP section VIII.A.3 Within 12 months of the 
effective date of this Order 

Notify the San Diego Water Board before sediment MRP section VIII.A.4.a At least 14 days in advance 
and receiving water sampling of the beginning of sample 

collection activities 

Annual Storm Water Risk Level Designation Report Order section IV.B.2 Annually by September 1st 

Small Municipal Separate Storm Sewer System- Order section IV.D.2 Within 12 months of the 
Storm Water Management Program effective date of this Order 

Chollas Creek Storm Water Action Level (SAL) Plan Order section IV.E.3 Within 12 months of the 
effective date of this Order 

Pollution Prevention Plan Work Plan and Time Order section VI.C.3.c Within 3 months of the 
Schedule effective date of this Order 

Pollution Prevention Plan Work Plan and Time Order section VI.C.3.c Within 9 months of the 
Schedule effective date of this Order 
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ATTACHMENT F- FACT SHEET 

As described in section II of this Order, this Fact Sheet includes the legal requirements and 
technical rationale that serve as the basis for the requirements of this Order. 

This Order has been prepared under a standardized format to accommodate a broad range 
of discharge requirements for Dischargers in California. Only those sections or subsections 
of this Order that are specifically identified as "not applicable" have been determined not to 
apply to this Discharger. Sections or subsections of this Order not specifically identified as 
"not applicable" are fully applicable to this Discharger. 

I. PERMIT INFORMATION 

A. The United States Department of the Navy (hereinafter Discharger) is the owner and 
operator of Naval Base San Diego Complex (hereinafter Facility), a U.S. naval base. 
The Naval Base San Diego Complex is comprised of the following four installations: 
Naval Base San Diego- main base (NBSD), Broadway Complex, Mission Gorge 
Recreational Facility (MGRF; also known as Admiral Baker Field), and the Naval 
Medical Center, San Diego (NMCSD). These four installations are described in 
Section II and are hereinafter jointly referred to as the "Facility". 

For the purposes of this Order, references to the "discharger" or "Discharger" in 
applicable federal and state laws, regulations, plans, or policy are held to be 
equivalent to references to the Discharger herein. 

The following table summarizes administrative information related to the Facility. 

T bl F 1 a e - F T I f ac1 1ty n ormat1on 
WDID 9 000000497 
Discharger United States Department of the Navy 
Name of Facility Naval Base San Diego Complex 

3455 Senn Road, Building 72 
Facility Address San Diego, CA 92136-5084 

San Diego County 
Facility Contact, Title and Mark Edson, Installation Environmental Program Director, 
Phone (619) 556-1532 
Authorized Person to Sign Installation Environmental Program Manager or 
and Submit Reports Water Program Manager 
Mailing Address Same as Facility Address 
Billing Address Same as Facility Address 
Type of Facility Naval Base 
Major or Minor Facility Major 
Threat to Water Quality 1 
Complexity A 
Pretreatment Program Not Applicable 
Reclamation Requirements Not Applicable 
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Facility Permitted Flow Not Applicable 
Facility Design Flow Not Applicable 
Watershed San Diego Bay, San Diego River 

San Diego Bay, Chollas Creek, Paleta Creek (Seventh Street 
Receiving Water Channel), the San Diego River, and surface water in the Lindberg 

Hydrologic Subarea. 
Receiving Water Type Enclosed Bay and Inland Surface Waters 

B. The Facility is currently regulated by Order Nos. R9-2002-0169 and R9-2003-0365 
for discharges from multiple discharge points to San Diego Bay and San Diego 
River, waters of the United States (US). 

Order No. R9-2002-0169, National Pollutant Discharge Elimination System (NPDES) 
No. CA01 09169, currently regulates several types of wastewater discharges at 
numerous discharge locations within the Facility including industrial storm water; 
steam condensate; pier boom, fender, and mooring cleaning; utility vault and 
manhole dewatering; and miscellaneous discharges associated with facility 
maintenance. Order No. R9-2003-0265, NPDES No. CA01 07867, regulates the 
discharge of saltwater supply system water, graving dock flood dewater, graving 
dock caisson gate ballast water, and industrial storm water from several discharge 
locations from the US Navy Graving Dock (Graving Dock), which is located within 
the Naval Base San Diego main base portion of the Facility. 

Order No. R9-2002-0169, an NPDES permit for the Facility, was adopted on 
November 13, 2002 and expired on November 13, 2007. Order No. R9-2003-0365 
for the Graving Dock was adopted on August 13, 2003 and expired on August 13, 
2008. The terms and conditions of these Orders have been automatically continued 
and remain in effect until new Waste Discharge Requirements (WDRs) and NPDES 
permits are adopted pursuant to this Order. 

In 1976, the San Diego Unified Port District was issued an NPDES permit for the 
United States Navy (USN) Graving Dock. The NPDES permit was reissued in 1981. 
During this time the surrounding NBSD installation did not have an NPDES permit. 
In 1986, the USN Graving Dock permit was amended to transfer responsibility for 
compliance with the NPDES permit from San Diego Unified Port District to the 
Discharger. A year later, in 1987, the NPDES permit for the USN Graving Dock was 
reissued to the Discharger. 

In 1992, the Discharger enrolled in the State Water Resource Control Board's (State 
Water Board's) General Permit to Discharge Storm Water Associated with Industrial 
Activity Order No. 91-13-DWQ for the Facility. The enrollment in the Industrial 
Stormwater General Permit did not include the USN Graving Dock because the 
Discharger had an individual NPDES permit for the USN Graving Dock. 
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In 1997, the State Water Board reissued the Industrial Stormwater General NPDES 
Permit Order No. 97 -03-DWQ, and the Discharger continued enrollment in the 
Industrial Stormwater General Permit. 

In 1998, the individual NPDES permit for the USN Graving Dock was reissued to the 
Discharger. 

In 2002, an individual NPDES permit for the NBSD Complex (Order No. R9-2002-
0169) was issued for storm water and additional industrial wastewater discharges 
from the Facility; this individual permit did not include the USN Graving Dock. In 
2003, the individual NPDES permit for the USN Graving Dock was reissued again as 
a separate permit (current Graving Dock Order; Order No. R9-2003-0365 for the 
Graving Dock). 

Order No. R9-2002-0169 for the Naval Base San Diego (NBSD) Complex expired in 
2007. Order No. R9-2003-0365 for the USN Graving Dock expired in 2008. Both 
NPDES permits have been automatically continued and remain in effect. 

While, historically the Discharger was initially issued a NPDES permit for the USN 
Graving Dock, and then a separate permit for the remainder of the Facility, it is 
appropriate for the USN Graving Dock to be combined with the remainder of the 
Facility for NPDES coverage because the USN Graving Dock is located within the 
geographical boundaries of NBSD and is owned and operated by the same 
Discharger. The coverage of Order Nos. R9-2002-0169 for NBSD and R9-2003-
0365 for the USN Graving Dock is incorporated into this Order to achieve maximum 
efficiency and economy of resources, and minimize redundancy to the Discharger 
and the San Diego Water Board. All applicable requirements for the USN Graving 
Dock and Naval Base San Diego Complex have been incorporated directly into this 
Order or revised as necessary. Municipal storm water requirements have also been 
incorporated into this Order. 

The San Diego Water Board recently concluded proceedings to issue a Cleanup and 
Abatement Order (CAO) for discharges of metals and other pollutant wastes to San 
Diego Bay marine sediment and waters located along the eastern shore of central 
San Diego Bay extending approximately from the Sampson Street Extension to the 
northwest and Chollas Creek to the southeast, and from the shoreline out to the San 
Diego Bay main shipping channel to the west. This area is collectively referred to as 
the "Shipyard Sediment Site." The CAO finds that the Discharger, along with 
National Steel and Shipbuilding Company (NASSCO); BAE Systems San Diego 
Ship Repair, Inc.; City of San Diego; Campbell Industries, Inc.; San Diego Gas and 
Electric and the San Diego Unified Port District are responsible for the sediment 
impairment and accountable for the cleanup of contaminated sediments in San 
Diego Bay at the Shipyard Sediment Site. 
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C. The Discharger filed a Report of Waste Discharge (ROWD) and submitted an 
application for reissuance of its WDRs and NPDES permit for the Naval Base San 
Diego Complex (Order No. R9-2002-0169) on June 18, 2007. The Discharger also 
filed a ROWD and submitted an application for renewal of its WDRs and NPDES 
permit for the USN Graving Dock on July 2, 2008. Additional information to support 
the NPDES permit reissuance was provided by the Discharger on February 25, 2010 
and March 2, 2010. Site visits were conducted by the United States Environmental 
Protection Agency's (USEPA's) consultant, PG Environmental, LLC, on April 26, 
2010 and June 7, 2011, and to observe operations and collect additional data to 
develop permit limitations and conditions. 

II. FACILITY DESCRIPTION 

The Discharger manages several military installations in the San Diego area. These 
installations are aligned into three major naval bases, including the Naval Base San 
Diego Complex (referred to as the Facility in this Order), Naval Base Coronado (NBC), 
and Naval Base Point Loma (NBPL). NBSD Complex is the largest of the three major 
naval base complexes operated by the Discharger. The mission of NBSD Complex is to 
provide logistical support for the operating forces of the U.S. Navy and for dependent 
activities and other commands as assigned. NBSD Complex forms the major West 
Coast logistics base for the surface operating forces of the U.S. Navy and for dependent 
activities and other commands. The Facility known as Naval Base San Diego Complex 
is comprised of the following installations: 

• Naval Base San Diego- main base (NBSD; formerly known as Naval Station 
San Diego or NAVSTA), 

• Broadway Complex, 

• Mission Gorge Recreational Facility (MGRF; also known as Admiral Baker 
Field), and 

• The Naval Medical Center, San Diego (NMCSD). 

Of the four installations comprising the Facility, only NBSD has industrial process 
wastewater and industrial storm water discharges subject to regulation under an 
NPDES permit. All four installations have discharges of storm water from Small (Phase 
II) Municipal Separate Storm Sewer Systems (MS4s) subject to regulation under this 
NPDES permit. 

Naval Base San Diego- main base: NBSD is located at 32nd Street and Harbor 
Drive approximately 3 miles southeast of downtown San Diego on the eastern edge of 
San Diego Bay. It is bordered by the City of San Diego to the north and east and 
National City to the south and east and San Diego Bay to the west. NBSD includes 
over 45 tenant activities, including the following major commands: Fleet Training Center 

Attachment F- Fact Sheet F-7 



UNITED STATES DEPARTMENT OF THE NAVY 
NAVAL BASE SAN DIEGO COMPLEX 

ORDER NO. R9-2013-0064 
NPDES NO. CA0109169 

(FTC), Naval Facilities Engineering Command Southwest (NAVFAC SW), Southwest 
Regional Maintenance Center (SWRMC), and Naval Supply Center (NSC). Personnel 
support activities at NBSD include Regional Commissary Store, Naval Dental and 
Medical Clinics, Naval Legal Service Office Trial Judiciary, Environmental Preventative 
Medicine Unit Five, Personnel Support Detachment, and Navy Resale and Service 
Support Office. 

NBSD is homeport to approximately 55 Pacific Fleet ships and provides in-port berthing 
services for 56 surface force ships and 51 service craft. 

NBSD occupies 1,049 acres of land and 326 water acres at a site lying east and west of 
Harbor Drive. The wet side consists of the Bay front area west of Harbor Drive, while 
the dry side consists of the community facilities east of Harbor Drive. 

The wet side is intensively developed and supports waterfront operations, ship berthing 
and maintenance, station maintenance, training, administration, and logistics functions. 
Operational facilities include piers, quay walls, small craft berthing facilities, fueling 
facilities, armories, and waterfront operations buildings. The straight-line map 
measurement of the shoreline at NBSD is 1.6 miles. NBSD contains 12 berthing piers, 
a mole pier, two channels, and various quay walls that have a total shoreline 
measurement of approximately 5 miles. Also included is the USN Graving Dock. 

The 12 piers at NBSD are used to berth surface ships, support vessels, and barges. 
Supplies and equipment are loaded onto the vessels at these piers, and berth-side ship 
maintenance is also performed (i.e., maintenance while vessels are docked at the pier). 
Berth-side ship maintenance may include abrasive blasting, hydroblasting, metal 
grinding, painting tank cleaning, removal of bilge and ballast water, removal of anti
fouling paint, sheet metal work, electrical work, mechanical repair, engine repair, hull 
repair, and sewage disposal. Berth-side ship repair activities are generally less 
complex than those conducted at commercial shipyards or at the Discharger's USN 
Graving Dock. 

Ship maintenance may also be conducted on the piers. Boats, ship sections, or parts 
can be placed on the piers or adjacent lands for repairs. The ship maintenance 
activities on piers, land, or berth side may be conducted by Naval personnel, civil 
service personnel, or by civilian contractors. The breadth of work performed by the 
civilian contractors is typically greater than the work performed by Naval personnel. 
The most complex ship repair work at the NBSD-mainbase is performed at Pier 13. 
Typically, civilian contractors will store materials and supplies on the piers while working 
aboard the ships. 

The USN Graving Dock is used to conduct repair and maintenance activity which 
cannot normally be conducted while the vessel is waterborne. These activities 
generally include exterior: hull repair; wielding; grinding; abrasive blasting; 
hydroblasting; and painting; the repair or replacement of shafts, propellers, and rudders; 
and the repair or replacement of valves and fittings below the waterline. Utility services 
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provided to a docked vessel may include electrical, steam, fresh (potable) water, salt 
water (from the Bay), and sewage disposaL Wastes generated during ship repair 
include spent abrasives, paint, rust, petroleum products, marine growth and general 
refuse and debris. 

NBSD also has several shore-side industrial maintenance repair shops onsite. 
Personnel at these shops repair various vessel parts such as antenna or ship 
mechanics. 

Two land parcels within the NBSD perimeter are not under the direct control of the 
Commander Navy Region Southwest (CNRSW) or Executive Officers at the NBSD. A 
25.8-acre compound is owned by the Naval Supply Center and 40 acres of railroad 
right-of-way is owned by the Burlington Northern and Santa Fe Railway (BNSF) and the 
Metropolitan Transit Development Board (MTDB). Finally, 54.51 acres of the NBSD 
parcel are occupied under easement or permit and contain Interstate 5, Harbor Drive, 
and various public utilities. 

Industrial activities at NBSD are classified as fuel storage and dispensing, hazardous 
substance storage, material handling/loading docks, materials storage, metal 
fabrication, painting, recycling collection center, repair and maintenance (general), 
sandblasting, scrap yard, ship support services, and fleet vehicle repair and 
maintenance. 

Wastewaters and storm water discharged from NBSD to waters of the United States 
include: 

T bl F 2 o· h a e - 1sc arges f rom th F Tt e 3CIIlY 
Types of Discharge Discharge Point Nos. 

Steam Condensate SC-001 through SC-175 
Pier Boom, Fender, and Mooring 

BC-001 Cleaning Wastewater 
Utility Vault and Manhole Dewatering UV-001 through UV-012 
Graving Dock Deflooding Water/Salt 

NGD-001 through NGD-002 
Water Rinse 
Caisson Ballast Dewatering NGD-003 
Emergency Fire 

NGD-004 Suppression/Saltwater Supply 
Weight Test Water At any Pier 
Seawater Cooling Overboard 

NGD-005 Discharges 
Miscellaneous Dischargers Various Locations 
Storm Water 

I Vanous locations as discussed 1n sect1on II.A.1 of th1s Fact Sheet. 
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The Discharger discharges storm water through numerous storm water conveyance 
systems and outfalls located throughout NBSD. This Order regulates the discharge of 
storm water from NBSD to waters of the US pursuant to Clean Water Act (CWA) section 
402(p) as a Phase II MS4. In addition, storm water discharges from areas of NBSD 
associated with industrial activity are regulated pursuant to CWA section 402(p)(3)(A). 
Industrial storm water discharges from areas classified as "Industrial High Risk" under 
this Order, including drydocks and piers where ship maintenance/repair activities are 
expected to occur, are subject to effluent limitations for acute toxicity. All industrial 
storm water discharges, regardless of the risk classification under this Order, are 
subject to continued coverage under a Storm Water Pollution Prevention Plan. 

Order No. R9-2002-0169 for NBSD regulated the salt water system as a point source 
discharge. This Order, no longer regulates the salt water system point source 
discharge. The Discharger has installed a separate salt water system pumping station 
at the USN Graving Dock which enabled it to deactivate the pumps that produced 
discharges at Pier 13 and the Mole Pier. 

Broadway Complex: The Broadway Complex is located in downtown San Diego at 937 
North Harbor Drive on the comer of North Harbor Drive and Broadway. The Broadway 
Complex is within the Lindbergh Hydrologic Subarea (908.21) of the San Diego Mesa 
Hydrologic Area (908.20) of the Pueblo San Diego Hydrologic Unit (908.00). The 
commands located at this installation include the offices of CNRSW, Personnel Support 
Activity, Navy Computer & Telecommunications Station, Reserve Readiness Command, 
and Fleet and Industrial Supply Genter. Historically this installation served as a supply 
depot, but it has operated only minimally in that capacity since the middle 1990s. The 
site on which the Broadway Complex is located is slated for redevelopment. It is 
anticipated the Broadway Complex will be demolished and redeveloped within the 
permit period. The Navy will obtain a permit for and comply with the California General 
Construction Storm Water Permit for this work as a separate permit. Broadway 
Complex has Phase II MS4 storm water discharges. 

Mission Gorge Recreational Facility (MGRF; also known as Admiral Baker Field): 
MGRF also referred to locally as Admiral Baker Field, is located in the city of San Diego 
along the San Diego River and is within the Mission San Diego Hydrologic Subarea 
(907.11) of the Lower San Diego Hydrologic Area (907.1 0) of the San Diego Hydrologic 
Unit (907.00). The 440-acre installation is located east of Interstate 15, north of Friars 
Road, and west of Mission Gorge Road. The· installation primarily consists of cultivated 
or landscaped habitat with various ornamental trees and shrubs planted on the golf 
course and surrounding areas. Natural habitat onsite includes riparian woodland along 
the San Diego River and coastal sage scrub adjacent to the golf course on the north 
and northwestern edges of the property. Most of the natural habitat onsite either occurs 
within the San Diego River or along very steep slopes (25-50 percent or greater). 
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The majority of the land use at MGRF consists of two 18-hole golf courses and a driving 
range. Support facilities include a dance pavilion, snack bar, and coffee shop. Other 
recreational facilities include tennis courts, volleyball courts, a swimming pool, baseball 
fields, and a recreation vehicle (RV) camping area located on the southwestern edge of 
MGRF. The primary mission of MGRF is to provide for maximum participation in 
programs that are designed to enhance physical, mental, and social health of all active 
duty personnel and their dependents. Both planned and spontaneous sports programs 
receive priority compensation within this department. 

MGRF has Phase II MS4 storm water discharges and no industrial storm water 
discharges. 

The Naval Medical Center, San Diego (NMCSD): NMCSD is located within Balboa 
Park and occupies 79 acres in Florida Canyon. NMCSD is within the Lindbergh 
Hydrologic Subarea (908.21) of the San Diego Mesa Hydrologic Area (908.20) of the 
Pueblo San Diego Hydrologic Unit (908.00). The hospital complex is approximately 
500,000 square feet and provides service to approximately 3,800 patients on an 
average day. 

NMCSD provides medical care to active duty personnel, their dependents, and retirees. 
The hospital is one of only two teaching hospitals in the Navy. It provides training for 
enlisted hospital corpsmen and junior medical officers and nurses. The Medical Center 
Commander is also responsible for all Navy and Marine Corps medical facilities in 
California, Nevada, and Arizona. 

NMCSD has Phase II MS4 storm water discharges and no industrial storm water 
discharges. 

A. Description of Wastewater 

Discharges at the Facility consist of the following: 

1. Storm Water Discharges 

A total of 157 known storm water discharge points drain storm water runoff from 
NBSD. In a May 12, 2011 submittal, the Discharger indicated that there are 58 
known industrial storm water outfalls and 99 non-industrial storm water outfalls 
identified throughout NBSD. The Discharger identified 33 outfalls as receiving 
storm water flows from Industrial High Risk Areas, or areas associated with 
outdoor ship maintenance. 

This Order establishes requirements for storm water discharges from industrial 
and non-industrial areas of the Facility (including Industrial High Risk Areas, 
Industrial Low Risk Areas, Industrial No Exposure Areas, and Small MS4 Areas). 
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a. Small MS4s 

Section 402(p) of the CWA establishes a framework for regulating storm 
water discharges under the NPDES Program. In 1990, USEPA promulgated 
regulations for permitting storm water discharges from industrial sites and 
from municipal separate storm sewer systems (MS4s) serving a population of 
100,000 people or more. These regulations, known as the Phase I 
regulations, require operators of medium and large MS4s to obtain storm 
water permits. On December 8, 1999, USEPA promulgated regulations, 
known as Phase II, requiring permits for storm water discharges from Small 
MS4s. 

As defined by 40 CFR 122.26(b)(8), a MS4 is a conveyance or system of 
conveyances (including roads with drainage systems, municipal streets, catch 
basins, curbs, gutters, ditches, man-made channels, or storm drains): (i) 
designed or used for collecting or conveying storm water; (ii) which is not a 
combined sewer; and (iii) which is not part of a publicly owned treatment 
works (POTW). 

A Small MS4 is an MS4 that is not permitted under the municipal Phase I 
regulations, and which is owned or operated by the United States, a state, 
city, town, borough, county, parish, district, association, or other public body 
having jurisdiction over disposal of sewage, industrial wastes, storm water, or 
other wastes. Small MS4s include systems similar to separate storm sewer 
systems in large municipalities, such as systems at military bases. In this 
Order, Small MS4s are also referred to as Small (Military Base) MS4s or 
Phase II MS4s. 

The Facility has a number of storm water outfalls, storm water collection 
systems, and varying types of activities at the Facility. Storm water runoff 
from non-industrial portions of the Facility such as administrative buildings, 
roads, parking lots, and other municipal type discharges will be regulated 
under Phase II MS4 requirements. 

This Order establishes requirements for Small MS4 storm water discharges 
from the Facility based on Phase II MS4 requirements, similar to those 
established in the California Waste Discharge Requirements for Storm Water 
Discharges From Small Municipal Separate Storm Sewer Systems General 
Permit (State Water Board Order No. 2013-0001-DWQ), adopted by the State 
Water Board on February 5, 2013. 
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b. Industrial Storm Water 

Order No. R9-2002-0169 for NBSD regulated industrial storm water runoff 
from "Industrial High Risk Areas" through the implementation of a storm water 
pollution prevention plan (SWPPP), copper and zinc bench mark values, a 
toxicity effluent limitation, and first flush diversion requirements. 

High risk areas are defined in Attachment A as, "All areas where wastes or 
pollutants of significant quantities from ship construction, modification, repair, 
and maintenance activities (including abrasive blast grit material, primer, 
paint, paint chips, solvents, oils, fuels, sludges, detergents, cleansers, 
hazardous substances, toxic pollutants, non-conventional pollutants, 
materials of petroleum origin, or other substances of water quality 
significance) are subject to precipitation, run-on, and/or runoff. " 

This Order establishes requirements for the discharge of storm water runoff 
from "Industrial High Risk Areas". 

This Order also establishes requirements for storm water runoff from 
industrial areas not associated with ship construction, modification, repair, 
and maintenance activities, designated as "Industrial Low Risk Areas", and 
from "Industrial No Exposure Areas" where all industrial materials and 
activities are protected from contact with storm water. 

Section IV.B.1 of the Order defines Small MS4 Areas, Industrial No Exposure 
Areas, Industrial Low Risk Areas, and Industrial High Risk Areas. Section 
IV.B.2 of this Order requires that the risk level of storm water discharges shall 
be categorized annually by the Discharger based on the drainage area for 
each outfall. 

Pollutants that may be present in the discharge include pollutants that storm 
water is likely to contact, including, but not limited to sediment, solids, oil and 
grease, and metals. 

2. Non-Storm Water 

A list of authorized non-storm water discharges is in section IV.G.1 of this Order 
including diverted stream flows, rising ground water, uncontaminated ground 
water, springs, drinking fountain water, emergency eye wash water, condensate, 
and several others. These discharges are authorized unless they are a 
significant source of pollutants and if they meet the conditions in section IV.G.2 of 
the Order. Best Management Practices (BMPs) are required for these 
discharges. 
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3. Seawater Cooling Overboard Discharge Water 

The seawater cooling system draws water directly from San Diego Bay to cool 
ship engines. Water is pumped through heat exchangers where it absorbs heat 
and is then discharged to San Diego Bay at higher temperatures. While on the 
water, this discharge is regulated by the Uniform Naval Discharge System. This 
Order authorizes this discharge while a ship is in dry dock, unless they are a 
significant source of pollutants and if they meet the conditions in section IV.G.7 of 
the Order. BMPs are required for this discharge. 

4. Utility Vault and Manhole Dewatering 

NBSD has electrical and steam utility vaults and manholes, and discharges may 
occur from these point sources to surface waters. Utility companies, or agencies, 
such as the NAVFAC SW Public Works (formerly known as the Public Works 
Center or PWC) for the Discharger, supplies resources, as necessary, for day-to
day living and operations. This includes, but is not limited to, supplies of natural 
gas, electricity, and telephone service. Electrical and steam utilities are owned 
and maintained by the NAVFAC SW. Discharges from the utility vaults and 
manholes are short-term and intermittent. 

Typically, utility companies must dewater the vaults and underground structures 
prior to performing any repair, maintenance, and/or installation of equipment 
when the volume of water interferes with safety or quality of the work to be done. 
The volume of discharge could vary from a few gallons to thousands of gallons. 
The duration of discharge and pump rates for the discharge could also vary 
greatly. 

NBSD requires electrical power for both its shore and afloat operations. On-base 
electrical power is carried through an extensive underground conduit system. 
Electrical utility vaults and manholes contain high voltage electrical equipment, 
transformers, switchgear, and/or below grade cables. NBSD had 15 electrical 
vaults identified under Order No. R9-2002-0169. The Discharger has reported 
that only 12 of the 15 electrical vaults are subject to flooding and have the 
potential to discharge wastewater. Two (2) of the 12 vaults are located under 
Pier 2 and are subject to Bay water intrusion and storm water. Automatic sump 
pumps are installed in each vault and discharge the accumulated water directly 
to San Diego Bay. 
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The remaining 10 vaults are located on land, inside buildings, and are associated 
with electrical switching or substations. Similar to the pier vaults, the vaults on 
land can accumulate ground water and storm water, and they are dewatered 
using automatic sump pumps. The sump pumps discharge the water onto the 
ground surface around the vault buildings. These discharges have the potential 
to reach a storm drain inlet and discharge to San Diego Bay, depending on the 
volume of the discharge. 

The 12 utility vaults that have been identified as having the potential to discharge 
include: Pier 2, Vault 2 West (UV-001 ); Pier 2, Vault 1 East (UV-002); B 
Substation, Pier 2 (UV-003); F Substation, Bldg. 3403 (UV-004); Harbor Drive 
Substation, Bldg. P184A, near Bldg. 121 (UV-005); Vesta Substation (UV-006); 
McCandless Substation (UV-007); G Substation, Pier 6 (UV-008); P7 Substation, 
Pier 7, Bldg. 3420 (UV-009); J Substation, Pier 8 (UV-01 0); Mole Substation, 
Bldg. 3361, P414W (UV-011 ); and South Cummings Substation, Bldg. P405 (UV-
012). 

In addition to the vaults, electrical and steam utility manholes are located at all 
Facility installations, except at MGRF. These manholes can accumulate 
groundwater and storm water. They can also accumulate steam condensate 
water. High-pressure steam lines are located in underground conduit systems 
and are accessed through utility manholes. Water in the manholes must be 
removed when maintenance or emergency work on the utility services to NBSD 
is required. 

All manholes at NBSD are manually dewatered using a portable pump or pump 
truck. The Discharger has implemented procedures to eliminate dewatering 
discharges to surface waters from vaults without sump pumps and manholes. 
The Discharger either pumps the water into an adjacent utility manhole or 
transfers the water to the sanitary sewer system. However, there could be rare 
emergency situations that would require dewatering vaults without sump pumps 
or manholes onto the ground surface. 

Prior to the adoption of Order No. R9-2002-0169 for NBSD, discharges from 
utility vaults ·and manholes were regulated by the statewide General Order for 
Discharges from Utility Vaults and Underground Structures to Surface Waters 
(Order No. 96-12-DWQ, NPDES No. CAG990002). At the time of adoption of 
Order No. R9-2002-0169, the State Water Board was awaiting USEPA approval 
of the re-issued General Order (Order No. 2001-11-DWQ). In order to regulate 
all of the discharges at the Facility under one order, the San Diego Water Board 
incorporated the pertinent specifications, limitations, and monitoring requirements 
of Order No. 2001-11-DWQ into Order No. R9-2002-0169. The State Water 
Board has since re-issued the General Order again, the most recent version 
being Order No. 2006-0008-DWQ General National Pollutant Discharge 
Elimination System (NPOES) Permit for Discharges from Utility Vaults and 
Underground Structures to Surface Waters. To be consistent with the 
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requirements applied to other discharges from utility vaults in the San Diego 
region, the monitoring requirements in the Order are identical to the monitoring 
requirements in State Water Board Order R9-2006-0008-DWQ. 

Pollutants that may be found in the discharge include contaminants in the San 
Diego Bay water that accumulates in pier vaults, contaminants in groundwater 
that accumulates in shore side vaults and manholes, pollutants in storm water 
that accumulates in the utility vaults and manholes, and pollutants from electrical 
and steam equipment (e.g., oils, grease, metals) located in the vaults and 
manholes. A map of the utility vault and manhole dewatering discharge locations 
at NBSD is shown in Attachment B (Figure B-7). A line drawing for the utility 
vault and manhole dewatering discharges is shown in Attachment C (Figure C-3). 

5. Industrial Process Wastewater 

a. Steam Condensate 

The Discharger uses a pressurized steam system for its shore and afloat 
operations. The steam is produced at an on-site cogeneration plant operated 
by Sithe Energy, a contractor. Chemicals are injected into the boiler feed 
water and directly into the boilers. The chemicals that may be present in the 
steam condensate as a result of the additives include cyclohexylamine (20%), 
diethylaminoethanol, diethylhydroxylamine, hydroquinone, and morpholine. 

The produced steam is distributed to buildings and surface ships through a 
system made up of high and low pressure steam lines, pressure reducing 
valve stations, and expansion joints. The system traps steam condensate to 
ensure that the steam supplied meets user quality assurance specifications. 
When water collects in the steam lines, it is essential for the system to 
remove the water as soon as possible. 

Order No. R9-2002-0169 regulated steam condensate from 190 discharge 
points with an approximate discharge volume of 2,150 gallons per day (GPO). 
During the term of Order No. R9-2002-0169, the Discharger demolished Piers 
10 and 11, which were replaced with a new replacement Pier 10. 
Additionally, the Discharger is in the process of demolishing Pier 12 in order 
to construct a replacement pier. These activities have resulted in the 
elimination of outfalls P1 OST1 through P1 OST11 and P11 ST1 through 
P11 ST5 (as identified in Order No. R9-2002-0169) and the addition of 
Discharge Point Nos. SC-150 through SC-153. This Order regulates 175 
steam condensate discharge points, as identified in the Discharger's 
application. All but two of these points are located along the piers or quay 
walls. The pier discharge points, in addition to releasing steam, drip small 
amounts of water to the Bay between steam discharges. The estimated 
discharge rate for the steam lines is 1 ounce per minute. The estimated total 
discharge volume per day is 2,000 gallons per day (GPO). 
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The steam condensate discharges are typically from the traps. The 
discharges consist of steam clouds, with temperatures in excess of 1 00°C. A 
portion of the steam evaporates prior to condensing and discharging to San 
Diego Bay or ground surface, depending on the location of the steam trap, 
through Discharge Point Nos. SC-001 through SC-175. 

Pollutants that may be found in the discharge include contaminants in the 
potable water supplied to the steam boilers, chemical additives injected into 
the boiler feed water, and any contaminants that the steam condensate 
comes into contact with as it circulates steam distribution. A map of the steam 
condensate discharge locations at NBSD is shown in Attachment B (Figure B-
4 and B-5). A line drawing flow schematic for the steam condensate 
discharges is shown in Attachment C (Figure C-1 ). 

b. USN Graving Dock Deflooding Water. 

The discharge of dry dock deflooding water through Discharge Point Nos. 
NGD-001 and NDG-002 occurs during vessel docking and undocking. San 
Diego Bay water captured in the dry dock is pumped back into the San Diego 
Bay. Approximately 20.2 million gallons of graving dock deflooding water and 
salt water rinse is discharged per event. 

Pollutants that may be found in the discharge may include but are .not limited 
to any contaminants that the water from San Diego Bay comes into contact 
with as it enters the dry dock, any contaminants already in the water from San 
Diego Bay, and any contaminants that leach off a docking/undocking vessel's 
anti-fouling paint. 

c. USN Graving Dock Caisson Ballast Dewatering. 

To dock and undock a vessel, the caisson is raised approximately 4 feet by 
pumping a portion of the caisson ballast water to the San Diego Bay through 
Discharge Point No. NGD-003. Approximately 0.032 million gallons of 
caisson ballast water is discharged per event. 

d. Emergency Fire Suppression Water and Salt Water Supply Water. 

Water from the San Diego Bay is supplied to an emergency fire suppression 
system and saltwater supply system at the dry dock. Relief water from the 
systems is discharged through Discharge Point No. NGD-004. 
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e. Pier Boom, Fender, and Mooring Cleaning 

Security booms, oil containment booms, moorings, and fender systems are 
placed around vessels and piers at NBSD. The security and oil containment 
boom placed around the vessels and piers, and the pier mooring and fender 
systems accumulate marine growth and bird guano over time. The marine 
growth can cause the booms, moorings, and fender systems to sink, and the 
accumulated bird guano presents a potential human health hazard. The 
marine growth and bird guano is washed off with high-pressure potable water 
or seawater. The booms, moorings, and fender systems are usually removed 
from the water during the cleaning process. 

Typically, the booms, moorings, and fenders are cleaned twice per year on a 
quarterly rotational basis. The high-pressure washer discharges 5 gallons per 
minute (GPM) and operates 6 hours per day for 2 to 3 weeks per quarter for a 
total annual discharge of approximately 108,000 gallons. 

After a response to an oil spill, the oily booms are removed from the San 
Diego Bay by barge and transported to a designated cleaning area on Paleta 
Creek, north of Pier 8, at NBSD for cleaning. The cleaning water from the 
designated cleaning area discharges to the bilge and oily water treatment 
system (BOWTS) and then to the sanitary sewer system. 

Boom, mooring, and fender cleaning discharges at NBSD can occur at any 
pier where these are installed. However, cleaning typically occurs along the 
quay wall in front of the Waterfront Operations facility. 

Pollutants that may be found in the discharge include contaminants in the 
potable water or San Diego Bay water used in the pressure wash, any 
contaminants that the water comes into contact with as it passes through the 
pressure-wash equipment, and contaminants washed from the surfaces of the 
pier booms. A map of the pier boom, fender, and mooring cleaning discharge 
locations at NBSD is shown in Attachment B (Figure B-6). A line drawing for 
the pier boom, fender, and mooring cleaning discharges is shown in 
Attachment C (Figure C-2). 

f. Weight Test Water 

Weight testing is performed- on shipboard cranes and rigging to ensure they 
are operating properly and safely. Testing is typically performed after new 
systems are installed; repairs are performed on existing systems, or as part of 
recurring maintenance. The testing ensures cranes and rigging can safely 
perform their essential functions such as loading supplies and equipment, or 
on and off loading life rafts. The testing is performed by placing a pre
determined load on the cranes using water filled bags. After testing is 
completed, the bags are drained to San Diego Bay. 
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The weight test bags are filled utilizing the ship's salt water system. 
Discharges associated with the salt water system are incidental to the normal 
operations of the ship and are regulated under the Uniform National 
Discharge Standards (UNDS) program. This system takes in ambient water 
where it passes through pumps, pipes, and heat exchangers before being 
discharged. Use of the ships salt water system to fill the bags does not result 
in a new discharge, but one that would occur with or without weight testing. 
The bags are thoroughly cleaned after every use so no contaminants are 
added and the only discharge is the same water as the ship's salt water 
system which is regulated by the UNDS program. This Order requires the 
implementation of BMPs to ensure that no pollutants are added by the weight 
test bags. 

6. Ship Repair and Maintenance Activities 

The diverse discharges from ship repair and maintenance activities could occur 
at several locations, including aboard ship when docked, on the piers, or on 
shore locations. Ship repair and maintenance activities include abrasive blasting, 
hydroblasting, metal grinding, painting, tank cleaning, removal of bilge and 
ballast water, removal of anti-fouling paint, sheet metal work, electrical work, 
mechanical repair, engine repair, hull repair, and sewage disposal. Discharges 
associated with these activities include water contaminated with abrasive blast 
materials, paint, oils, fuels, lubricants, solvents, or petroleum; hydroblast water; 
tank cleaning water from tank cleaning to remove sludge and/or dirt; clarified 
water from oil/water separator; steam cleaning water; demineralizer and reverse 
osmosis brine; oily bilge water; vessel wash-down water; pipe and tank 
hydrostatic test water; miscellaneous low-volume water; saltbox water; paint 
chips; paint over spray; paint spills; hydraulic oil leaks and spills; fuel leaks and 
spills; abrasive blast materials; trash; miscellaneous refuse and rubbish; 
fiberglass dust; swept materials; and ship repair and maintenance activity debris. 
This Order prohibits discharges from ship repair and maintenance activities. 

B. Discharge Points and Receiving Waters 

1. A Facility Map is provided in Attachment B (Figure B-1). 

2. NBSD is located on the eastern edge of the San Diego Bay, bordered by the 
cities of San Diego to the north and east and National City to the south and east. 
NBSD is about three miles southeast of downtown San Diego and 10 miles north 
of the international border with Mexico. NBSD is a large facility located within 
three hydrologic subareas: the Chollas Hydrologic Subarea (908.22) of the San 
Diego Mesa Hydrologic Area (908.20), the El Toyan Hydrologic Subarea (908.31) 
and the Paradise Hydrologic Subarea (908.32) of the National City Hydrologic 
Area (908.30). The three hydrologic subareas are in the Pueblo San Diego 
Hydrologic Unit (908.00). 

Attachment F- Fact Sheet F-19 



UNITED STATES DEPARTMENT OF THE NAVY 
NAVAL BASE SAN DIEGO COMPLEX 

ORDER NO. R9-2013-0064 
NPDES NO. CA0109169 

3. Broadway Complex is located on the north eastern edge of San Diego Bay in 
downtown San Diego at 937 North Harbor Drive on the comer of North Harbor 
Drive and Broadway. The Broadway Complex is within the Lindbergh Hydrologic 
Subarea (908.21) of the San Diego Mesa Hydrologic Area (908.20) of the Pueblo 
San Diego Hydrologic Unit (908.00). 

4. MGRF, also referred to locally as Admiral Baker Field, is located in the city of 
San Diego along the San Diego River and is within the Mission San Diego 
Hydrologic Subarea (907.11) of the Lower San Diego Hydrologic Area (907.1 0) 
of the San Diego Hydrologic Unit (907.00). 

5. Naval Medical Center, San Diego is located within Balboa Park and occupies 79 
acres in Florida Canyon within the Lindbergh Hydrologic Subarea (908.21) of the 
San Diego Mesa Hydrologic Area (908.20) of the Pueblo San Diego Hydrologic 
Unit (908.00). 

6. Industrial wastewater is discharged into the San Diego Bay as summarized 
below: 

T bl F 3 a e - o· h tsc arge L f oca tons 

Application Discharge Discharge 
Discharge Receiving 

Effluent Description Point Name Point Point Latitude Longitude 
Water 

P1ST1 SC-001 Steam Condensate 32°41'9"N -11r 7' 57" w San Diego 
Bay 

P1ST2 SC-002 Steam Condensate 32° 41' 8" N -11r 7' 59" w San Diego 
Bay 

P1ST3 SC-003 Steam Condensate 32°41'7"N -11r 8', 1" w San Diego 
Bay 

P1ST4 SC-004 Steam Condensate 32°41'7"N -11r 8' 2" w San Diego 
Bay 

P1ST5 SC-005 Steam Condensate 32°41'5"N -11r 8' 3"W 
San Diego 

Bay 

P1ST6 SC-006 Steam Condensate 32°41'5"N -11r 8' 5" w San Diego 
Bay 

P1ST7 SC-007 Steam Condensate 32o41'4"N -11r 8' 5" w San Diego 
Bay 

P1ST8 SC-008 Steam Condensate 32° 41' 3" N -11r 8' 6" w San Diego 
Bay 

P1ST9 SC-009 Steam Condensate 32o41'4"N -11r 8' 5" w San Diego 
Bay 

P1ST10 SC-010 Steam Condensate 32o41'5"N -11r 8' 4" w San Diego 
Bay 

P1 ST11 SC-011 Steam Condensate 32°41'5"N -11r 8' 3" w San Diego 
Bay 

P1ST12 SC-012 Steam Condensate 32o41'6"N -11r 8' 1" w San Diego 
Bay_ 

P1ST13 SC-013 Steam Condensate 32° 41' 7" N -11JD 8' O"W 
San Diego 

Bay 

P1ST14 SC-014 Steam Condensate 32° 41' 8" N -11r 7' 59" w San Diego 
Bay 
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Application Discharge Effluent Description 
Name Point 

P1ST15 SC-015 Steam Condensate 

QW1 2ST1 SC-016 Steam Condensate 

QW1 2ST2 SC-017 Steam Condensate 

QW1 2ST3 SC-018 Steam Condensate 

P2ST1 SC-019 Steam Condensate 

P2ST2 SC-020 Steam Condensate 

P2ST3 SC-021 Steam Condensate 

P2ST4 SC-022 Steam Condensate 

P2ST5 SC-023 Steam Condensate 

P2ST6 SC-024 Steam Condensate 

P2ST7 SC-025 Steam Condensate 

P2ST8 SC-026 Steam Condensate 

P2ST9 SC-027 Steam Condensate 

P2ST10 SC-028 Steam Condensate 

P2ST11 SC-029 Steam Condensate 

P2ST12 SC-030 Steam Condensate 

P2ST13 SC-031 Steam Condensate 

P2ST14 SC-032 Steam Condensate 

P2ST15 SC-033 Steam Condensate 

QW2 3ST1 SC-034 Steam Condensate 

P3ST1 SC-035 Steam Condensate 

P3ST2 SC-036 Steam Condensate 

P3ST3 SC-037 Steam Condensate 

P3ST4 SC-038 Steam Condensate 

P3ST5 SC-039 Steam Condensate 
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Discharge 
Point Latitude 

32° 41' 9" N 

32° 41' 7" N 

32°41'4"N 

32°41'2"N 

32° 41' 1" N 

32°41'1"N 

32° 41' 0" N 

32° 40' 58" N 

32° 40' 58" N 

32° 40' 56" N 

32° 40' 56" N 

32° 40' 57" N 

32° 40' 57" N 

32° 40' 59" N 

32° 40' 59" N 

32° 41' 0" N 

32°41'2"N 

32°41'2"N 

32°41'3"N 

32°41'1"N 

32° 40' 58" N 

32° 40' 56" N 

32° 40' 56" N 

32° 40' 55" N 

32° 40' 53" N 
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Discharge 
Receiving 

Point 
Longitude 

Water 

-117"7'57"W 
San Diego 

Bay 

-117" 7' 55" w San Diego 
Bay 

-117"7'51"W 
San Diego 

Bay 

-117" 7' 50" w S<m Diego 
Bay 

-117"7'51"W 
San Diego 

Bay 

-117"7'51"W 
San Diego 

Bay 

-117" 7' 53" w San Diego 
Bay 

-117" 7' 56" w San Diego 
Bay 

-117" 7' 56" w San Diego 
Bay 

-117" 7' 59" w San Diego 
Bay 

-117" 7' 59" w San Diego 
Bay 

-11r 7' 57" w San Diego 
Bay 

-·--

-117"7'57"W 
San Diego 

Bay 

-117" 7' 54" w San Diego 
Bay 

-117" 7' 54" w San Diego 
Bay 

-117"7'51"W 
San Diego 

Bay 

-117" 7' 48" w San Diego 
Bay 

-11 yo 7' 48" w San Diego 
Bay 

-117" 7' 47" w San Diego 
Bay 

-117"7'41"W 
San Diego 

Bay 

-117" 7' 42" w San Diego 
Bay 

-11r T 44" w San Diego 
Bay 

-11r T 45" w San Diego 
Bay 

-11r 7' 47" w San Diego 
Bay 

-11r 7' 49" w San Diego 
Bay 
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Application Discharge 
Effluent Description Name Point 

P3ST6 SC-040 Steam Condensate 

P3ST7 SC-041 Steam Condensate 

P3ST8 SC-042 Steam Condensate 

P3ST9 SC-043 Steam Condensate 

P3ST10 SC-044 Steam Condensate 

P3ST11 SC-045 Steam Condensate 

P3ST12 SC-046 Steam Condensate 

P3ST13 SC-047 Steam Condensate 

QW3 4ST1 SC-048 Steam Condensate 

QW3 4ST2 SC-049 Steam Condensate 

P4ST1 SC-050 Steam Condensate 

P4ST2 SC-051 Steam Condensate 

P4ST3 SC-052 Steam Condensate 

P4ST4 SC-053 Steam Condensate 

P4ST5 SC-054 Steam Condensate 

P4ST6 SC-055 Steam Condensate 

P4ST7 SC-056 Steam Condensate 

P4ST8 SC-057 Steam Condensate 

P4ST9 SC-058 Steam Condensate 

P4ST10 SC-059 Steam Condensate 

P4ST11 SC-060 Steam Condensate 

P4ST12 SC-061 Steam Condensate 

P4ST13 SC-062 Steam Condensate 

P4ST14 SC-063 Steam Condensate 

P4ST15 SC-064 Steam Condensate 
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Discharge 
Point Latitude 

32° 40' 52" N 

32° 40' 51" N 

32° 40' 52" N 

32° 40' 53" N 

32° 40' 54" N 

32° 40' 56" N 

32° 40' 57" N 

32o 40' 58" N 

32° 40' 57" N 

32° 40' 55" N 

32° 40' 53" N 

32° 40' 52" N 

32° 40' 51" N 

32° 40' 50" N 

32° 40' 49" N 

32° 40' 49" N 

32° 40' 48" N 

32° 40' 48" N 

32° 40' 47" N 

32° 40' 46" N 

32° 40' 46" N 

32° 40' 45" N 

32° 40' 46" N 

32° 40' 47" N 

32° 40' 48" N 
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Discharge 
Receiving 

Point 
Longitude 

Water 

-117"7'51"W 
San Diego 

Bay 

-117" 7' 53" w San Diego 
Bay 

-117"7'51"W 
San Diego 

Bay 

-117" 7' 49" w San Diego 
Bay 

-117" 7' 46" w San Diego 
Bay 

-117" 7' 44" w San Diego 
Bay 

-117" 7' 42" w San Diego 
Bay 

-117" 7' 40" w San Diego 
Bay 

-117" 7' 38" w San Diego 
Bay 

-117" 7' 36" w San Diego 
Bay 

-117" 7' 35" w San Diego 
Bay 

-117" 7' 36" w San Diego 
Bay 

-117" 7' 38" w San Diego 
Bay 

-117" 7' 39" w San Diego 
Bay 

-117" 7'40"W 
San Diego 

Bay 

-117"7'41"W 
San Diego 

Bay 

-117" 7' 42" w San Diego 
Bay 

-117" 7' 43" w San Diego 
Bay 

-117" 7' 44" w San Diego 
Bay_ 

-117" 7' 45" w San Diego 
Bay 

-117" 7'46" w San Diego 
Bay 

-117" 7' 46" w San Diego 
Bay 

-117" 7' 45" w San Diego 
Bay 

-117" 7' 44" w San Diego 
Bay 

-117"7'41"W 
San Diego 

Bay 

F-22 



UNITED STATES DEPARTMENT OF THE NAVY 
NAVAL BASE SAN DIEGO COMPLEX 

Application Discharge 
Name Point 

Effluent Description 

P4ST16 SC-065 Steam Condensate 

P4ST17 SC-066 Steam Condensate 

P4ST18 SC-067 Steam Condensate 

P4ST19 SC-068 Steam Condensate 

P4ST20 SC-069 Steam Condensate 

P4ST21 SC-070 Steam Condensate 

QW4 5ST1 SC-071 Steam Condensate 

QW4 5ST2 SC-072 Steam Condensate 

QW4 5ST3 SC-073 Steam Condensate 

QW4 5ST4 SC-074 Steam Condensate 

P5ST1 SC-075 Steam Condensate 

P5ST2 SC-076 Steam Condensate 

P5ST3 SC-077 Steam Condensate 

P5ST4 SC-078 Steam Condensate 

P5ST5 SC-079 Steam Condensate 

P5ST6 SC-080 Steam Condensate 

P5ST7 SC-081 Steam Condensate 

P5ST8 SC-082 Steam Condensate 

P5ST9 SC-083 Steam Condensate 

P5ST10 SC-084 Steam Condensate 

P5ST11 SC-085 Steam Condensate 

P5ST12 SC-086 Steam Condensate 

P5ST13 SC-087 Steam Condensate 

P5ST14 SC-088 Steam Condensate 

QW5 6ST1 SC-089 Steam Condensate 
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Discharge 
Point Latitude 

32° 40' 49" N 

32° 40' 50" N 

32° 40' 50" N 

32° 40' 52" N 

32° 40' 52" N 

32° 40' 52" N 

32° 40' 51" N 

32o40'51"N 

32° 40' 49" N 

32° 40' 47" N 

32° 40' 46" N 

32° 40' 45" N 

32° 40' 44" N 

32° 40' 43" N 

32° 40' 42" N 

32o 40' 41" N 

32° 40' 40" N 

32° 40' 40" N 

32° 40' 41" N 

32° 40' 42" N 

32° 40' 43" N 

32o 40' 44" N 

32° 40' 44" N 

32° 40' 45" N 

32°40'41"N 
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Discharge Receiving 
Point Water 

Longitude 

-117" 7' 40" w San Diego 
Bay 

-117" 7' 39" w San Diego 
Bay 

-117" 7' 38" w San Diego 
Bay 

-117" 7' 35" w San Diego 
Bay 

-117" 7' 35" w San Diego 
Bay 

-117" 7' 35" w San Diego 
Bay 

-117" 7' 33" w San Diego 
Bay 

-117" 7' 33" w San Diego 
Bay 

-117"7'31"W 
San Diego 

Bay 

-117" 7' 30" w San Diego 
Bay 

-117" 7' 31" w San Diego 
Bay 

-117" 7' 33" w San Diego 
Bay 

-117" 7' 34" w San Diego 
Bay 

-117" 7' 35" w San Diego 
Bay 

-117" 7' 37" w San Diego 
Bay 

-117"7'36"W 
San Diego 

Bay 

-117" 7' 40" w San Diego 
Bay 

-117" 7' 40" w San Diego 
Bay 

-117" 7' 38" w San Diego 
Bay 

-117" 7' 36" w San Diego 
Bay 

-117"7'35"W 
San Diego 

Bay 

-117" 7' 34" w San Diego 
Bay 

-117" 7' 32" w San Diego 
Bay 

-117"7'31"W 
San Diego 

Bay 

-117" 7' 24" w San Diego 
Bay -
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Application Discharge 
Name Point Effluent Description 

P6ST1 SC-090 Steam Condensate 

P6ST2 SC-091 Steam Condensate 

P6ST3 SC-092 Steam Condensate 

P6ST4 SC-093 Steam Condensate 

P6ST5 SC-094 Steam Condensate 

P6ST6 SC-095 Steam Condensate 

P6ST7 SC-096 Steam Condensate 

P6ST8 SC-097 Steam Condensate 

P6ST9 SC-098 Steam Condensate 

P6ST10 SC-099 Steam Condensate 

QW6 7ST1 SC-100 Steam Condensate 

QW6 7ST2 SC-101 Steam Condensate 

P7ST1 SC-102 Steam Condensate 

P7ST2 SC-103 Steam Condensate 

P7ST3 SC-104 Steam Condensate 

P7ST4 SC-105 Steam Condensate 

P7ST5 SC-106 Steam Condensate 

P7ST6 SC-107 Steam Condensate 

P7ST7 SC-108 Steam Condensate 

P7ST8 SC-109 Steam Condensate 

P7ST9 SC-11 0 Steam Condensate 

P7ST10 SC-111 Steam Condensate 

P7ST11 SC-112 Steam Condensate 

P7ST12 SC-113 Steam Condensate 

P7ST13 SC-114 Steam Condensate 
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Discharge 
Point Latitude 

32° 40' 40" N 

32° 40' 38" N 

32° 40' 36" N 

32° 40' 35" N 

32° 40' 34" N 

32° 40' 35" N 

32° 40' 36" N 

32° 40' 38" N 

32° 40' 39" N 

32° 40' 40" N 

32° 40' 36" N 

32° 40' 35" N 

32° 40' 34" N 

32° 40' 34" N 

32° 40' 33" N 

32° 40' 32" N 

32° 40' 31" N 

32° 40' 30" N 

32° 40' 29" N 

32° 40' 28" N 

32° 40' 27" N 

32° 40' 27" N 

32° 40' 26" N 

32° 40' 25" N 

32° 40' 26" N 
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Discharge Receiving 
Point Water 

Longitude 

-11 yo 7' 26" w San Diego 
Bay 

-11yo 7' 28" w San Diego 
Bay 

-11 yo 7' 32" w San Diego 
Bay 

-11 yo 7' 34" w San Diego 
Bay 

-11 yo 7' 36" w San Diego 
Bay 

-11 yo 7' 33" w San Diego 
Bay 

-11yo7'31"W San Diego 
Bay 

-11 yo 7' 28" w San Diego 
Bay 

-11 yo 7' 26" w San Diego 
Bay 

-11yo 7' 24" w San Diego 
Bay 

-11yo7'21"W San Diego 
Bay 

-11 yo 7' 19" w San Diego 
Bay 

-11 yo 7' 19" w San Diego 
Bay 

-11 yo 7' 19" w San Diego 
Bay 

-11 yo 7' 22" w San Diego 
Bay 

-11 yo 7' 24" w San Diego 
Bay 

-11 yo 7' 25" w San Diego 
Bay 

-11yo 7' 27" w San Diego 
Bay 

-11 yo 7' 28" w San Diego 
Bay 

-11 yo 7' 29" w San Diego 
Bay 

-11yo7'31"W San Diego 
Bay 

-11yo 7' 32" w San Diego 
Bay 

-11 yo 7' 33" w San Diego 
Ba)' 

-11 yo 7' 33" w San Diego 
Bay 

-11 yo 7' 32" w San Diego 
Bay 
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Application Discharge Effluent Description 
Name Point 

P7ST15 SC-115 Steam Condensate 

P7ST16 SC-116 Steam Condensate 

P7ST18 SC-117 Steam Condensate 

P7ST19 SC-118 Steam Condensate 

P7ST20 SC-119 Steam Condensate 

P7ST21 SC-120 Steam Condensate 

P7ST22 SC-121 Steam Condensate 

QW7 8ST1 SC-122 Steam Condensate 

P8ST1 SC-123 Steam Condensate 

P8ST2 SC-124 Steam Condensate 

P8ST3 SC-125 Steam Condensate 

P8ST4 SC-126 Steam Condensate 

P8ST5 SC-127 Steam Condensate 

P8ST6 SC-128 Steam Condensate 

P8ST7 SC-129 Steam Condensate 

P8ST8 SC-130 Steam Condensate 

P8ST9 SC-131 Steam Condensate 

P8ST10 SC-132 Steam Condensate 

P8ST11 SC-133 Steam Condensate 

P8ST12 SC-134 Steam Condensate 

P8ST13 SC-135 Steam Condensate 

P8ST14 SC-136 Steam Condensate 

QW8 9ST1 SC-137 Steam Condensate 

QW8 9ST2 SC-138 Steam Condensate 

QW8 9ST3 SC-139 Steam Condensate 

Attachment F- Fact Sheet 

Discharge 
Point Latitude 

32° 40' 28" N 

32° 40' 29" N 

32° 40' 30" N 

32° 40' 31" N 

32° 40' 32" N 

32° 40' 34" N 

32° 40' 34" N 

32° 40' 30" N 

32° 40' 28" N 

32° 40~ 28" N 

32o 40' 26" N 

32° 40' 25" N 

32° 40' 24" N 

32° 40' 23" N 

32° 40' 22" N 

32° 40' 20" N 

32° 40' 20" N 

32°40'21"N 

32° 40' 23" N 

32o 40' 24" N 

32° 40' 25" N 

32° 40' 26" N 

32° 40' 27" N 

32° 40' 26" N 

32° 40' 24" N 

ORDER NO. R9-2013-0064 
NPDES NO. CA01 09169 

Discharge 
Receiving 

Point 
Longitude 

Water 

-117" 7' 29" w San Diego 
Bay 

-117" 7' 28" w San Diego 
Bay 

-117" 7' 25" w San Diego 
Bay 

-117"7'23"W 
San Diego 

Bay 

-117"7'22"W 
San Diego 

Bay 

-117" 7' 19" w San Diego 
Bay 

-117" 7' 19" w San Diego 
Bay 

-117" 7' 15" w San Diego 
Bay 

-117" 7' 14" w San Diego 
Bay 

-117" 7' 15" w San Diego 
Bay 

-117" 7' 17" w San Diego 
Bay 

-117" 7' 19" w San Diego 
Bay 

-117"7'21"W San Diego 
Bay 

-117"7'22"W 
San Diego 

Bay 

-117" 7' 25" w San Diego 
Bay 

-117" 7' 27" w San Diego 
Bay 

-11 r 7' 27" w San Diego 
Bay 

-117" 7' 25" w San Diego 
Bay 

-117"7'22"W San Diego 
Bay 

-117"7'21"W San Diego 
Bay 

-117" 7' 19" w San Diego 
Bay 

-117"7'17"W San Diego 
Bay 

-117" 7' 14" w San Diego 
Bay 

-117" 7' 13" w San Diego 
Bay 

-117"7'11"W San Diego 
Bay --
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Application Discharge 
Effluent Description Name Point 

P9ST1 SC-140 Steam Condensate 

P9ST2 SC-141 Steam Condensate 

P9ST3 SC-142 Steam Condensate 

QW9 10ST1 SC-143 Steam Condensate 

P10ST1 SC-144 Steam Condensate 

P10ST11 SC-145 Steam Condensate 

QW1011ST1 SC-146 Steam Condensate 

QW10 11ST2 SC-147 Steam Condensate 

QW10 11 ST3 SC-148 Steam Condensate 

P11ST5 SC-149 Steam Condensate 

011 12ST2 SC-150 Steam Condensate 

P12ST1 SC-151 Steam Condensate 

P12ST2 SC-152 Steam Condensate 

P12ST3 SC-153 Steam Condensate 

QW12 13ST1 SC-154 Steam Condensate 

QW12 13ST2 SC-155 Steam Condensate 

P13ST1 SC-156 Steam Condensate 

P13ST2 SC-157 Steam Condensate 

P13ST3 SC-158 Steam Condensate 

P13ST4 SC-159 Steam Condensate 

P13ST5 SC-160 Steam Condensate 

P13ST6 SC-161 Steam Condensate 

P13ST7 SC-162 Steam Condensate 

P13ST8 SC-163 Steam Condensate 

P13ST9 SC-164 Steam Condensate 

Attachment F- Fact Sheet 

Discharge 
Point Latitude 

32°40'11"N 

32° 40' 11" N 

32° 40' 9" N 

32° 40' 4" N 

32° 40' 4" N 

32° 40' 4" N 

32° 40' 4" N 

32° 40' 2" N 

32° 39' 58" N 

32° 39' 58" N 

32° 39' 58" N 

32° 39' 52" N 

32° 39' 50" N 

32° 39' 52" N 

32° 39' 48" N 

32° 39' 46" N 

32° 39' 45" N 

32° 39' 45" N 

32° 39' 45" N 

32° 39' 45" N 

32° 39' 45" N 

32° 39' 45" N 

32° 39' 44" N 

32° 39' 44" N 

32° 39' 43" N 
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Discharge 
Receiving 

Point 
Longitude 

Water 

-11r T 19" w San Diego 
Bay 

-11r7'22"W San Diego 
Bay 

-11r 7' 23" w San Diego 
Bay 

-11r 7' 10" w San Diego 
Bay 

-11r 7' 10" w San Diego 
Bay 

-11r T 10" w San Diego 
Bay 

-11r T 10" w San Diego 
Bay 

-11r 7' 10" w San Diego 
Bay 

-11r 7' 9" w San Diego 
Bay 

-11r 7' 9" w San Diego 
Bay 

-11r 7' 9" w San Diego 
Bay 

-11r7'11"W San Diego 
Bay 

-11r 7' 23" w San Diego 
Bay 

-11r7'11"W San Diego 
Bay 

-11r 7' 8" w San Diego 
Bay 

-11r T 7" w San Diego 
Bay 

-11r T 9" w San Diego 
Bay 

-11r T 10" w San Diego 
Bay 

-11r 7' 13" w San Diego 
Bay 

-11r 7' 15" w San Diego 
Bay 

-11r 7' 17" w San Diego 
Bay 

-11r 7' 19" w San Diego 
Bay 

-11r T 20" w San Diego 
Bay 

-11r 7' 22" w San Diego 
Bay 

-11r T 24" w San Diego· 
Bay 
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Application Discharge Effluent Description Name Point 

P13ST10 SC-165 Steam Condensate 

P13ST11 SC-167 Steam Condensate 

P13ST12 SC-168 Steam Condensate 

P13ST13 SC-169 Steam Condensate 

P13ST14 SC-170 Steam Condensate 

P13ST15 SC-171 Steam Condensate 

P13ST16 SC-172 Steam Condensate 

P13ST17 SC-173 Steam Condensate 

P13ST18 SC-174 Steam Condensate 

IL01 SC-175 Steam Condensate 

Boom Cleaning BC-001 Boom Cleaning 1 

Pier 2, Vault 2 UV-001 
Utility Vault & Manhole 

West Dewaterinq 2 

Pier 2, Vault 1 
UV-002 

Utility Vault & Manhole 
East Dewatering 2 

B Substation, 
UV-003 

Utility Vault & Manhole 
Pier 2 Dewaterinq2 

F Substation, UV-004 Utility Vault & Manhole 
Bldg. 3403 Dewatering2 

Harbor Drive 
Substation, UV-005 

Utility Vault & Manhole 
Bldg. P184A Dewatering2 

near Bldg. 121 
Vesta 

UV-006 
Utility Vault & Manhole 

Substation Dewatering 2 

McCandless 
UV-007 

Utility Vault & Manhole 
Substation Dewaterinq 2 

G Substation, UV-008 Utility Vault & Manhole 
Pier 6 Dewatering 2 

P7 Substation, 
Utility Vault & Manhole 

Pier 7, Bldg. UV-009 
3420 

Dewatering 2 

J Substation, UV-01 0 
Utility Vault & Manhole 

Pier 8 Dewaterinq 2 

Mole 
Substation, UV-011 Utility Vault & Manhole 
Bldg. 3361, Dewatering 2 

P414W 

Attachment F- Fact Sheet 

Discharge 
Point Latitude 

32° 39' 43" N 

32° 39' 43" N 

32° 39' 43" N 

32° 39' 44" N 

32° 39' 44" N 

32° 39' 44" N 

32° 39' 44" N 

32° 39' 44" N 

32° 39' 44" N 

32° 40 49" N 

32° 40' 24" N 

32° 40' 59" N 

32° 40' 59" N 

32o41'2"N 

32° 40' 59" N 

32° 40' 59" N 

32° 40' 52" N 

32° 40' 55" N 

32° 40' 41" N 

32° 40' 37" N 

32° 40' 30" N 

32° 40' 10" N 
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Discharge Receiving 
Point 

Longitude 
Water 

-11r T 22" w San Diego 
Bay 

-11r T 20" w San Diego 
Bay 

-11r T 19" w San Diego 
Bay 

-11r7'17"W 
San Diego 

Bay 

-11r T 15" w San Diego 
Bay 

-11r T 13" w San Diego 
Bay 

-11r T 10" w San Diego 
Bay 

-11r T 9" w San Diego 
Bay 

-11r7'7"W 
San Diego 

Bay 

-11r7'31"W 
San Diego 

Bay 

-11r7'1"W San Diego 
Bay 

-11r T 55" w San Diego 
Bay 

-11r T 52" w San Diego 
Bay 

-11r T 48" w San Diego 
Bay 

-11r T 37" w San Diego 
Bay 

-11r T 30" w San Diego 
Bay 

-11r T 12" w San Diego 
Bay 

-11r T 8" w Paleta Creek 

-11r7'23"W 
San Diego 

Bay 

San Diego 
-11r T 19" w 

Bay 

-11r7'12"W San Diego 
Bay 

-11r7'14"W San Diego 
Bay 
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.I 

Application Discharge Discharge 
Discharge 

Receiving 
Effluent Description Point Name Point Point Latitude Longitude 

Water 

South 
Cummings UV-012 Utility Vault & Manhole 32° 40' 16" N -11r6'54"W Paleta Creek 
Substation, Dewatering 2 

Bldg. P405 

001 NGD-001 Deflooding water/Salt water 32° 40' 45" N -11r T 30" w San Diego 
rinse Bay 

002 NGD-002 Deflooding water/Salt Water 32° 40' 45" N -11r T 30" w San Diego 
Rinse Bay 

003 NGD-003 Caisson ballast dewatering 32° 40' 45" N -11r T 30" w San Diego 
Bay 

004 NGD-004 
Emergency fire 32° 40' 45" N -11r T 30" w San Diego 

suppression/Saltwater supply Bay 

005 NGD-005 
Seawater Cooling 32° 40' 45" N -11r T 30" w San Diego 
Overboard Water Bay 

Weight Test Various 
Weight Test Water Various Various 

San Diego 
Water Locations Bay 

Small Municipal Separate Storm Sewer System (MS4) Discharges 

See 
See See 

Chollas 
Attachment Storm Water (wet weather) 

Attachment M Attachment M 
Creek, San 

-- M to this and Non-Storm Water (dry 
to this Order to this Order for 

Diego River, 
Order for weather) 

for NBSD3 NBSD3 or San Diego 
NBSD3 Bay 

Industrial No Exposure Area Storm Water Discharges 

See Industrial No Exposure Area See See 
Chollas 

Attachment Storm Water (wet weather) 
Attachment M Attachment M 

Creek, Paleta --
M to this and Non-Storm Water (dry Creek or San 

Order weather) 
to this Order to this Order Diego Ba)' 

Industrial Low Risk Area Storm Water Discharges 

See Industrial Low Risk Area 
See See 

Chollas 
Attachment Storm Water (wet weather) 

Attachment M Attachment M 
Creek, Paleta --

M to this and Non-Storm Water (dry Creek, or San 
Order weather) 

to this Order to this Order Diego Bay 

Industrial High Risk Area Storm Water Discharges 

See Industrial Low Risk Area See See 
Attachment Storm Water (wet weather) Attachment M Attachment M 

San Diego 
-- M to this and Non-Storm Water (dry Bay 

Order weather) 
to this Order to this Order 

Boom, moonng, and fender cleanmg discharges can occur at any p1er where booms are mstalled. 
However, boom cleaning typically occurs along the quay wall in front of the Waterfront Operations facility. 
The discharge point identified in the table is located at the Waterfront Operations facility. Oil booms 
contaminated with oil or fuel are removed from water for cleaning with no discharge to receiving waters. 
Security boom cleaning to remove marine growth is most often performed at the location where the boom 
is installed. 
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2 

3 

The discharge points identified in the table represent electrical utility vaults that could potentially 
discharge to San Diego Bay and Paleta Creek. Manhole dewatering is performed with manual pumps or 
pumper trucks and the water is discharged to the sanitary sewer or to adjacent manholes. A manhole 
dewatering discharge to a storm drain or receiving water would be very infrequent and only during 
emergencies. Discharge locations could occur at numerous locations within the Facility. 
The MS4 discharge points identified in Attachment Mare in NBSD. Other MS4 discharge points are 
located in Broadway Complex, Mission Gorge Recreational Facility, and the Naval Medical Center San 
Diego 

C. Summary of Existing Requirements and Self-Monitoring Report (SMR) Data 

1. Order No. R9-2002-0169 for NBSD and Order No. R9-2003-0265 for the Graving 
Dock prohibited the discharge of the following: 

a. paint chips; 
b. blasting materials 
c. paint over spray; 
d. paint spills; 
e. water contaminated with abrasive blast materials, paint, oils, fuels, lubricants, 

solvents, or petroleum; 
f. hydro-blast water; 
g. tank cleaning water from tank cleaning to remove sludge and/or dirt; 
h. clarified water from oil and water separator, except for storm water discharges 

treated by an oil and water separator and reported by the Discharger to the 
San Diego Water Board; 

i. steam cleaning water; 
j. pipe and tank hydrostatic test water, unless regulated by an NPDES permit; 
k. saltbox water; 
I. hydraulic oil leaks and spills; 
m. fuel leaks and spills; 
n. trash; 
o. refuse and rubbish; 
p. fiberglass dust; 
q. swept materials; 
r. ship repair and maintenance activity debris; 
s. waste zinc plates; 
t. marine fouling organisms; 
u. demineralizer and reverse osmosis brine; and 
v. oily bilge water. 

2. Compliance with the waste discharge prohibitions contained in the Basin Plan 
and as listed in Attachment C to Order No. R9-2002-0169 for NBSD and Order 
No. R9-2003-0265 for the USN Graving Dock was required as a condition of the 
Orders. 

3. The waste discharge prohibitions contained in the Bays and Estuary Policy were 
included in Order Nos. R9-2002-0169 and R9-2003-0265. 
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4. Discharges of wastes that have not been described in the ROWD and Fact Sheet 
for Order No. R9-2002-0169 for NBSD, and discharges of waste in a manner or 
to a location that had not been specifically described in the ROWD and Fact 
Sheet for Order No. R9-2002-0169 for NBSD were prohibited unless regulated by 
applicable waste discharge requirements. 

5. Except as allowed in the SWPPP requirements of Order No. R9-2002-0169 for 
NBSD, non-storm water discharges that discharge either directly or indirectly to 
waters of the US were prohibited. Prohibited non-storm water discharges were 
required to be either eliminated or permitted by a separate NPDES permit. 

6. Order No. R9-2003-0265 for the USN Graving Dock prohibited the discharge of 
wastes and pollutants from underwater operations, such as underwater paint 
and/or coating removal and underwater hull cleaning (e.g. "scamping"). This 
prohibition did not apply to the discharge of marine fouling organisms removed 
from unpainted and uncoated surfaces by underwater operations, or to 
discharges that result from the cleaning of floating booms that were installed for 
"Force Protection" purposes. 

7. First Flush of Storm Water 

a. Order No. R9-2002-0169 for NBSD required the Discharger to terminate the 
first flush (first% inch of storm water runoff) from all Industrial High Risk 
Areas within 2 years of the adoption of the Order. 

Addendum No. 1 to Order No. R9-2002-0169 for NBSD was adopted on 
November 10, 2004 to specify that the Discharger may develop and 
implement storm water treatment technology that provides equivalent or 
greater water quality protection as an alternative to diversion. A storm water 
treatment system using filter-absorption technology is installed at one facility, 
the Navy Regional Recycling Center. All storm water runoff at this facility 
drains through the treatment unit before discharge. Pollutants such as metals 
and sediment are removed as storm water flows through a multi-media filter 
treatment unit comprised of gravel, bone char, and activated alumina. The 
maximum design flow rate through the system is 250 GPM 

Effective 4 years after the adoption of Order No. R9-2002-0169 for NBSD, 
compliance with an acute toxicity effluent limitation was required for the 
discharge of storm water. The acute toxicity effluent limitation provided that in 
a 96-hour static or continuous flow bioassay (toxicity) test, undiluted storm 
water runoff associated with industrial activity shall not produce less than 90 
percent survival, 50 percent of the time, and not less than 70 percent, ten 
percent of the time. 
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b. Order No. R9-2003-0265 for the USN Graving Dock prohibited the discharge 
of the first flush of storm water runoff from Industrial High Risk Areas, except 
if the pollutants in the discharge were reduced to the extent that compliance 
with acute toxicity effluent limitations were achieved. The acute toxicity 
effluent limitations were the same as those established in Order No. R9-2002-
0169 for NBSD discussed above. 

8. Order No. R9-2002-0169 for NBSD required that whenever the analyses of 
industrial storm water discharge from any industrial activity contains a copper 
concentration greater than 63.6 IJg/-L or a zinc concentration greater than 117 
IJg/L, the Discharger shall perform the following task: 

a. Review and modify the SWPPP as necessary to reduce the concentrations of 
copper and zinc; 

b. After modifying the SWPPP, sample and analyze the next two storm water 
runoff events; 

c. Document the review and the modifications to the SWPPP, and document the 
sampling analysis. 

9. Provisions D.1 and D.2 contained in Order No. R9-2002-0169 for NBSD required 
the Discharger to do the following: 

The Discharger shall reduce or prevent pollutants associated with industrial 
activity in storm water discharges and authorized non-storm water discharges 
through implementation of best available technology economically achievable 
(BAT) for toxic and non-conventional pollutants, and best conventional pollutant 
control technology (BCT) for conventional pollutants. 

The Discharger shall develop and implement a SWPPP that complies with the 
requirements in Attachment D, Section A of Order No. R9-2002-0169 and that 
includes BMPs that achieve BAT and BCT. 

10. Section E of Order No. R9-2002-0169 for NBSD established special conditions 
for utility vault and manhole dewatering discharges. The special conditions 
included reducing or preventing pollutants associated with these discharges 
through the implementation of BAT and BCT; development and implementation 
of a Pollution Prevention Plan (PLAN) with all of the required elements that 
includes BMPs that achieve BAT and BCT; and actions to be taken as a result of 
an exceedance of Receiving Water Limitations by a utility vault or manhole 
dewatering discharge. 

11. Discharge effluent limitations and specifications for saltwater supply system 
water, USN Graving Dock flood dewatering, and industrial storm water were 
contained Order No. R9-2003-0265 for the USN Graving Dock. Effluent 
limitations contained in Order No. R9-2003-0265 are summarized below. 
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a. Effluent limitations for saltwater supply system water, graving dock deflooding 
dewatering, and graving dock caisson gate ballast dewatering water included: 

Table F-4. Historic Numeric Effluent Limitations 
f G D k d" h or ravmg oc ISC arges 

Effluent Limitations 
Parameter Units Monthly Weekly Instantaneous 

Average Average Maximum 
Oil and Grease mg/L 25 40 75 
Settleable Solids mi/L 1.0 1.5 3.0 
Turbidity NTU 75 100 225 
pH pH units Within limits of 6.0- 9.0 at all times. 

Temperature OF Not more than 20°F greater than natural 
temperature of receiving waters. 

b. The following acute and chronic toxicity effluent limitations apply to the 
discharges of saltwater supply system and caisson gate ballast water in Order 
No. R9-2003-0265 for the USN Graving Dock: 

1. Acute toxicity: Undiluted discharges to the San Diego Bay shall not 
produce less than 90% survival, 50% of the time, and not less than 70% 
survival, 10% of the time, except where the percent survival in San Diego 
Bay Water at the intake location is less than these levels. Where the 
percent survival in San Diego Bay water at the intake location is less than 
these levels, the percent survival in undiluted discharges to San Diego 
Bay which consist of water taken from San Diego Bay shall not be less 
than the percent survival in San Diego Bay water at the intake location. In 
the absence of test results demonstrating otherwise, it will be assumed 
that the percent survival in San Diego Bay water at the intake location is 
not less than these levels. 

11. Chronic toxicity: Undiluted discharges to San Diego Bay which consist of 
water taken from San Diego Bay shall not exceed 1 TUc, except where 
the chronic toxicity of San Diego Bay water at the intake location exceeds 
1 TUc. Where the chronic toxicity of San Diego Bay water at the intake 
location exceeds 1 TUc, the chronic toxicity of undiluted discharges to San 
Diego Bay which consists of water taken from San Diego Bay shall not 
exceed the chronic toxicity of San Diego Bay water at the intake location. 
In the absence of test results demonstrating otherwise, it will be assumed 
that the chronic toxicity in San Diego Bay water at the intake location does 
not exceed 1 TUc. 

c. A summary of the available monthly monitoring data for regulated parameters 
under Order No. R9-2003-0265 for the USN Graving Dock for saltwater 
supply system water and caisson ballast water are summarized below: 
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T bl F 5 a e - o· h ISC ar ~e D t S a a ummary 
Highest Reported Value 

Parameters Units Saltwater Supply Caisson Ballast Water 
System 

Oil and Grease mg/L <5 <5 

Settleable Solids milL <0.2 <0.2 

Turbidity NTU 3.8 0.6 

pH pH units 6.3-7.93 6.7-7.83 

Temperature OF 68.2 70.5 

Acute Toxicity1 %survival 98 100 

Chronic Toxicity TUc 1 1 
NA- Not Available 
1 Lowest survival percentage. However only one value was available for toxicity for each · 

discharge during the period of review 

D. Compliance Summary 

1. The 2010/2011 Annual Report for Storm Water Discharges Associated with 
Industrial Activities for Naval Base San Diego contains the following statements 
indicating copper and zinc are present in the storm water: 

Outfalls 5, 8, 9, 11, 14, 24, 27, 30, 34, 35, 46, 48, 80, 122, 218-247 (Pier No. 
4), 289-314 (Pier No.7), 343 (Pier No. 10), and 415-438 (Pier No. 13) 
exceeded copper and/or zinc benchmarks. 

2. The 2009/2010 Annual Report for Storm Water Discharges Associated with 
Industrial Activities for Naval Base San Diego contains the following statements 
indicating toxicity, copper, and zinc are present in the storm water: 

Toxicity samples were collected from the 21 industrial outfalls during the 
December 7, 2009 storm event and were analyzed as required by 
EPA/821/R-02/012. Considering only samples that were statistically different 
from controls, of the 21 first-flush outfall samples tested for toxicity, only six 
samples, or 29 percent, had survivals of less than 90 percent. Therefore, the 
NBSD NPDES permit primary toxicity requirement was considered to have 
been met: However, four samples, or 19 percent had survivals less than 70 
percent. Therefore, the NBSD NPDES permit secondary toxicity requirement 
was considered to have not been met. 

Outfalls 5, 8, 9, 11, 14,22,24,27,30,34,35,39,45,46,48,80, 80A, 122, 167-171 
(pier No.1), 172-195 (pier No.2), and 415-438 (pier No. 13) exceeded copper 
and/or zinc benchmarks. 

3. The Discharger has reported the following non-compliance events at Naval Base 
San Diego Complex to the San Diego Water Board: 
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a. On June 7, 2011, a mixture of water and activated alumina desiccant (97% 
aluminum oxide) were spilled onto the pier. Spill containment measures were 
implemented so an estimated 1-2 gallons of mixture reached San Diego Bay. 

b. On March 7 and 8, 2011, paint dusU chips were discharged to San Diego 
Bay. 

c. On March 20 and 21, 2011, at the Defense Reutilization Marketing 
Organization (DRMO) Scrap Yard Compound, NBSD Environmental 
Personnel noticed that the storm water containment basin was leaking. The 
berm on northwest side of the high risk area was leaking and discharging 
storm water out of the bermed area to Outfall 122. 

d. On September 30, 2010, first flush storm water from the Wharf Builder site, 
an Industrial High Risk Area, was not diverted and was discharged to San 
Diego Bay. 

e. On March 29, 2010, approximately 0900, about 1 cup of oil and water mixture 
in the compressed air hose was discharged to San Diego Bay at Pier 8 when 
a pump was turned on. (ECM) 

4. On April 26, 2010, the Facility was inspected by a US EPA contractor to 
determine compliance with Order No. R9-2002-0169 for NBSD Complex. Major 
findings reported from that inspection include: 

San Diego Water Board Order No. R9-2002-0169, Discharge Specification 
B.4.a specifies that a toxicity test of "undiluted storm water runoff associated 
with industrial activity shall not produce less than 90% survival, 50% of the 
time, and not less than 70% survival, 10% ofthe time [emphasis added]." 
Toxicity samples were collected from 41 industrial discharge outfalls during 
the November 4, 2008 qualifying storm event. Survival not less than 90% 
was not met in 26 of the 41 samples, or 63% of the time, and survival of at 
least 70% was not met in 18 of the 41 samples, or 44% of the time (refer to 
Exhibit 4). The Discharger reported this issue in its 2008/2009 Annual 
Report, Section 2.0, Storm Water Sampling and Analysis Evaluation. This 
Major Finding was also identified during the previous inspection conducted on 
May 4, 2009. 

5. The April 26, 2010, inspection report also included the following information 
about copper and zinc benchmark exceedances: 

San Diego Water Board Order No. R9-2002-0169, Discharge Specification 
B.2 states "Whenever the analyses of an industrial storm water discharge 
from any industrial activity contains a copper concentration greater than 63.6 
IJg/L or a zinc concentration greater than 117 jJg/L, the Discharger must 
comply with Discharge Specification B.2, which contains specifications to 
modify the SWPPP and sample the industrial storm water discharge for two 
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additional storm events." A number of samples exceeded the benchmark 
action levels specified in the Order. Specifically, Outfalls 5, 8, 9, 11, 14, 22, 
24, 27, 30, 34, 35, 39, 45, 46, 48, 80, BOA, 122, 167-171 (Pier No.1), 172-
195 (Pier No. 2), and 415-438 (Pier No. 13) exceeded copper and/or zinc 
benchmarks. The Discharger reported these results in its 2008/2009 Annual 
Report, Section 2.0, Storm Water Sampling and Analysis Evaluation. In 
addition, the Discharger had prepared an Evaluation and Minimization Plan 
for Copper and Zinc to evaluate major sources of copper and zinc and 
consider alternatives to minimize receiving water impacts. The inspector 
conducted spot checks of SWPPP modifications and it appeared that the 
Discharger completed the follow-up actions required by Discharge 
Specification B.2. 

E. Planned Changes - Not Applicable 

Ill. APPLICABLE PLANS, POLICIES, AND REGULATIONS 

The requirements contained in this Order are based on the requirements and authorities 
described in this section. 

A. Legal Authorities 

This Order is issued pursuant to section 402 of the federal CWA and implementing 
regulations adopted by the US EPA and chapter 5.5, division 7 of the California 
Water Code (commencing with section 13370). This Order shall serve as a NPDES 
permit for point source discharges from this Facility to surface waters. This Order 
also serves as WDRs pursuant to article 4, chapter 4, division 7 of the Water Code 
(commencing with section 13260). 

B. California Environmental Quality Act (CEQA) 

Under Water Code section 13389, this action to adopt a NPDES permit is exempt 
from the provisions of CEQA, Public Resources Code sections 21100 through 
21177. 

C. State and Federal Regulations, Policies, and Plans 

1. Water Quality Control Plans. The San Diego Water Board adopted a Water 
Quality Control Plan for the San Diego Basin (hereinafter Basin Plan) on 
September 8, 1994. The Basin Plan was subsequently approved by the State 
Water Resources Control Board (State Water Board) on December 13, 1994. 
Subsequent revisions to the Basin Plan have also been adopted by the San 
Diego Water Board and approved by the State Water Board. The Basin Plan 
designates beneficial uses, establishes water quality objectives, and contains 
implementation programs and policies to achieve those objectives for all waters 
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addressed through the plan. In addition, the Basin Plan implements State Water 
Board Resolution No. 88-63, which established State policy that all waters, with 
certain exceptions, should be considered suitable or potentially suitable for 
municipal or domestic supply. Requirements of this Order implement the Basin 
Plan. Beneficial uses applicable to the San Diego Bay are as follows: 

Table F-6 Basin Plan Beneficial Uses 

Discharge Point Receiving Beneficial Use(s) 
Water Name 

Existing: 
Industrial service supply (IND); navigation (NAV); contact 

SC-001 through SC-175, BC- water recreation (REC 1); non-contact water recreation 
001, UV-001 through UV-006, (REC2); commercial and sport fishing (COMM); 
UV-008 through UV-011; NBSD- San Diego preservation of biological habitats of special significance 
001 through NBSD-266, and Bay (BIOL); estuarine habitat (EST); wildlife habitat (WILD); 
NGD-001; NGD-002; NGD-003; preservation of rare, threatened or endangered species 
NGD-004; NGD-005 (RARE); marine habitat (MAR); migration of aquatic 

organisms (MIGR); spawning, reproduction, and/or early 
development (SPWN); shellfish harvesting (SHELL) 

Existing: 

Storm Water Discharges, as 
Non-contact water recreation (REC2); warm freshwater 

identified in Attachment K to this Chollas Creek 
habitat (WARM); wildlife habitat (WILD) 

Order. 
Potential: 
Contact water recreation (REC1) 
Existing: 

Storm Water Discharges, as 
Paleta Creek Non-contact water recreation (REC2); warm freshwater 

identified in Attachment K to this 
(Seventh habitat (WARM); wildlife habitat (WILD) 

Order. 
Street 

Channel) Potential: 
Contact water recreation (REC1) 

Existing: 
Municipal and domestic supply (MUN); agricultural 

Storm Water Discharges, as San Diego (AGR); industrial service supply (IND); industrial process 
identified in Attachment K to this 

River supply (PROC); Contact Water Recreation (REC1 ); Non-
Order. contact water recreation (REC2); warm freshwater 

habitat (WARM); cold freshwater habitat (COLD); wildlife 
habitat (WILD) 

Existing: 

Storm Water Discharges, as Lindberg 
Non-contact water recreation (REC2); warm freshwater 

identified in Attachment K to this Hydrologic 
habitat (WARM); wildlife habitat (WILD) 

Order. Subarea 
Potential: 
Contact water recreation (REC 1) 

Requirements of this Order implement the Basin Plan. 
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The State Water Board adopted a Water Quality Control Plan for Control of 
Temperature in the Coastal and Interstate Water and Enclosed Bays and 
Estuaries of California (Thermal Plan) on May 18, 1972, and amended this plan 
on September 18, 1975. 

The Thermal Plan defines elevated temperature waste as "liquid, solid, or 
gaseous material including thermal waste discharged at a temperature higher 
than the natural temperature of receiving water." The Thermal Plan also defines 
a new discharge as "any discharge (a) which is not presently taking place unless 
waste discharge requirements have been established and construction as 
defined in Paragraph 10 has commenced prior to adoption of this plan or (b) 
which is presently taking place and for which a material change is proposed but 
no construction as defined in Paragraph 10 has commenced prior to adoption of 
this plan." Because the discharges of steam condensate with temperatures in 
excess of 1 oooc meet the criteria of an elevated temperature waste, and 
because these discharges commenced prior to adoption of the Thermal Plan, 
discharges of steam condensate are considered existing discharges of elevated 
temperature waste for the purposes of this Order. 

The State Water Board adopted the Water Quality Control Plan for Enclosed 
Bays and Estuaries- Part 1 Sediment Quality (Sediment Quality Plan) on 
September 16, 2008. The Sediment Quality Plan became effective on August 
25, 2009. The Sediment Quality Plan establishes sediment quality objectives, 
identifies beneficial uses, and integrates chemical and biological measures to 
determine if the sediment dependent biota are protected or degraded as a result 
of exposure to toxic pollutants. Beneficial uses for sediment include: Estuarine 
Habitat, Marine Habitat, Commercial and Sport Fishing, Aquaculture, and 
Shellfish Harvesting. Requirements of this Order implement the Sediment 
Quality Plan. 

2. National Toxics Rule (NTR) and California Toxics Rule (CTR). USEPA 
adopted the NTR on December 22, 1992, and later amended it on May 4, 1995 
and November 9, 1999. About 40 criteria in the NTR applied in California. On 
May 18, 2000, USEPA adopted the CTR. The CTR promulgated new taxies 
criteria for California and, in addition, incorporated the previously adopted NTR 
criteria that were applicable in the state. The CTR was amended on February 
13, 2001. These rules contain water quality criteria for priority pollutants which 
are discharged to inland surface waters, bays, and estuaries. 
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State Implementation Policy. On March 2, 2000, the State Water Board 
adopted the Policy for Implementation of Taxies Standards for Inland Swface 
Waters, Enclosed Bays, and Estuaries of California (State Implementation Policy 
or SIP). The SIP became effective on April 28, 2000 with respect to the priority 
pollutant criteria promulgated for California by the USEPA through the NTR and 
to the priority pollutant objectives established by the San Diego Water Board in 
the Basin Plan. The SIP became effective on May 18, 2000 with respect to the 
priority pollutant criteria promulgated by the USEPA through the CTR. The State 
Water Board adopted amendments to the SIP on February 24, 2005 that became 
effective on July 13, 2005. The SIP establishes implementation provisions for 
priority pollutant criteria and objectives and provisions for chronic toxicity control. 
Requirements of this Order implement the SIP. 

3. Alaska Rule. On March 30, 2000, USEPA revised its regulation that specifies 
when new and revised state and tribal water quality standards (WQS) become 
effective for CWA purposes (40 CFR § 131.21, 65 Fed. Reg. 24641 (April 27, 
2000)). Under the revised regulation (also known as the Alaska rule), new and 
revised standards submitted to USEPA after May 30, 2000, must be approved by 
USEPA before being used for CWA purposes. The final rule also provides that 
standards already in effect and submitted to USEPA by May 30, 2000, may be 
used for CWA purposes, whether or not approved by USEPA. 

4. Antidegradation Policy. 40 CFR 131.12 requires that the state water quality 
standards include an antidegradation policy consistent with the federal policy. 
The State Water Board established California's antidegradation policy in State 
Water Board Resolution No. 68-16. Resolution No. 68-16 incorporates the 
federal antidegradation policy where the federal policy applies under federal law. 
Resolution No. 68-16 requires that existing water quality be maintained unless 
degradation is justified based on specific findings. The San Diego Water Board's 
Basin Plan implements, and incorporates by reference, both the State and 
federal antidegradation policies. The permitted discharge must be consistent 
with the antidegradation provision of 40 CFR 131.12 and State Water Board 
Resolution No. 68-16. 

5. Anti-Backsliding Requirements. Sections 402(o)(2) and 303(d)(4) of the CWA 
and federal regulations at title 40, Code of Federal Regulations 1 section 122.44(1) 
prohibit backsliding in NPDES permits. These anti-backsliding provisions require 
that effluent limitations in a reissued permit must be as stringent as those in the 
previous permit, with some exceptions in which limitations may be relaxed. All 
effluent limitations in this Order are at least as stringent as the effluent limitations 
and conditions of the previous orders. 

1 All further statutory references are to title 40 of the Code of Federal Regulations unless otherwise indicated. 
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6. Atomic Energy Act. Pursuant to the Atomic Energy Act, the San Diego Water 
Board does not have jurisdictional authority to regulate the discharge of 
radioactive wastes from U.S. naval nuclear propulsion plants and their support 
facilities. The Fact Sheets for Order No. R9-2002-0002 for NBPL and Order No. 
R9-2003-0008 for NBC included an attached memorandum dated July 22, 2002 
which was written for the Fact Sheet for Order No. R9-2002-0002. The 
memorandum specifies that radioactive discharges are not subject to regulation 
by the San Diego Water Board and that the United States Department of the 
Navy and the Department of Energy have jurisdiction for discharges of 
radioactive material. The memorandum also specified that radioactivity 
monitoring was not to be included in the Order. The San Diego Water Board 
finds that the memorandum is applicable to the Facility. Consistent with the 
memorandum, this Order does not regulate the discharge of radioactive wastes 
and does not include monitoring for radioactivity. 

7. Uniform National Discharge Standards (UNDS). In 1996 Congress passed 
legislation amending Section 312 of the Clean Water Act to provide the 
Department Of Defense and the USEPA authority to jointly establish UNDS for 
incidental discharges from vessels of the Armed Forces in State waters and the 
contiguous zone. This comprehensive, three-phase, regulatory program applies 
to vessels of the Armed Forces including, but not limited to, the Navy, Military 
Sealift Command, Marine Corps, Army, Air Force, and Coast Guard. UNDS is 
designed to enhance environmental protection of coastal waters by creating 
protective standards for previously unregulated discharges, encourage 
environmentally sound management practices on current vessels, help establish 
standardized training for crews to perform missions, and help determine the way 
future ships will be built. The Phase I final rule and preamble language, including 
a summary of the Phase I process and findings (64 FR 25126; 40 CFR Part 
1700), was published in the Federal Register on May 10, 1999. Phase I of 
UNDS determines the types of vessel discharges that require control by a Marine 
Pollution Control Device (MPCD) and those that do not require control, based on 
consideration of the anticipated environmental effects of the discharge and other 
factors listed in the Clean Water Act. In Phase I, the Environmental Protection 
Agency (EPA) and The Department of Defense (DoD) identify 25 discharges to 
be controlled by MPCDs. Phase II of UNDS development focuses on 
promulgating MPCD performance standards for those vessel discharges 
identified during Phase I as requiring an MPCD. In this Phase, DoD and EPA are 
establishing discharge performance standards for different classes, types, and 
sizes of vessels. These standards are specific to existing vessels as well as 
future (new design) vessels and will be promulgated in batches for efficiency 
purposes. Phase Ill of UNDS development will focus on establishing 
requirements for the design, construction, installation, and use of MPCDs. The 
requirements of this Order do not apply to vessel discharges identified in the 
Uniform National Discharge Standards. 
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8. Vessel General Permit. USEPA signed the 2013 Vessel General Permit (VGP) 
on March 28, 2013. The VGP will become effective on December 19, 2013 and 
regulates discharges incidental to the normal operation of vessels operating in a 
capacity as a means of transportation. Vessels in a dry dock are not operating in 
a capacity as a means of transportation and are not covered by the VGP. 
Floating drydocks have been determined to be operating as a means of 
transportation when it is docking or undocking a vessel inclusive of the transition 
from that operation. Discharges from vessels at the Facility which are not 
operating as a means of transportation are regulated by this Order. 

D. Impaired Water Bodies on CWA 303(d) List 

Under section 303(d) of the 1972 Clean Water Act, states, territories and authorized 
tribes are required to develop lists ·of water quality limited segments. The waters on 
these lists do not meet water quality standards, even after point sources of pollution 
have installed the minimum required levels of pollution control technology. On 
November 12, 2010 USEPA gave final approval to California's 2010 section 303(d) 
List of Water Quality Limited Segments. The San Diego Bay, as a whole, is listed as 
impaired for polychlorinated biphenyls (PCBs). Portions of the San Diego Bay 
including the 32nd Street San Diego Naval Station; San Diego Bay Shoreline, near 
Chollas Creek; San Diego Bay Shoreline, North of 241h Street Marine Terminal; and 
San Diego Bay Shoreline, ih Street Channel are adjacent to NBSD. These portions 
of the San Diego Bay are listed in the 303(d) list as impaired for benthic community 
effects and sediment toxicity. In addition, portions of the San Diego Bay including 
the San Diego Bay Shoreline, Vicinity of B Street and Broadway Piers and the San 
Diego Bay, G Street Pier are adjacent to the Broadway Complex. The San Diego 
Bay Shoreline, Vicinity of B Street and Broadway Piers is listed in the 303(d) list as 
impaired for benthic community effects, sediment toxicity, and total coliform. The 
San Diego Bay Shoreline, G Street Pier is listed in the 303(d) list as impaired for 
total coliform. The impairments for NBSD Complex are summarized in the table· 
below. 

T bl F 7 S o· B 303(d) I t f NBSD a e - . an 1ego ay mpa1rmen s or 
Waterbody Location Constituent Facility 
San Diego Bay Whole bay Polychlorinated biphenyls NBSD and 

(PCBs) Broadway Complex 
San Diego Bay 32na Street San Benthic community effects NBSD 

Diego Naval and sediment toxicity 
Station 

San Diego Bay San Diego Bay Benthic community effects NBSD 
Shoreline, near and sediment toxicity 
Chollas Creek 

San Diego Bay San Diego Bay Benthic community effects NBSD 
Shoreline, North and sediment toxicity 
of 24th Street 
Marine Terminal 
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Waterbody Location Constituent Facility 
San Diego Bay San Diego Bay Benthic community effects NBSD 

Shoreline, ih and sediment toxicity 
Street Channel 

---·-

San Diego Bay San Diego Bay Benthic community effects, Broadway Complex 
Shoreline, Vicinity sediment toxicity, and total 
of B Street and coliform 
Broadway Piers 

San Diego Bay San Diego Bay, G Total coliform Broadway Complex 
Street Pier 

Chollas Creek From San Diego Copper, lead, zinc, NBSD 
Bay to 4 miles diazinon, indicator bacteria, 
inland phosphorus, nitrogen, and 

trash 

Storm water is discharged to Chollas Creek from NBSD. Chollas Creek is listed in 
the 303(d) list as impaired for copper, diazinon, indicator bacteria, lead, phosphorus, 
total nitrogen, trash, and zinc. On August 14, 2002 the San Diego Water Board 
adopted the Chollas Creek Diazinon TMDL (Resolution No. R9-2002-0123). The 
State Water Board subsequently approved the TMDL on July 16, 2003, and the 
Office of Administrative Law (OAL) and USEPA approved the TMDL on September 
11, 2003, and November 3, 2003 respectively. The Chollas Creek Diazinon TMDL 
identifies specific MS4s within the Chollas Creek watershed as significant 
contributors. The significant contributors specified do not include NBSD; USEPA 
has banned diazinon; and monitoring of Chollas Creek has shown dramatic 
decreases in diazinon concentrations. This Order establishes no requirements for 
diazinon because Chollas Creek has achieved the numeric target for diazinon. 

The San Diego Water Board adopted the Chollas Creek Metals TMDLs on June 13, 
2007 (Resolution No. 2008-0043). The TMDL was subsequently approved by the 
State Water Board on July 15, 2008. The OAL and USEPA approved the TMDL on 
October 22, 2008 and December 18, 2008 respectively. The Chollas Creek Metals 
TMDL identifies NBSD as a point source contributor of water quality criteria 
exceedances for copper, lead, and zinc. This Order establishes Stormwater Action 
Levels (SALs) for copper, lead, and zinc, consistent with the requirements of the 
Chollas Creek Metals TMDLs. 
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E. Other Plans, Polices and Regulations 

1. Bays and Estuaries Policy. The State Water Board adopted a Water Quality 
Control Policy for Enclosed Bays and Estuaries of California (Bays and Estuaries 
Policy) on May 16, 197 4 (last amended in 1995). The Bays and Estuaries Policy 
establishes principles for management of water quality, quality requirements for 
waste discharges, discharge prohibitions, and general provisions to prevent 
water quality degradation and to protect the beneficial uses of waters of enclosed 
bays and estuaries. These principles, requirements, prohibitions and provisions 
have been incorporated into this Order. 

a. The Bays and Estuaries Policy contains the following principle for 
management of water quality in enclosed bays and estuaries, which includes 
the San Diego Bay: 

1. The discharge of municipal wastewaters and industrial process waters 
(exclusive of cooling water discharges) to enclosed bays and estuaries 
shall be phased out at the earliest practicable date. Exceptions to this 
provision may be granted by a San Diego Water Board only when the San 
Diego Water Board finds that the wastewater in question would 
consistently be treated and discharged in such a manner that it would 
enhance the quality of receiving waters above that which would occur in 
the absence of the discharge. For the purpose of this policy, ballast 
waters, deflooding waters, and innocuous non-municipal wastewaters 
such as clear brines, wash water, and pool drains are not necessarily 
considered industrial process wastes, and may be allowed by San Diego 
Water Boards under discharge requirements that provide protection to the 
beneficial uses of the receiving water. 

ii. The Bays and Estuaries Policy also prohibits the discharge or by-passing 
of untreated wastes. This Order prohibits the discharge and by-passing of 
untreated waste except for steam condensate; pier boom, fender, and 
mooring cleaning; utility vault and manhole dewatering; graving dock 
deflooding water; salt water rinse water; graving dock caisson ballast 
dewatering; and emergency fire suppression water and salt water supply 
water. For the purpose of the Bays and Estuaries Policy and the Order, 
the discharges of steam condensate; pier boom, fender, and mooring 
cleaning; utility vault and manhole dewatering; graving dock deflooding 
water; salt water rinse water; graving dock caisson ballast dewatering; and 
emergency fire suppression water and salt water supply water will be 
considered innocuous non-municipal wastewaters and, as such, will not 
be considered industrial process wastes. 
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b. The following Principles for the Management of Water Quality in Enclosed 
Bays and Estuaries, as stated in the Bays and Estuaries Policy, apply to all of 
California's enclosed bays and estuaries including San Diego Bay: 

i. Persistent or cumulative toxic substances shall be removed from the 
waste to the maximum extent practicable through source control or 
adequate treatment prior to discharge. 

ii. Bay or estuarine outfall and diffuser systems shall be designed to achieve 
the most rapid initial dilution practicable to minimize concentrations of 
substances not removed by source control or treatment. 

iii. Wastes shall not be discharged into or adjacent to areas where the 
protection of beneficial uses requires spatial separation from waste fields. 

iv. Waste discharges shall not cause a blockage of zones of passage 
required for the migration of anadromous fish. 

v. Non-point sources of pollutants shall be controlled to the maximum 
practicable extent. 

This San Diego Water Board has considered the Principle for the 
Management of Water Quality in Enclosed Bays in Estuaries, in adopting this 
Order. The terms and conditions of this Order are consistent with the 
Principles for the Management of Water Quality in Enclosed Bays and 
Estuaries. 

IV. RATIONALE FOR EFFLUENT LIMITATIONS AND DISCHARGE SPECIFICATIONS 

The CWA requires point source dischargers to control the amount of conventional, non
conventional, and toxic pollutants that are discharged into the waters of the United 
States. The control of pollutants discharged is established through effluent limitations 
and other requirements in NPDES permits. There are two principal bases for effluent 
limitations in the Code of Federal Regulations (CFR): 40 CFR section 122.44(a) 
requires that permits include applicable technology-based limitations and standards; 
and 40 CFR section 122.44(d) requires that permits include water quality-based effluent 
limitations (WQBEL) to attain and maintain applicable numeric and narrative water 
quality criteria to protect the beneficial uses of the receiving water. 
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A. Discharge Prohibitions 

1. Discharge Prohibition III.A. Ship repair and maintenance activities may result in 
the discharge of pollutants and wastes to waters of the United States. Discharge 
Prohibition liLA prohibits the discharge of wastes from ship repair and 
maintenance activities. This prohibition is based on the requirements of the 
Enclosed Bays and Estuaries Policy and is retained from Order No. R9-2002-
0169 and Order No. R9-2003-0265. 

2. Discharge Prohibitions III.B, III.C, and 111.0. The Basin Plan prohibitions are 
incorporated by reference in the Order. Discharge Prohibitions III.B, III.C, and 
I II.D. are retained from Order No. R9-2002-0169 and require the Discharger to 
comply with the Basin Plan prohibitions. 

3. Discharge Prohibition lli.E. Waste discharges from ship repair and 
maintenance activities on ships, piers, and shore side facilities can cause high 
concentrations of copper, zinc, other metals, and oil and grease in industrial 
storm water runoff. High concentrations of these pollutants in the industrial storm 
water runoff can be toxic to aquatic organisms. Discharge Prohibition II I.E is 
based on the toxicity requirements contained in the Basin Plan and prohibits the 
discharge of the first~ inch (first flush) of storm water runoff from Industrial High 
Risk Areas unless the discharge can be demonstrated to meet the limits of this 
Order. 

4. Discharge Prohibition lli.F. This Prohibition is based on the requirements of 
the Bays and Estuaries Policy and is consistent with prohibitions established for 
similar facilities. 

5. Discharge Prohibition lli.G. This Order prohibits the discharge of hazardous 
substances equal to or in excess of reportable quantities listed in 40 CFR Part 
117 and/or CFR Part 302. 

B. Technology-Based Effluent Limitations 

1. Scope and Authority 

Section 301 (b) of the CWA and implementing USEPA's NPDES permit 
regulations at section 122.44, title 40 of the Code of Federal Regulations, require 
that permits include conditions meeting applicable technology-based 
requirements at a minimum, and any more stringent effluent limitations 
necessary to meet applicable water quality standards. The discharges 
authorized by this Order must meet minimum federal technology-based 
requirements based on Best Professional Judgment (BPJ) in accordance with 40 
CFR section 125.3. 
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The CWA requires that technology-based effluent limitations (TBELs) be 
established based on several levels of controls: 

a. Best practicable treatment control technology (BPT) represents the average 
of the best performance by plants within an industrial category or 
subcategory. BPT standards apply to toxic, conventional, and non
conventional pollutants. 

b. Best available technology economically achievable (BAT) represents the best 
existing performance of treatment technologies that are economically 
achievable within an industrial point source category. BAT standards apply to 
toxic and non-conventional pollutants. 

c. Best conventional pollutant control technology (BCT) represents the control 
from existing industrial point sources of conventional pollutants including 
BOD, TSS, fecal coliform, pH, and oil and grease. The BCT standard is 
established after considering the "cost reasonableness" of the relationship 
between the cost of attaining a reduction in effluent discharge and the 
benefits that would result, and also the cost effectiveness of additional 
industrial treatment beyond BPT. 

d. New source performance standards (NSPS) represent the best available 
demonstrated control technology standards. The intent of NSPS guidelines is 
to set limitations that represent state-of-the-art treatment technology for new 
sources. 

The CWA requires USEPA to develop effluent limitations, guidelines and 
standards (ELGs) representing application of BPT, BAT, BCT, and NSPS. 
Section 402(a)(1) of the CWA and 40 CFR 125.3 authorize the use of BPJ to 
derive TBELs on a case-by-case basis where ELGs are not available for certain 
industrial categories and/or pollutants of concern. Where BPJ is used, the permit 
writer must consider specific factors outlined in 40 CFR 125.3. 

2. Applicable Technology-Based Effluent Limitations (TBELs) 

a. The State Water Board adopted a revised Water Quality Control Plan for 
Ocean Waters of California (Ocean Plan) on September 15, 2009, which 
became effective on March 10, 2010. Although the Ocean Plan is not directly 
applicable to enclosed bays, such as San Diego Bay, the salinity and 
beneficial uses of San Diego Bay are similar to those of the ocean waters of 
the State. Therefore, in order to protect the beneficial uses of San Diego Bay, 
the Ocean Plan can be used as a reference for developing discharge 
specifications, receiving water prohibitions, and narrative limitations and to 
supplement the provisions contained in the CTR, the SIP, and the Bays and 
Estuaries Policy. 
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Table A of the Ocean Plan establishes TBELs for industrial discharges for 
which ELGs have not been established pursuant to sections 301, 302, 304, or 
306 of the federal CWA. Because of the similar salinity and beneficial uses 
and because there are no ELGs for shipyards, the San Diego Water Board 
finds that the TBELs in Table A of the Ocean Plan are applicable to industrial 
process discharges to San Diego Bay. These TBELs have been established 
in NPDES permits for boatyards and shipyards discharging to San Diego Bay. 
These effluent limitations were previously established in Order No. R9-2003-
0265 for the USN Graving Dock. · 

Numeric effluent limitations based on Table A of the Ocean Plan are being 
established in this Order for discharges of steam condensate, and USN 
Graving Dock discharges from Discharge Point Nos. SC-001 through SC-175, 
and NGD-001 through NGD-004. 

The effluent limitation established in Table A of the Ocean Plan for 
suspended solids states, "Dischargers shall, as a 30-day average, remove 75 
percent of suspended solids from the influent stream before discharging 
wastewaters to the ocean, except that the effluent limitation to be met shall 
not be lower than 60 mg!L. " 

Because the industrial discharges from the Facility do not receive treatment 
prior to discharge, an effluent limitation of 60 mg/L for total suspended solids 
has been established. 

The applicable TBELs are summarized below: 

Table F-8. Numeric Technology-based Effluent Limitations for Discharge Point 
N SC 001 h h SC 175 d NGD 001 th h NGD 004 OS. - t roug - , an - roug -

Effluent Limitations 
Parameter Units 

Average Monthly Weekly Average 
Instantaneous 

Maximum 
Oil and Grease mg/L 25 40 75 
Suspended Solids mg/L 60 -- --
Settleable Solids mi/L 1.0 1.5 3.0 
Turbidity NTU 75 100 225 
pH standard units -- --

W1th1n l1m1ts of 6.0- 9.0 at all t1mes. 

Attachment F - Fact Sheet F-46 



UNITED STATES DEPARTMENT OF THE NAVY 
NAVAL BASE SAN DIEGO COMPLEX 

ORDER NO. R9-2013-0064 
NPDES NO. CA01 09169 

b. Utility Vaults. The State Water Board found in Section V.B.2 of the Fact 
Sheet to Order No. 2006-0008-DWQ that it is not feasible to establish 
numeric effluent limitations for pollutants in discharges from utility vaults and 
underground structures. Instead, the State Water Board included a provision 
in Order No. 2006-0008-DWQ requiring implementation of pollution 
prevention practices to control and abate the discharge of pollutants to 
surface waters, achieve compliance utilizing BAT and BCT requirements, and 
achieve compliance with applicable water quality standards. Federal 
Regulations at 40 CFR 122.44(k)(3) and (4) authorize the San Diego Water 
Board to require BMPs to control or abate the discharge of pollutants when 
numeric effluent limitations are infeasible and when the practices are 
reasonably necessary to achieve effluent limitations and standards or to carry 
out the purposes and intent of the CWA. Consistent with the requirements of 
State Water Board Order No. 2006-0008-DWQ and Order No. R9-2002-0169 
for NBSD Complex, and as described in section VII.B.3.a of this Fact Sheet, 
this Order includes a provision requiring the Discharger to continue the 
implementation and maintenance of their Best Management Practices and 
Pollution Prevention Plan for Utility Vault and Manhole Dewatering 
Discharges (Utility Vault PLAN) includes BMPs to reduce the discharge of 
pollutants from utility vault and manhole dewatering. The Utility Vault PLAN 
requirements have been revised from Order No. R9-2002-0169 to reflect the 
requirements in Order No. 2006-0008-DWQ. 

c. Boom Cleaning. Due to the nature of activities associated with discharges 
from pier boom, fender, and mooring cleaning, it is impractical to collect and 
treat the associated wastewaters prior to discharge. Therefore, the San 
Diego Water Board finds that it is not feasible to establish numeric effluent 
limitations for pollutants in discharges from pier boom, fender, and mooring 
cleaning. In accordance with 40 CFR 122.44(k)(3) and (4), the San Diego 
Water Board finds that the implementation of BMPs in lieu of numeric effluent 
limitations are appropriate. This Order includes a provision requiring the 
implementation of BMPs to control and abate the discharge of pollutants from 
pier boom, fender, and mooring cleaning. 

d. Graving Dock. Order No. R9-2003-0265 required the Discharger to reduce 
or prevent the discharge of pollutants through the implementation of BAT 
[CWA §301 (b)(2)(A)] for toxic and non-conventional pollutants and BCT [CWA 
§301 (b)(2)(E)] for conventional pollutants. In accordance with 40 CFR 
122.44(k), Order No. R9-2003-0265 determined that the implementation of 
BMPs for the discharge of conventional, non-conventional, and toxic 
pollutants via industrial discharges and storm water were appropriate. Order 
No. R9-2003-0265 required the Discharger to develop and implement a BMP 
plan for pollutants and wastes associated with ship construction, modification, 
repair, and maintenance. This Order carries over the requirement for the 
Discharger to develop and implement a BMP Plan for pollutants and wastes 
from the Graving Dock. 
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e. Small (Military Base) Municipal Separate Storm Sewer System (MS4). In 
accordance with 40 CFR 122.44(k), the inclusion of BMPs in lieu of numeric 
effluent limitations is appropriate in storm water permits. The Discharger 
must implement BMPs that reduce pollutants in storm water runoff to the 
technology-based standard of Maximum Extent Practicable (MEP) to protect 
water quality. This Order requires the Discharger to develop and implement a 
Storm Water Management Plan (SWMP) that describes BMPs, measurable 
goals, and timetables for implementation in six minimum control measures. 
This approach is consistent with the requirements of the current State-wide 
Phase II MS4 Permit (State Water Board Order No. 2013-0001-DWQ). 

f. Industrial Storm Water. In accordance with 40 CFR 122.44(k), Order No. 
R9-2002-0169 for NBSD Complex determined that the implementation of 
BMPs for the discharge of industrial storm water were appropriate. To carry 
out the purpose and intent of the CWA, Order No. R9-2002-0169 for NBSD 
Complex required the Discharger to develop and implement a SWPPP, as 
authorized by CWA section 304(e) and section 402(p), for toxic pollutants and 
hazardous substances, and for the control of storm water discharges. The 
requirement to implement an appropriate SWPPP for areas associated with 
industrial activity is retained from Order No. R9-2002-0169. 

In addition to the retention of a SWPPP, this Order establishes Numeric 
Action Levels (NALs) for storm water from Industrial High Risk Areas and 
Industrial Low Risk Areas in lieu of benchmarks. 

The draft State-wide Industrial Storm Water General Permit (July 18,2012), 
contains NALs based on benchmarks in USEPA's Multi-Sector General 
Permit for Stormwater Discharges Associated with Industrial Activity (MSGP) 
which became effective May 27, 2009. Consistent with the direction of the 
State Water Board, this Order establishes NALs with a tiered compliance 
strategy. The San Diego Water Board finds that the USEPA benchmarks 
serve as an appropriate set of TBELs that demonstrate compliance with 
BAT/BCT. 

Consistent with the direction of the State Water Board in the NPDES General 
Permit for Storm Water Discharges Associated with Construction and Land 
Disturbance Activities, Order No. 2009-0009-DWQ, NPDES No. CAS000002, 
this Order requires all treatment BMPs to be designed for no less than a 5-
year, 24-hour storm event. Because pollutants contained within storm water 
may negatively impact the receiving water if not properly controlled, and NALs 
are technology-based and not necessarily protective of water quality, 
corrective actions for Receiving Water Limitations violations have also been 
included within the Order. 
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g. Non-storm water Discharges. Non-storm water discharges include a wide 
variety of sources and may contribute significant pollutant loads to receiving 
waters. Measures to control spills, leakage, and dumping, and to prevent 
illicit connections must be addressed through structural as well as non
structural BMPs. The San Diego Water Board recognizes, however, that 
certain non-storm water discharges may be necessary for general operation. 
Therefore, this Order authorizes such discharges provided they meet certain 
conditions that will minimize the discharge of pollutants to the receiving 
waters. 

h. Graving Dock Pre-flood Cleaning. In addition to numeric TBELs for 
discharge NGD-001 and 002, the Discharger is required to implement BMPs 
to ensure that no wastes are discharged during the flooding and de-flooding 
of the graving dock in accordance with 40 CFR 122.44(k)(4). 

i. Weight Test Water. Due to the nature of activities associated with 
discharges from weight test water, it is impractical to collect and treat the 
associated wastewaters prior to discharge. The weight test bags are filled 
utilizing the ship's salt water system which is regulated under the UNDS 
program. The bags are thoroughly cleaned after every use so no 
contaminants are added and the only discharge is the same water as the 
ship's salt water system which is regulated by the UNDS program. Therefore, 
the San Diego Water Board finds that it is not feasible to establish numeric 
effluent limitations for pollutants in discharges from weight test water. In 
accordance with 40 CFR 122.44(k)(3) and (4), the San Diego Water Board 
finds that the implementation of BMPs in lieu of numeric effluent limitations 
are appropriate. This Order includes a provision requiring the implementation 
of BMPs to control and abate the discharge of pollutants from weight test 
water. 

C. Water Quality-Based Effluent Limitations (WQBELs) 

1. Scope and Authority 

Section 301(b) of the CWA and 40 CFR 122.44(d) require that permits include 
limitations more stringent than applicable federal technology-based requirements 
where necessary to achieve applicable water quality standards. 

40 CFR 122.44(d)(1 )(i) mandates that permits include effluent limitations for all 
pollutants that are or may be discharged at levels that have the reasonable 
potential to cause or contribute to an exceedance of a water quality standard, 
including numeric and narrative objectives within a standard. Where reasonable 
potential has been established for a pollutant, but there is no numeric criterion or 
objective for the pollutant, WQBELs must be established using: (1) USEPA 
criteria guidance under CWA section 304(a), supplemented where necessary by 
other relevant information; (2) an indicator parameter for the pollutant of concern; 
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or (3) a calculated numeric water quality criterion, such as a proposed state 
criterion or policy interpreting the state' s narrative criterion, supplemented with 
other relevant information, as provided in section 122.44(d)(1)(vi). 

The process for determining reasonable potential and calculating WQBELs when 
necessary is intended to protect the designated uses of the receiving water as 
specified in the Basin Plan, and achieve applicable water quality objectives and 
criteria that are contained in other state plans and policies, or any applicable 
water quality criteria contained in the CTR and NTR. 

2. Applicable Beneficial Uses and Water Quality Criteria and Objectives 

a. The Basin Plan designates beneficial uses, establishes water quality 
objectives, and contains implementation programs and policies to achieve 
those objectives for all waters addressed through the Basin Plan. The 
beneficial uses applicable to the San Diego Bay, Chollas Creek, Paleta 
Creek, and San Diego River contained in the Basin Plan are summarized in 
section III.C.1 of this Fact Sheet. The Basin Plan includes both narrative and 
numeric water quality objectives applicable to the receiving waters. 

The CTR promulgated taxies criteria for California and, in addition, 
incorporated the previously adopted National Taxies Rule criteria that were 
applicable in the State. Priority pollutant water quality criteria in the CTR are 
applicable to discharges to the San Diego Bay, Chollas Creek, Paleta Creek, 
and the San Diego River too. The CTR contains both saltwater and 
freshwater criteria. Because a distinct separation generally does not exist 
between freshwater and saltwater aquatic communities, the following apply: 
In accordance with section 131.38(c)(3), freshwater criteria apply to areas 
where salinities are at or below 1 part per thousand (ppt) 95 percent or more 
of the time. The San Diego Water Board determined that because the 
discharges are within a bay, saltwater CTR criteria are applicable. The CTR 
criteria for saltwater aquatic life or human health for consumption of 
organisms, whichever is more stringent, are used to prescribe the effluent 
limitations in this Order to protect the beneficial uses of the San Diego Bay, a 
water of the US in the vicinity of the discharges. 

The SIP procedures for implementation of CTR and NTR criteria are not 
applicable to storm water discharges. However, the toxicity objectives 
contained in the Basin Plan and the Bays and Estuary Policy are applicable to 
the discharge of storm water from Facility to the San Diego Bay. The 
applicable toxicity limitations are discussed in this section of the Fact Sheet. 
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The SIP procedures for implementation of CTR and NTR criteria are 
applicable to non-storm water discharges. The non-storm water discharges 
from the Facility to San Diego Bay include steam condensate; pier boom, 
fender, and mooring cleaning; utility vault and manhole dewatering; graving 
dock deflooding; caisson ballast dewatering; and saltwater supply system 
water. 

Representative monitoring of the steam condensate discharges was 
conducted at five locations and submitted in the annual reports for years 2003 
through 2009. Monitoring of the San Diego Bay in the vicinity of the 
discharges was submitted in the application. 

Representative monitoring of utility vault and manhole dewatering discharges 
was conducted at nine locations and submitted in the annual reports for years 
2003, 2004, 2005, and 2006 and in the Discharger's Case Study for Utility 
Vault and Manhole Dewatering Discharges at Naval Base Point Lama, Naval 
Base San Diego, and Naval Base Coronado. Additional monitoring results 
from 2007 through 2009 were provided by the Discharger in annual reports. 
Receiving water in the vicinity of the discharges was not conducted. 

Representative monitoring of the pier boom cleaning, fender, and mooring 
cleaning discharge was conducted and submitted in the application for a total 
of one sampling event. Monitoring of the San Diego Bay in the vicinity of the 
discharges was also submitted in the application. 

Data for the caisson ballast dewatering, the saltwater supply system water, 
and the receiving water was available from 2004 through 2009. Data for the 
graving dock deflooding water was only available for August 8, 2003. 

A Reasonable Potential Analysis (RPA) was conducted for industrial process 
wastewaters to the San Diego Bay using all the available data. The table 
below summarizes the applicable water quality criteria/objectives for priority 
pollutants reported in detectable concentrations in the effluent or receiving 
water. These criteria were used in conducting the RPAs for this Order. 

T bl F 9 A I" bl CTR/NTR W t Q rt C 't . a e - pp1ca e a er ua 1ry n ena 
CTR/NTR Water Quality Criteria 

Selected Freshwater Saltwater 
Human Health for 
Consumption of: 

Constituent Criteria 
Acute Chronic Acute Chronic Water & Organisms 

Organisms Only 

flg/L fl9/L flg/L flg/L flg/L flg/L f.!9/L 
Antimony, Toteil 

4,300 -- -- 4,300 
Recoverable Not Not 
Arsenic, Total 

36.00 
Applicable 

69.00 36.00 
Applicable 

Recoverable --
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Selected 
Constituent Criteria 

f.lg/L 
Beryllium, Total 

No Criteria 
Recoverable 

Cadmium, Total 
9.36 

Recoverable 

Chromium (Ill) No Criteria 

Chromium (VI) 50 

Copper, Total 
3.73 

Recoverable 

Cyanide, Total 
1.00 

Recoverable 

Lead, Total Recoverable 8.52 

Mercury, Total 
0.051 

Recoverable 

Nickel, Total 
8.28 Recoverable 

Silver, Total 
2.24 

Recoverable 

Selenium, Total 
71 

Recoverable 

Thallium, Total 
6.3 

Recoverable 

Zinc, Total Recoverable 85.62 

TCDD-Equivalents 1.40 X 10-8 

Bromoform 360 

Chlorodibromomethane 34 

Chloroform No Criteria 

Dich lorobromomethane 46 

Methyl Chloride No Criteria 

Methylene Chloride 1,600 

Phenol 4,600,000 

Acenaphthene 2,700 

Acenaphthylene No Criteria 

Anthracene 110,000 

Benzo (a) Anthracene 0.049 

Benzo (a) Pyrene 0.049 

Benzo (b) Fluoranthene 0.049 

Benzo (ghi) Perylene No Criteria 

Benzo (k) Fluoranthene 0.049 

Bis (2-ethylhexyl) 
5.9 

Phthalate 
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CTRINTR Water Quality Criteria 

Freshwater Saltwater Human Health for 
Consumption of: 

Acute Chronic Acute Chronic 
Water & Organisms 

Organisms Only 

f.lg/L f.lg/L f.lg/L f.lg/L f.lg/L f.lg/L 

-- -- --

42.25 9.36 --

-- -- --

1 '100 50 --

5.78 3.73 --

1.00 1.00 --

220.82 8.52 --

-- -- 0.051 

74.75 8.28 
4,600 

2.24 -- --

290 71 --

-- -- 6.3 

95.14 85.62 --
-- -- 1.40 X 10-8 

-- -- 360 

-- -- 34 

-- -- --
-- -- 46 

-- -- --

-- -- 1,600 

-- -- 4,600,000 

-- -- 2,700 

-- -- --
-- -- 110,000 
-- -- 0.049 
-- -- 0.049 

-- -- 0.049 

-- -- --
-- -- 0.049 

-- -- 5.9 
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CTR/NTR Water Quality Criteria 

Selected Freshwater Saltwater 
Human Health for 
Cons urn Jtion of: 

Constituent Criteria 
Water & Organisms 

Acute Chronic Acute Chronic Organisms Only 

f.lg/L f.lg/L f.lg/L f.lg/L f.lg/L f.lg/L f.lg/L 

Butylbenzyl Phthalate 5,200 -- -- 5,200 

Chrysene 0.049 -- -- 0.049 

Dibenzo (a,h) 
0.049 -- -- 0.049 

Anthracene 

Diethyl Phthalate 120,000 -- -- 120,000 

Dimethyl Phthalate 2,900,000 -- -- 2,900,000 

Di-n-butyl Phthalate 12,000 -- -- 12,000 

Di-n-octyl Phthalate No Criteria -- -- --

1 ,2-Diphenylhydrazine 0.54 -- -- 0.54 

Fluoranthene 370 -- -- 370 

Fluorene 14,000 -- -- 14,000 

lndeno (1 ,2,3-cd) 0.049 -- -- 0.049 
Pyrene 

Naphthalene No Criteria -- -- --

Nitrobenzene 1,900 -- -- 1,900 

Phenanthrene No Criteria -- -- --
Pyrene 11,000 -- -- 11 ,000 

1 ,2,4-Trichlorobenzene No Criteria -- -- --

b. Dilution Credits. Section 1.4.2 of the SIP establishes procedures for 
granting mixing zones and the assimilative capacity of the receiving water. 
Before establishing a dilution credit for a discharge, it must first be determined 
if, and how much, receiving water is available to dilute the discharge. 

The worst-case dilution is assumed to be zero to provide protection for the 
receiving water beneficial uses. The impact of assuming zero assimilative 
capacity within the receiving water is that discharge limitations are applied 
end-of-pipe with no allowance for dilution within the receiving water. 

3. Determining the Need for WQBELs 

a. Federal regulations require effluent limitations for all pollutants that are or 
may be discharged at a level that will cause or have the reasonable potential 
to cause, or contribute to an in-stream excursion above a narrative or 
numerical water quality standard. 

The San Diego Water Board conducted the RPA in accordance with section 
1.3 of the SIP. A summary of the results for the parameters which 
demonstrated reasonable potential, for each applicable discharge, is provided 
in the tables below. 
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T bl F 10 S fRPAR It 1 a e . . ummary o esu s 

Discharge Location No. Parameter 

Copper, Total Recoverable 
Steam Condensate Lead, Total Recoverable 
(SC-001 through SC-175) Mercury, Total Recoverable 

Zinc, Total Recoverable 

Pier Boom, Fender, and Mooring 
Copper, Total Recoverable 

Benzo (b) Fluoranthene 
Cleaning 

Benzo (k) Fluoranthene (BC-001) 
Chrvsene 

Arsenic, Total Recoverable 
Cadmium, Total Recoverable 
Chromium, Total Recoverable 

Copper, Total Recoverable 
Lead, Total Recoverable 

Utility Vault and Manhole 
Mercury, Total Recoverable 
Nickel, Total Recoverable 

Dewatering 
Silver, Total Recoverable (UV-001 through UV-012) 
Zinc, Total Recoverable 
Benzo (a) Anthracene 

Benzo (a) Pyrene 
Benzo (b) Fluoranthene 

Chrysene 
lndeno (1 ,2,3-cd) Pyrene 

Deflooding Water 
Copper, Total Recoverable (NGD-001 and NGD-002) 

Cadmium, Total Recoverable 

Caisson Ballast Dewatering 
Copper, Total Recoverable 
Nickel, Total Recoverable 

(NGD-003) 
Silver, Total Recoverable 
Zinc, Total Recoverable 

Copper, Total Recoverable 
Saltwater System Supply Water Nickel, Total Recoverable 
(NGD-004) Silver, Total Recoverable 

Zinc, Total Recoverable 

2 

3 

4 

-MEC - Max1mum Effluent Concentration 
B = Background Concentration 
C = Criterion 
NA- Not Available 

4. WQBEL Calculations 

MEC1 8--z 

JJg/L JJg/L 
130 4.42 

18.78 0.361 
0.15 <0.01 

249.82 10.31 
10.16 5.22 
0.071 0.0031 
0.057 0.0023 
0.1264 0.0032 

210 NA 
22 NA 
100 NA 

5,300 NA 
400 NA 
8.3 NA 
82 NA 
25 NA 

1,500 NA 
0.11 NA 

0.066 NA 
0.072 NA 
0.094 NA 
0.13 NA 

11.1 16.7 

30 0.0752 
40 16.7 
50 0.844 

10.1 45.1 
165 21.3 
213 16.7 
79.7 0.844 
5.65 45.1 
771 21.3 
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c--:r 
Reason 

IJg/L 
3.73 MEC & B > C 
8.52 MEC > C 
0.051 MEC >C 
85.62 MEC > C 
3.73 MEC & B > C 
0.049 MEC>C 
0.049 MEC > C 
0.049 MEC >C 

36 MEC>C 
9.36 MEC >C 
50.35 MEC >C 
3.73 MEC >C 
8.52 MEC > C 
0.051 MEC >C 
8.28 MEC >C 
2.24 MEC >C 
85.62 MEC > C 
0.049 MEC > C 
0.049 MEC >C 
0.049 MEC >C 
0.049 MEC >C 
0.049 MEC > C 

3.73 MEC & B > C 

9.36 MEC >C 
3.73 MEG & B > C 
8.28 MEC > C 
2.24 MEG & B > G 
85.62 MEG >C 
3.73 MEG & B > C 
8.28 MEC >C 
2.24 MEG & B > C 
85.62 MEC >C 

a. Utility Vaults. As shown in Table F-1 0, the San Diego Water Board finds 
that discharges from utility vault and manhole dewatering have the 
reasonable potential to exceed water quality criteria for several priority 
pollutants. However, section V.C.3 of the Fact Sheet to State Water Board 
Order No. 2006-0008-DWQ states that "establishment of numeric effluent 
limitations for pollutants from utility vaults and underground structures is not 
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feasible because: (1) utility companies have numerous short duration 
intermittent releases of water to surface waters from many different locations, 
and (2) treatment of all these releases to meet numeric effluent limitations 
would be impractical." Consistent with State Water Board Order No. 2006-
0008-DWQ and Order No. R9-2002-0169 for NBSD Complex, the San Diego 
Water Board is not establishing numeric effluent limitations for utility vaults 
and manholes in this Order. However, as described in section VII.C.3.a of 
this Fact Sheet, this Order includes a provision requiring the Discharger to 
continue the implementation and maintenance of their Utility Vault PLAN 
which includes BMPs to reduce the discharge of pollutants from utility vault 
and manhole dewatering. 

b. Boom Cleaning. As shown in Table F-10, the San Diego Water Board finds 
that discharges from pier boom, fender, and mooring cleaning exhibit 
reasonable potential to exceed water quality criteria for a number of priority 
pollutants. However, as discussed in section IV.B.2.c of this Fact Sheet, the 
San Diego Water Board finds that it is not feasible to establish numeric 
effluent limitations for pollutants in discharges from pier boom, fender, and 
mooring cleaning. In lieu of numeric effluent limitations, the San Diego Water 
Board finds that the implementation of BMPs is appropriate. As described in 
section VII.C.3.b of this Fact Sheet, this Order includes a provision requiring 
the implementation of BMPs to control and abate the discharge of pollutants 
from pier boom, fender, and mooring cleaning. 

c. The Basin Plan states, "In bays and estuaries the pH shall not be depressed 
below 7.0 nor raised above 9.0." 

WQBELs have been established based on the water quality objectives 
established in the Basin Plan. 

d. The Thermal Plan establishes the following water quality objectives for 
existing discharges to enclosed bays: 

"Elevated temperature waste discharges shall comply with limitations 
necessary to assure protection of beneficial uses." 

Steam condensate discharges are considered discharges of elevated 
temperature wastes and must comply with the water quality objective. The 
Discharger installed the steam condensate system prior to the adoption of the 
Thermal Plan on May 18, 1972 so this steam condensate discharge is an 
existing discharge. A numeric effluent limitation is not provided for existing 
discharges. The Thermal Plan water quality objective has been applied as a 
narrative receiving water effluent limitation. 

Due to the low discharge rate of steam condensate into the receiving water, 
the discharge is not expected to degrade beneficial uses due to elevated 
temperatures. 
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e. Effluent limitations for cadmium, copper, lead, mercury, nickel, silver, and zinc 
were calculated in accordance with section 1.4 of the SIP. The paragraphs 
below describe the methodology used for calculating effluent limitations for 
these parameters. 

f. Effluent Limitation Calculations. 

In calculating maximum effluent limitations, the ECAs were set equal to the 
criteria/standards/objectives. 

ECAacute = CMC ECAchramc = CCC 

For the human health, agriculture, or other long-term criterion/objective, a 
dilution credit can be applied. The ECA is calculated as follows: 

ECAHH = HH + O(HH- B) 

where: 

ECAacute = effluent concentration allowance for acute (1-hour average) 
toxicity criterion 

ECAchronic = effluent concentration allowance for chronic (4-day average) 
toxicity criterion 

ECAHH = effluent concentration allowance for human health, agriculture, 
or other long-term criterion/objective 

CMC = criteria maximum concentration (1-hour average) 

CCC = criteria continuous concentration (4-day average, unless 
otherwise noted) 

HH = human health, agriculture, or other long-term criterion/objective 

D = dilution credit 

8 = maximum receiving water concentration 

Acute and chronic toxicity ECAs were then converted to equivalent long-term 
averages (L TA) using statistical multipliers and the lowest is used. Additional 
statistical multipliers were then used to calculate the maximum daily effluent 
limitation (MDEL) and the average monthly effluent limitation (AMEL). 

Human health ECAs are set equal to the AMEL and a statistical multiplier is 
used to calculate the MDEL. 
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~ L TAacute 

AMEL= multAMEL[min(MAECAacute,McECAchronic)] 

MDEL=multMDEJmin(MAECAacute'McECAchronic)] 

'-----y--1 
L TAchronic 

MDEL = ( mult MDFL JAMEL 
HH HH 

mult AMEJ, 

where: multAMEL =statistical multiplier converting minimum L TA to AMEL 

multMDEL =statistical multiplier converting minimum L TA to MDEL 

MA =statistical multiplier converting CMC to L TA 

Me= statistical multiplier converting CCC to L TA 

WQBELs were calculated for cadmium, copper, lead, mercury, nickel, silver, 
and zinc as follows in Tables F-11 through F-17, below. 

Table F-11. WQBEL Calculations for Cadmium 
Acute Chronic 

Criteria (IJg/L) 1 42.25 9.36 
Dilution Credit No Dilution No Dilution 
ECA 42.25 9.36 
ECA Multiplier 0.32 0.53 

LTA 13.57 4.94 
AMEL Multiplier (95th%) 2 1.55 

AME~ (i.Jg/L) 2 7.7 
MDEL Multiplier (99th%) 2 3.11 

MDEL (IJg/L) . 2 15.4 
CTR Aquatic Life Criteria 
Limitations based on chronic LTA (Acute LTA >Chronic L TA) 
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Table F-12. WQBEL Calculations for Copper 
Acute Chronic 

Criteria (~g/L) 1 5.78 3.73 
Dilution Credit No Dilution No Dilution 
EGA 5.78 3.73 
EGA Multiplier 0.32 0.53 
LTA 1.86 1.97 
AMEL Multiplier (95th%) 1.55 2 

AMEL. (h/glL.) 2.9 . 2 

MDEL Multiplier (99th%) 3.11 2 

MDEL. (~giL) 5.8 2 

CTR Aquatic Life Criteria 

Limitations based on acute LTA (Acute LTA <Chronic L TA) 

Table F-13. WQBEL Calculations for Lead 
Acute Chronic 

Criteria (~g/L) 1 220.82 8.52 
Dilution Credit No Dilution No Dilution 
EGA 220.82 8.52 
EGA Multiplier 0.32 0.53 
LTA 70.90 4.49 
AMEL Multiplier (95th%) 2 1.55 

AMEL (h/g/L) 2. 7 .. 0 
MDEL Multiplier (99th%) 2 3.11 

MDEL (~g/L) 2 14.0 

CTR Aquatic Life Criteria 

Limitations based on chronic L TA (Chronic L TA <Acute L TA) 

Table F-14. WQBEL Calculations for Mercury 
Human Health 

Criteria (~g/L) 1 0.051 

Dilution Credit 

EGA 

AMEL (1Jg/L)4 

MDELIAMEL Multiplier3 

MDEL (IJg/L) 

No Dilution 

0.051 

0.051 

2.01 

0.102 
CTR Criteria for Human Health (for Consumption of Organisms Only) 

AMEL = ECA per section 14.8, Step 6 of SIP 

ORDER NO. R9-2013-0064 
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Assumes sampling frequency n<=4. Calculated multiplier based on Step 6 of section 1.4 of the SIP. 
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Table F-15. WQBEL Calculations for Nickel 
Acute Chronic 

Criteria (IJg/L) 1 74.75 8.28 

Dilution Credit No Dilution No Dilution 

ECA 74.75 8.28 

ECA Multiplier 0.32 0.53 

LTA 24.00 4.37 
AMEL Multiplier (95th%) 2 1.55 

AMEL ()Jg/L) 2 6.8 
MDEL Multiplier (99th%) 2 3.11 

MDEL ( /L) ... . . 1-19 
2 13.6 

CTR Aquatic Life Criteria 

Limitations based on chronic LTA (Chronic L TA <Acute L TA) 

Table F-16. WQBEL Calculations for Silver 
Acute Chronic 

Criteria (IJg/L) 1 2.24 No Criteria 
Dilution Credit No Dilution --
ECA 2.24 --

ECA Multiplier 0.32 --

LTA 0.72 --
AMEL Multiplier (95th%) 1.55 --

AMEL { /L) ········ . pg 1.1 -· 
MDEL Multiplier (99th%) 3.11 --

MOEL (JJg/L) 2.2 --"' '" "'~ ' """ ' 

CTR Aquatic Life Criteria 

Table F-17. WQBEL Calculations for Zinc 
Acute Chronic 

Criteria (IJg/L) 1 95.14 85.62 
Dilution Credit No Dilution No Dilution 
ECA 95.14 85.62 
ECA Multiplier 0.32 0.53 
LTA 30.55 45.16 
AMEL Multiplier (95th%) 1.55 2 

AME:L (!Jg/L) 47.4 2 

MDEL Multiplier (99th%) 3.11 2 

MOEL (IJg/L) 95.1 2 

CTR Aquatic Life Criteria 
2 

· Limitations based on acute LTA (Acute L TA < Chronic L TA) 
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g. A summary of the applicable WQBELs are provided below: 

T bl F 18 A r bl WQBEL a e - lpp ICa e s 
Discharge Type 

Effluent Limitations 
Parameter Units Average Maximum (Discharge Point Nos.) 

Monthly Daily 
Copper, Total Recoverable IJg/L 2.9 5.8 

Steam Condensate 
Lead, Total Recoverable IJg/L 7.0 14.0 

(SC-001 through SC-175) 
Mercury, Total Recoverable i.JQ/L 0.051 0.102 
Zinc, Total Recoverable IJg/L 47.4 95.1 
pH pH units -- I 

Graving Dock Deflooding Copper, Total Recoverable IJg/L 2.9 5.8 
Water and Salt Water Rinse 

Water pH pH units 1 --
(NGD-001 through NGD-002) 

Cadmium, Total 
IJg/L 7.7 15.4 

Recoverable 
Graving Dock Caisson Ballast Co_pper, Total Recoverable i.JQ/L 2.9 5.8 

Dewatering Nickel, Total Recoverable IJg/L 6.8 13.6 
(NGD-003) Silver, Total Recoverable i.JQ/L 1.1 2.2 

Zinc, Total Recoverable IJg/L 47.4 95.1 
pH pH units --

Graving Dock Emergency Fire 
Copper, Total Recoverable IJg/L 2.9 5.8 
Nickel, Total Recoverable i.JQ/L 6.8 13.6 

1 

Suppression Water and Salt 
Silver, Total Recoverable IJg/L 1.1 2.2 

Water Supply Water 
(NGD-004) Zinc, Total Recoverable i.JQ/L 47.4 95.1 

pH pH units --
To be applied as an Instantaneous effluent lim1tat1on, the discharge shall at all t1mes be between 7.0 
and 9.0 standard pH units. 

h. On September 8, 2010, the Discharger submitted a request for intake water 
credits pursuant to Section 1.4.4 of the SIP. The Discharger has requested 
intake water credits for total recoverable copper for the following discharges: 

• Graving dock deflooding and salt water rinse water (Discharge Point 
Nos. NGD-001 and NGD-002) 

• Caisson ballast dewatering (Discharge Point No. NGD-003) 

• Emergency fire suppression water and salt water supply water 
(Discharge Point No. NGD-004) 

Section 1.4.4 of the SIP establishes the following minimum requirements 
before intake credits may be granted: 

i. The observed maximum ambient background concentration, as 
determined in section 1.4.3.1, and the intake water concentration of the 
pollutant exceeds the most stringent applicable criterion/objective for that 
pollutant. 
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The Discharger has provided receiving water sample data for the San 
Diego Bay water adjacent to the USN Graving Dock for the time frame of 
2004 through 2010. Nine (9) of twelve (12) samples collected in this time 
frame resulted in concentrations that exceed the saltwater chronic criteria 
for copper of 3.73 j.Jg/L, and 10 of the results exceed the calculated AMEL. 

The Discharger has demonstrated compliance with this requirement for 
the application of intake credits. 

ii. The intake water credits provided are consistent with any TMDL applicable 
to the discharge that has been approved by the San Diego Regional 
Board, the State Water Board, and the USEPA. 

The receiving water is on the 303(d) list as impaired for benthic community 
effects and sediment toxicity, however a TMDL has not been completed 
and is not scheduled for completion until 2019. Thus, the application of 
intake credits is not currently restricted by a TMDL. It should be noted that 
intake credits that are granted prior to TMDL completion may be revised in 
the future upon adoption of a TMDL for the receiving water. 

The Discharger has demonstrated compliance with this requirement for 
the application of intake credits. 

iii. The intake water is from the same water body as the receiving water body. 

The intake water for all the requested discharges is the receiving water 
directly adjacent to the Graving Dock. 

The Discharger has demonstrated compliance with this requirement for 
the application of intake credits. 

iv. The r;JBSD does not alter the intake water pollutant chemically or 
physically in a manner that adversely affects water quality and beneficial 
uses. 

No available information indicates that the Discharger will alter the intake 
water pollutant in any manner that would increase the concentrations of 
copper discharged to the receiving water. 

Further, the application of intake credits for copper based on current 
receiving water data encourages the Discharger to ensure effective 
methods for maintaining the same water quality as the intake water are 
implemented, and would likely result in effluent limitation exceedances if 
the Discharger negatively altered the water quality of the intake prior to 
discharge. 
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By maintaining the discharges at similar water quality to the intake, no 
additional negative effects to the receiving water are expected to occur. 

v. The timing and location of the discharge does not cause adverse effects 
on water quality and beneficial uses that would not occur if the intake 
water pollutant had been left in the receiving water body. 

There is no reason to believe the timing and location of the discharges for 
which intake credits have been requested would cause adverse effects on 
water quality and beneficial uses that would not occur if the intake water 
pollutant had been left in the receiving water body. 

The Discharger appears to be in compliance with this requirement for the 
application of intake credits. 

vi. Section 1.4.4 of the SIP requires that the permit specify how compliance 
with effluent limitations with intake water credits will be assessed. The 
SIP states that this may be done by basing the effluent limitation on the 
ambient background concentration data or by simultaneously monitoring 
the pollutant concentrations in the intake water and in the effluent. 

To account for variation of concentrations of total recoverable copper in 
intake water and the effluent that might occur during operations (i.e., 
concentration of pollutant may vary slightly from hour to hour in both the 
intake and effluent), and the inherent accuracy limitations of laboratory 
analyses, compliance with the intake credit-based effluent limitation has 
been determined based on the goth percentile of all available ambient 
background data submitted between April 8, 2004 through March 3, 2010. 
The resulting intake credit for total recoverable copper at NGD-001 
through NGD-004 is 13.8 i-Jg/L. 

vii. The AMEL is calculated based on a discharge of waste for every day 
during the month. Dischargers are allowed to exceed the AMEL during a 
day as long as the discharge is below the MDEL or the instantaneous 
maximum effluent limit for the day and as long as the average for the 
month is below the AMEL. The discharges from the graving dock 
deflooding water and caisson ballast dewatering only occur very 
infrequently, only one day every several months. It is not appropriate to 
apply an AMEL to a discharge that occurs only one time during the month. 
A footnote has been added to the AMEL for the graving dock deflooding 
water and caisson ballast dewatering which states 'The AMEL only 
applies if there is a discharge more than one day in a 30 day period or if 
there is no other effluent limitation for the parameter." 
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5. Whole Effluent Toxicity (WET) 

a. Background and Rationale 

The Basin Plan defines toxicity as the adverse response of organisms to 
chemicals or physical agents. 

The Basin Plan establishes a narrative water quality objective for toxicity: 

"All waters shall be maintained free of toxic substances in concentrations that 
are toxic, or that produce detrimental physiological responses in human, 
plant, animal, or aquatic life." 

Order No. R9-2002-0169 and Order No. R9-2003-0265 established acute 
toxicity effluent limitations for storm water discharges. Survival rates reported 
by the Discharger for two storm water sampling events conducted in 
December 2006 and April 2007 range from 0 to 100 percent, indicating the 
presence and reasonable potential for acute toxicity in the discharge of storm 
water from the Facility. 

In discussions with USEPA Region 9, the USEPA has informed San Diego 
Water Board staff that the application of chronic toxicity monitoring and 
effluent limitations for storm water runoff are generally more desirable than 
acute toxicity because chronic toxicity is more conservative and provides a 
better indicator of chronic effects to organisms in the receiving water, other 
than percent survival. Chronic effects, such as detrimental physiological 
responses (affecting fertilization, growth, reproduction, etc.) may be present, 
even when acute effects such as the death of an organism are not apparent. 
The use of chronic toxicity allows for a more accurate determination of the 
narrative water quality objective, which specifies "detrimental physiological 
responses". Many detrimental physiological responses are not addressed 
when the test is limited to simply percent survival. 

Based on the USEPA Region 9 guidance, chronic toxicity monitoring and 
effluent limitations are established in this Order for the discharge of industrial 
process water at the Facility. Because chronic toxicity is considered to be a 
more conservative indicator of toxicity, and the monitoring of all industrial 
wastewater sample locations for both acute and chronic toxicity would be 
costly and redundant, the monitoring requirements and effluent limitations for 
acute toxicity have been removed for industrial wastewater discharges based 
on the application of the more conservative chronic toxicity requirements. If 
the Discharger complies with the effluent limitations for chronic toxicity, they 
will achieve water quality greater than that necessary to achieve compliance 
with acute toxicity effluent limitations. 
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The State Water Board has not adopted a policy or plan for regulating toxicity 
in storm water discharges. NBSD currently has acute toxicity effluent 
limitations for industrial storm water discharges which they have not been 
able to achieve. An acute toxicity effluent limitation from Order R9-2002-0169 
has been carried over to this Order and been revised to incorporate USEPA's 
guidance on the TST method. This Order also requires further study on 
chronic toxicity in industrial storm water discharges through a study on an 
appropriate in-stream waste concentration for discharges to San Diego Bay. 
Because there is no established policy and the potential effects on receiving 
waters from chronic toxicity in industrial storm water discharges are not well 
understood, this Order maintains the acute toxicity effluent limitation for 
Industrial High Risk Areas storm water discharges. The San Diego Water 
Board may choose to establish end-of-pipe chronic toxicity effluent limitations 
for Industrial High Risk Areas storm water discharges in the future. In 
developing such a limitation an instream waste concentration factor of 100 
percent will be assumed whenever mixing zones or dilution credits are not 
authorized by the San Diego Water Board. 

Navy Acute Toxicity Effluent Limitation Challenge 

During the renewal of the Discharger's NPDES permits for the Facility, NBC, 
and NBPL, the Discharger challenged the acute toxicity limitation and has 
asserted that the acute toxicity limitation is not based on scientific data, that it 
is overly stringent for protecting water quality, and that diversion of all storm 
water runoff to the sanitary sewer is the only effective BAT/BCT for meeting 
the effluent limitation. This Order maintains an acute toxicity effluent 
limitation for Industrial High Risk Areas storm water discharges. Although this 
Order is establishing chronic toxicity effluent limitations instead of acute 
toxicity effluent limitations for industrial process wastewater discharges, the 
Discharger's challenge to the acute toxicity effluent limitations is addressed 
below because some of the concerns can be applied to chronic toxicity. 

The acute toxicity effluent limitation established in Order No. R9-2002-0169 
for NBSD Complex and Order No. R9-2003-0265 for the USN Graving Dock 
was established to implement the Basin Plan water quality objective for 
toxicity in receiving waters. The effluent limitation was derived from, and is 
essentially the same as, the acute toxicity discharge standard contained in 
the 197 4 Bays and Estuaries Policy. 

The Discharger's NPDES permits contained provisions which allowed the 
Discharger to recommend, after conducting a required study, alternative 
scientifically valid survival rates for acute exposure to discharges of storm 
water from industrial areas at the Discharger's facilities. The Discharger 
conducted a study to develop a scientifically defensible, and appropriate, 
toxicity limitation for industrial storm water discharges from Naval facilities to 
San Diego Bay. The results of the study were summarized in a Final Report, 
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Storm Water Toxicity Evaluation Conducted at: Naval Station San Diego, 
Naval Submarine Base San Diego, Naval Amphibious Base Coronado, and 
Naval Air Station North Island, dated May 2006. 

The Discharger's final recommendations included in the report are 
summarized below: 

• The use of appropriate USEPA WET test methods and data evaluation 
when declaring a test result as toxic. 

• Acknowledge of WET method variable and the minimum significant 
difference that laboratory testing can provide in declaring a toxic result. 

• Consideration of realistic exposure conditions when using WET testing 
to infer toxicity in the receiving water. 

In addition, the Discharger has submitted comments regarding the current 
acute toxicity requirements. Comments of significant importance are 
summarized below: 

The Discharger has requested that the existing storm water toxicity testing 
language be revised to require a statistical comparison of discharge 
toxicity results with control sample toxicity results using a student t-test, to 
determine whether a discharge is toxic or not. 

The Discharger has requested that the existing storm water toxicity testing 
language be revised to require the use of percent minimum significant 
difference, using the 1oth and 751

h percentiles as lower and upper bounds, 
respectively, to account for inherent variability of toxicity testing 
procedures to determine whether a discharge is toxic or not. 

The Discharger has requested that the existing storm water toxicity 
discharge specification language be revised according to two proposed 
alternatives that presumably consider realistic exposure conditions to infer 
toxicity in the receiving water. 

San Diego Water Board staff stated in a memorandum to the Executive 
Officer dated August 22, 2006 that the Discharger's proposed toxicity 
alternatives should not be adopted in their entirety and, "Toxicity in storm 
water discharges should not be ignored just because the causative agent is 
diluted in bay water. Testing times should not be shortened to ensure that the 
variability inherent to storm water discharges is not causing low level toxicity 
that may be missed in an acute test." 
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Toxicity Rationale 

The San Diego Water Board has considered the following information in 
developing toxicity monitoring and effluent limitations: 

• The study performed by the Discharger, 
• Comments received from the Discharger, 
• Discussions with USEPA Region 9, 
• USEPA's June 2010 guidance document titled National Pollutant 

Discharge Elimination System Test of Significant Toxicity 
Implementation Document, An Additional Whole Effluent Toxicity 
Statistical Approach for Analyzing Acute and Chronic Data (EPA 833-R-
10-003), 

• US EPA's June 2010 guidance document titled National Pollutant 
Discharge Elimination System Test of Significant Toxicity Technical 
Document, An Additional Whole Effluent Toxicity Statistical Approach for 
Analyzing Acute and Chronic Data (EPA 833-R-10-004), and 

• The interpretation of State regulations. 

The implementation of toxicity monitoring requirements and effluent 
limitations are based on a new statistical approach developed by USEPA that 
assesses the WET measurement of wastewater effects on specific test 
organisms' ability to survive, grow, and reproduce called the Test of 
Significant Toxicity (TST). This new approach is a statistical method that 
uses hypothesis testing techniques based on research and peer-reviewed 
publications. The approach examines whether an effluent at the critical 
concentration and a control within a WET test differ by an unacceptable 
amount (the amount that would have a measured detrimental effect on the 
ability of aquatic organisms to thrive and survive). 

Organism response to the effluent and control are unlikely to be exactly the 
same, even if no toxicity is present. They might differ by such a small amount 
that even if statistically significant, it would be considered negligible 
biologically. A more useful approach could be to rephrase the null 
hypothesis, "Is the mean response in the effluent less than a defined 
biological amount?" The Food and Drug Administration has successfully 
used that approach for many years to evaluate drugs, as have many 
researchers in other biological fields. In that approach, the null hypothesis is 
stated as the organism response in the effluent is less than or equal to a fixed 
fraction (b) of the control response (e.g., 0.75 of the control mean response): 

Null hypothesis: Treatment mean::;; b *Control mean 

To reject the null hypothesis above means the effluent is considered non
toxic. To accept the null hypothesis means the effluent is toxic. 
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Before the TST null hypothesis expression could be recommended by 
USEPA, certain Regulatory Management Decisions (RMDs) were needed, 
including what effect level in the effluent is considered unacceptably toxic and 
the desired frequency of declaring a truly negligible effect within a test non
toxic. 

In the TST approach, the b value in the null hypothesis represents the 
threshold for unacceptable toxicity. For chronic toxicity, the USEPA made the 
RMD that the b value is set at 0.75, which means that a 25 percent effect (or 
more) at the IWC is considered evidence of unacceptable chronic toxicity. 
For acute toxicity, the b value is set at 0.80. 

US EPA's RMDs for the TST method are intended to identify unacceptable 
toxicity most of the time when it occurs, while also minimizing the probability 
that the in-stream waste concentration (IWC) is declared toxic when in fact it 
is truly acceptable. Additional RMDs by USEPA to achieve this objective 
were made regarding acceptable maximum false positive (13 using a TST 
approach) and false negative rates (a using a TST approach). 

In the TST approach, the RMDs are defined as: 

1) Declare a sample toxic between 75- 95 percent of the time (0.05:::; a:::; 
0.25) when there is unacceptable toxicity. 

2) Declare an effluent non-toxic no more than 5 percent of the time (13:::; 0.05) 
when the effluent effect at the critical effluent concentration is 10 percent. 

USEPA used valid toxicity data from approximately 2,000 WET tests to 
develop and evaluate the TST approach. The TST approach was tested 
using nine different whole effluent toxicity test methods comprising twelve 
biological endpoints and representing most of the different types of whole 
effluent toxicity test designs in use. More than one million computer 
simulations were used to select appropriate alpha error rates for each test 
method that also achieved USEPA's other RMDs for the TST approach. 

Effluent limitations are established using the TST "pass" "fail" approach as 
well as a percent effect. A MDEL for chronic toxicity for industrial process 
wastewater is established in this Order and is exceeded when a toxicity test 
results in a "fail," and the percent effect is greater than or equal to 0.50 for 
chronic toxicity tests in accordance with Compliance Determination section 
VII of this Order. 
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Chronic Pass 

A test result that rejects the null hypothesis (Ho) below is reported as "Pass" 
in accordance with the TST approach: 

Ho: Mean response (1 00 percent effluent)::; 0.75 x Control mean response 

Chronic Fail 

A test result that does not reject the null hypothesis (Ho) above is reported as 
"Fail" in accordance with the TST approach. 

The percent effect at the IWC is calculated for each test result using the 
following equation: 

% Effect at IWC = Mean Control Response - Mean IWC Response * 1 00 
Mean Control Response 

A MMEL for chronic toxicity is established for industrial process wastewaters. 
The MMEL is exceeded when the median results of three independent toxicity 
tests, conducted within the same calendar month, and analyzed using the 
TST, (i.e. two out of three) is a "fail". 

A MDEL for acute toxicity is established for Industrial High Risk Areas storm 
water discharges and is exceeded when a toxicity test during routine 
monitoring results in a "fail" in accordance with the TST approach and the 
percent effect is greater than or equal to 0.40. 

Acute Pass 

An acute toxicity test result that does not reject the null hypothesis (Ho) below 
is reported as "pass" in accordance with the TST approach: 

Ho: Mean response (1 00 percent effluent)::; 0.80 x Control mean response 

Acute Fail 

An acute toxicity test result that does not reject the null hypothesis (Ho) above 
is reported as "fail" in accordance with the TST approach. 

A percent effect of 0.50 for chronic toxicity and 0.40 for acute toxicity has 
been incorporated into the MDEL. The decision to conduct a Toxicity 
Identification Evaluation (TIE) is based upon consideration of multiple factors 
such as the magnitude and persistence of toxicity. The magnitude of toxicity 
present in storm water is an important consideration because a moderate to 
high level of toxicity typically yield more successful results. Usually, TIEs can 
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be successfully conducted on samples producing at least 50 percent effect 
(e.g., >50% mortality or reduction in reproduction), and this value is 
recommended for general use in selecting samples for TIEs. However, 
effective TIEs can also be conducted with less toxic samples (e.g., >25% 
effect), but there is a greater chance of the TIE being inconclusive due to 
changes in toxicity with storage or variability in response (Norberg-King et al. 
2005). A percent effect of 0.50 for chronic toxicity and 0.40 for acute toxicity 
has been incorporated into the MDEL to facilitate a successful TIE. 

The IWC for these discharges are established at 100% effluent. Allowances 
for dilution and a different IWC may be made at the discretion of the San 
Diego Water Board. Because the San Diego Water Board has no 
documentation to support a different IWC, the IWC is defined as 100 percent 
effluent (undiluted). This definition of IWC is consistent with other San Diego 
Water Board's NPDES permitted discharges to San Diego Bay which do not 
allow dilution. This Order requires further study on the appropriate in-stream 
waste concentration for chronic toxicity observed in industrial storm water 
discharges to San Diego Bay. 

The San Diego Water Board finds that the application of US EPA's TST 
method with the 50% effect for chronic toxicity and 40% effect for acute 
toxicity is scientifically defendable and appropriate for the determination of 
compliance with the Basin Plan's narrative objective for toxicity. As such, 
toxicity monitoring requirements, analysis, and effluent limitations are 
established in this Order based on USEPA's TST method and a 50% effect 
for chronic toxicity and 40% effect for acute toxicity. Taken together, these 
refinements of using chronic toxicity instead of acute toxicity for industrial 
process wastewater and using the TST approach with the appropriate percent 
effect clarifies the requirements for toxicity analyses, provide Dischargers with 
the positive incentive to generate high quality data, and afford greater 
protection to aquatic life. 

b. Acute Toxicity 

As discussed previowsly, acute toxicity limitations have not been carried over 
and have been replaced with chronic toxicity limitations for industrial process 
waste water discharges. Acute toxicity effluent limitations have been 
maintained for industrial high risk storm water discharges and have been 
updated to use the USEPA's TST method to evaluate the tests with a percent 
effect of 40%. Where acute toxicity limitations had previously been applied in 
conjunction with chronic toxicity effluent limitations for industrial process 
wastewater discharges, the acute limitations have also been removed to 
reduce duplicative monitoring to implement the narrative toxicity water quality 
objective. Chronic toxicity monitoring and effluent limitations provide a more 
conservative indicator and more protective effluent limitation for water quality, 
and do not constitute back sliding. 
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c. Chronic Toxicity 

As previously discussed, chronic toxicity monitoring requirements and effluent 
limitations have been established for industrial process wastewater 
discharges demonstrated to have toxic pollutants in toxic concentrations (See 
Table F-1 0), consistent with USEPA's TST approach. 

For compliance with the Basin Plan's narrative toxicity objective, this Order 
requires the Discharger to conduct WET testing for chronic toxicity, as 
specified in the Monitoring and Reporting Program (Attachment E section V). 
This Order also requires the Discharger to implement BMPs to investigate the 
causes of, and identify corrective actions to reduce or eliminate effluent 
toxicity. 

D. Final Effluent Limitations 

1. Final Effluent Limitations 

a. Applicable TBELs and WQBELs for pH, described in sections IV.B and IV.C 
of this Fact Sheet, have been applied in this Order. Both TBELs and 
WQBELs were applicable to the discharges (6.0- 9.0 standard units and 7.0 
- 9.0 standard units, respectively). To ensure the protection of water quality, 
the more stringent lower and upper limitations for pH have been applied as 
the final effluent limitations in this Order. 

b. Discharges of steam condensate to San Diego Bay from Discharge Point 
Nos. SC-001 through SC-175 shall not exceed the effluent limitations 
summarized below: 

Table F-19. Effluent Limitations for Discharges of Steam Condensate from 
D. h P · t N sc oo1 th h sc 175 ISC arge om OS. - roug -

Parameter 
Effluent Limitations 

Units Average Weekly Maximum Instantaneous Instantaneous 
Monthly Average Daily Minimum Maximum 

Conventional Pollutants 
Total 
Suspended mg/L 60 -- -- -- --
Solids 
Oil and Grease mg/L 25 40 -- -- 75 
pH pH units -- -- -- 7.0 9.0 
Priority Pollutants 
Copper, Total 

iJg/L 2.9 -- 5.8 -- --
Recoverable 
Lead, Total 

iJg/L 7.0 -- 14.0 -- --Recoverable 
Mercury, Total 

iJQIL 0.051 -- 0.102 -- --Recoverable 
Zinc, Total 

iJQ/L 47.4 -- 95.1 -- --
Recoverable 

Monthly 
Median 

--

--
--

--

--

--

--
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Parameter 
Units Average Weekly Maximum Instantaneous Instantaneous Monthly 

1 

Monthly Average Daily Minimum Maximum 
Non-Conventional Pollutants 
Settleable 

mi/L 1.0 1.5 3.0 Solids -- --

Turbidity NTU 75 100 -- -- 225 
Chronic Toxicity Pass/Fail -- -- -- --

Compliance w1th the MDEL and Monthly Med1an Effluent L1m1tat1on (MMEL) shall be based on the 
procedures specified in section V of the MRP. 

I. 

c. The Discharge of graving dock deflooding water and salt water rinse water at 
Discharge Point Nos. NGD-001 and NGD-002, shall not exceed the effluent 
limitations summarized below: 

Table F·20. Effluent Limitations for Graving Dock Deflood Water and Salt Water 
R" W t to· h P . t N NGD 001 d NGD 002 mse a era ISC arge om OS. - an -

Effluent Limitations 

Median 

--

--

Parameter Units Annual Average Weekly Maximum Instantaneous Instantaneous Monthly 
Average Month I/ Average Daily Minimum Maximum Median 

Conventional Pollutants 
Total 
Suspended mg/L -- 60 -- -- -- -- --

Solids 

i 
I 

I 

Oil and 
.. ·--- i 

2 

mg/L 25 40 75 -- -- --
Grease 
pH pH units -- -- -- -- 7.0 9.0 
Priority Pollutants 
Copper, 
Total IJg/L -- -- -- 13.8 -- --
Recoverable 
Non-Conventional Pollutants 
Settleable mi/L 1.0 1.5 3.0 Solids -- -- --

Turbidity NTU -- 75 100 -- -- 225 
Chronic Pass/Fail 1 

Toxicity -- -- -- -- --
.. 

Compliance w1th the MDEL and MMEL shall be based on the procedures spec1f1ed 1n sect1on V of the 
MRP. 

The AMEL only applies if there is a discharge more than one day in a 30 day period or if there is no other 
effluent limitation for the parameter. 
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d. The Discharge of caisson ballast dewatering at Discharge Point No. NGD-
003, shall not exceed the effluent limitations summarized below: 

Table F-21. Effluent Limitations For Caisson Ballast Dewatering- Discharge Point 
No. NGD-003 

Parameter 
Effluent Limitations 

Units Annual Average Weekly Maximum Instantaneous Instantaneous Monthly 
Average Monthly2 Average DailY_ Minimum Maximum 

Conventional Pollutants 
Total 
Suspended mg/L -- 60 -- -- -- --
Solids 
Oil and 

mg/L 25 40 75 Grease -- -- --
pH pH units -- -- -- -- 7.0 9.0 
Priority Pollutants 
Cadmium, 
Total IJg/L -- 7.7 -- 15.4 -- --
Recoverable 
Copper, 
Total IJg/L -- -- -- 13.8 -- --
Recoverable 
Nickel, Total 

IJQ/L 6.8 -- 13.6 -- --
Recoverable --
Silver, Total 

IJg/L -- 1.1 -- 2.2 -- --
Recoverable 
Zinc, Total 

IJQ/L 47.4 -- 95.1 -- --
Recoverable 

--

Non-Conventional Pollutants 
Settleable 

milL 1.0 1.5 3.0 -- -- --Solids 
Turbidity NTU -- 75 100 -- -- 225 
Chronic 

Pass/Fail 1 --
Toxicity -- -- -- --

1 .. 
Compliance w1th the MDEL and MMEL shall be based on the procedures spec1f1ed m 
section V of the MRP. 

2 The AMEL only applies if there is a discharge more than one day in a 30 day period or if 
there is no other effluent limitation for the parameter. 
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e. The Discharge of emergency fire suppression water and salt water supply 
water at Discharge Point No. 004, shall not exceed the effluent limitations 
summarized below: 

Table F-22. Effluent Limitations for Emergency Fire Suppression Water and Salt 
W t S I o· h P . t N NGD 004 a er upp1y- ISC arge om 0. -

Effluent Limitations 
Parameter 

Units Average Average Weekly Maximum Instantaneous Instantaneous Monthly 
Annual Monthly Average Daily_ Minimum Maximum 

Conventional Pollutants 
Total 
Suspended mg/L -- 60 -- -- -- --
Solids 
Oil and Grease mg/L -- 25 40 -- -- 75 
pH pH units -- -- -- -- 7.0 9.0 

Priority Pollutants 
Copper, Total 

1-Jg/L -- -- -- 13.8 -- --
Recoverable 
Nickel, Total 

1-Jg/L -- 6.8 13.6 -- --
Recoverable 

--

Silver, Total 
1-Jg/L -- 1.1 -- 2.2 -- --

Recoverable 
Zinc, Total 

1-Jg/L -- 47.0 95.1 
Recoverable 

-- -- --

Non-Conventional Pollutants 
Settleable 

mi/L 1.0 1.5 3.0 
Solids 

-- -- --

Turbidity NTU -- 75 100 -- -- 225 
Chronic Toxicity Pass/Fail -- -- -- 1 -- --

1 .. 
Compliance w1th the MDEL and MMEL shall be based on the procedures spec1f1ed 1n sect1on 
V of the MRP. 

f. In addition to numeric technology-based limitations, the previous Orders 
required the Discharger to develop and implement a BMP plan for Pier 
Boom, Fender, Mooring Cleaning Discharger, utility vaults, and the 
Graving Dock, and a SWPPP for storm water discharges throughout the 
Facility, as authorized by CWA section 304(e) and section 402(p). An 
individual discussion for each plan is provided in section IV.B.2 of this Fact 
Sheet. The requirements to update and implement BMP plans and a 
SWPPP are carried over from the previous Orders. 

g. The discharge of storm water from designated "Industrial High Risk 
Areas," as defined in section IV.B.1.d of the Order, shall achieve a rating 
of "Pass" for acute toxicity based on the procedures in section V of the 
MRP. 

Median 

--

--
--

--

--

--

--

--

--
1 
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2. Satisfaction of Anti-Backsliding Requirements 

All effluent limitations in this Order are at least as stringent as the effluent 
limitations in Order No. R9-2002-0169 and Order No. R9-2003-0265 and meet 
State and federal anti-backsliding requirements. 

3. Satisfaction of Antidegradation Policy 

WDRs for the Discharger must conform to federal and state antidegradation 
policies provided at 40 CFR 131.12 and in State Board Resolution No. 68-16, 
Statement of Policy with Respect to Maintaining High Quality of Waters in 
California. The antidegradation policies require that beneficial uses and the 
water quality necessary to maintain those beneficial uses in the receiving waters 
of the discharge shall be maintained and protected, and, if existing water quality 
is better than the quality required to maintain beneficial uses, the existing water 
quality shall be maintained and protected unless allowing a lowering of water 
quality is necessary to accommodate important economic and social 
development or consistent with maximum benefit to the people of California. 
When a significant lowering of water quality is allowed by the San Diego Water 
Board, an antidegradation analysis is required in accordance with the State 
Water Board's Administrative Procedures Update (July 2, 1990), Antidegradation 
Policy Implementation for NPDES Permitting. 

The Discharger has requested that four additional steam condensate discharges 
be authorized to discharge to the San Diego Bay (Discharge Point Nos. SC-150 
through SC-153). Order No. R9-2002-0169 regulated 190 steam condensate 
discharge locations. Previous discharges of steam condensate were estimated 
up to 2,150 gallons per day (GPO). However, due to the demolition of Piers 10 
and 11 and replacement of Pier 10, and the demolition and replacement of Pier 
12, there are now only 175 steam condensate discharge locations. The 
estimated discharge of steam condensate is now 2,000 GPO. Considering the 
reduction in volume of steam condensate discharged to the receiving water, and 
the fact that the additional effluent streams are similar to the current steam 
condensate discharges, the addition of Discharge Point Nos. SC-150 through 
SC-153 for steam condensate discharges is not expected to negatively 
affect/impact the receiving water. 

The limitations and requirements of this Order are more stringent than 
established in Order No. R9-2002-0169 and Order No. R9-2003-0265. The 
permitted discharge is consistent with the antidegradation provisions of 40 CFR 
131.12 and State Water Board Resolution No. 68-16. Compliance with these 
requirements will result in the use of best practicable treatment or control of the 
discharge. The impact on existing water quality will be insignificant. 
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4. Stringency of Requirements for Individual Pollutants 

This Order contains both TBELs and WQBELs for individual pollutants. The 
TBELs applied in the Order consist of restrictions on oil and grease, suspended 
solids, settleable solids, turbidity, and pH as specified in Table A of the Ocean 
Plan; a requirement to continue to implement a PPP for utility vault and manhole 
dewatering discharges; a requirement to develop and maintain a BMP Plan for 
discharges from pi~r boom, fender, and mooring cleaning; and a requirement to 
continue to implement a SWPPP for toxic pollutants and hazardous substances 
in storm water runoff. These restrictions and requirements are discussed in 
section IV.B.2. This Order's technology-based pollutant restrictions implement 
the minimum, applicable federal technology-based requirements. These 
limitations are not more stringent than required by the CWA. 

WQBELs have been scientifically derived to implement water quality objectives 
that protect beneficial uses. Both the beneficial uses and the water quality 
objectives have been approved pursuant to federal law and are the applicable 
federal water quality standards. To the extent that toxic pollutant WQBELs were 
derived from the CTR, the CTR is the applicable standard pursuant to 40 CFR 
131.38. The scientific procedures for calculating the individual WQBELs for 
priority pollutants are based on the CTR-SIP, which was approved by USEPA on 
May 18, 2000. All beneficial uses and water quality objectives contained in the 
Basin Plan were approved under state law and submitted to and approved by 
US EPA prior to May 30, 2000. Any water quality objectives and beneficial uses 
submitted to USEPA prior to May 30, 2000, but not approved by US EPA before 
that date, are nonetheless "applicable water quality standards for purposes of the 
CWA" pursuant to section 131.21 (c)(1 ). Collectively, this Order's restrictions on 
individual pollutants are no more stringent than required to implement the 
requirements of the CWA. 

E. Storm Water Risk Level Designations 

This Order addresses storm water discharges from various locations throughout the 
Facility, with varying degrees of industrial activity and potential to impact water 
quality. As such, a tiered approach has been applied in the Order to control storm 
water discharges, including MS4 requirements, industrial storm water requirements, 
and effluent limitations. To apply the appropriate controls for storm water, the 
Discharger is required to identify all storm water outfalls located at the Facility, and 
designate the outfalls as either: Industrial High Risk Area, Industrial Low Risk Area, 
Industrial No Exposure Area, or Small MS4 Area. 
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Because operations at the Facility are subject to change, areas currently designated 
as Small MS4 Areas may be used for industrial activities at some time in the life of 
this permit or areas once used for industrial purposes may no longer be used for 
industrial uses. As such, annual site surveys are necessary to account for any 
operational changes that may occur at the Facility to ensure that appropriate 
regulatory mechanisms are being applied. 

F. Small (Military Base) Municipal Separate Storm Sewer System (MS4) 
Discharge Specification 

As discussed in section II.A.1.a of the Fact Sheet, the San Diego Water Board finds 
that Phase II MS4 requirements are applicable to storm water discharges from non
industrial portions of the Facility. As such, applicable requirements of the Phase II 
MS4 program, consistent with the requirements of the current State-wide Phase II 
MS4 Permit (State Water Board Order No. 2013-0001-DWQ) have been applied to 
ensure discharges of storm water from Non-industrial Areas meet the minimum 
requirement of MEP. Specific requirements have been established where necessary 
to increase the tracking and enforceability of the Discharger's SWMP. 

G. Storm Water Action Levels (SALs) - Chollas Creek Metals TMDL 
Implementation 

1. Waste Load Allocations for Metals in Chollas Creek 

The Chollas Creek Metals TMDLs contain the following Waste Load Allocations 
(WLA) applicable to storm water discharges to Chollas Creek shown in Table F-
23. The WLAs are based on the CTR values for freshwater. The Criteria 
Maximum Concentration is the highest concentration of a pollutant to which 
aquatic life can be exposed for a short period of time without deleterious effects. 
The Criteria Continuous Concentration is the highest concentration of a pollutant 
to which aquatic life can be exposed for an extended period of time (4 days) 
without deleterious effects. These WLAs apply to Chollas Creek upstream of 
Harbor Drive. 

Table F-23. Waste Load Allocations for Chollas Creek Storm Water 
o· h ISC arges 

Numeric Target for Acute Numeric Target for 

Metal 
Conditions: Chronic Conditions: 

Criteria Maximum Criteria Continuous 
Concentration Concentration 

(0.9) * (0.96) * {e/\ [0.9422 * 
(0.9) * (0.96) * {e/\[0.8545 *In 

Dissolved Copper In (hardness)- 1.700]} * 
(hardness)- 1.702]} * WER 

WER 
(0.9) * {1.46203- [0.145712 (0. 9) * {1.46203 - [0.145712 

Dissolved Lead 
*In (hardness)]}* {e/\ [1.273 *In (hardness)]}* {e/\[1.273 * 

*In (hardness) - 1.460]} * In (hardness)- 4.705]} * 
WER WER 
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Numeric Target for Acute Numeric Target for 

Metal 
Conditions: Chronic Conditions: 

Criteria Maximum Criteria Continuous 
Concentration Concentration 

(0.9) * (0.978) * {e/\ [0.8473 * (0.9) * (0.986) * {e/\[0.8473 * 
Dissolved Zinc In (hardness)+ 0.884]} * In (hardness) + 0.884]} * 

WER WER 

The Water-Effect Ratio (WER) is the ratio of the toxicity of the metal in the site 
water to the toxicity of the same metal in standard laboratory water. The WER is 
assumed to be 1.0 unless there is a site-specific and chemical-specific WER 
incorporated into the Basin Plan. The WER is multiplied by the criteria to adjust 
for site specific conditions. 

The WLA in the Chollas Creek TMDLs are based on the hardness of the 
receiving water which is Chollas Creek. Because the part of Chollas Creek 
where the Facility discharges storm water is heavily influenced by salt water from 
San Diego Bay, the hardness is at or above 400 mg/L. Pursuant to the Chollas 
Creek TMDLs, at times when the hardness concentration exceeds 400 mg/L, a 
value of 400 mg/L will be used for hardness no matter what the extent of the 
exceedance. This is because the CTR caps the allowable hardness value that 
can be used to calculate the resulting water quality criteria. The WLA calculated 
for a hardness of 400 mg/L are required to be met by October 22, 2028 and are 
shown below in Table F-24: 

Table F-24. Final Waste Load Allocations for Chollas Creek Storm Water 
o· h f H f 400 /L ISC arges or a arness o mg, 

WLAs Acute Conditions: 
WLAs for Chronic 

Metal Criteria Maximum 
Conditions: 

Concentration 1 Criteria Continuous 
Concentration 1 

Dissolved Copper 45 f-Jg/L 26 1-Jg/L 

Dissolved Lead 253 1-Jg/L 10 1-Jg/L 

Dissolved Zinc 341 1-Jg/L 344 1-Jg/L 
•.• .. 

If a s1te-spec1f1c and chem1cal-spec1f1c WER IS mcorporated mto the San D1ego Basm Plan, these WLA w1ll be multiplied 
by the appropriate WER 

2. TMDL Implementation Schedule 

The Chollas Creek Metals TMDLs contain the following implementation schedule 
for achieving the WLAs. The WLAs became effective October 22, 2008 
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Table F-25. Implementation Schedule for Chollas Creek Metals TMDLs. 
Allowable Exceedance of the WLAs 

(allowable percentage above) 

Compliance Year Copper Lead Zinc 
1 = 2008 -- -- --

10 =2018 20% 20% 20% 

20 = 2028 0% 0% 0% 

The first compliance date is 2018 with an allowable exceedance of the WLAs of 
20% exceedance above the WLA. This date is outside the term of this Order. 
The WLA in 2018 are identified below in Table F-26: 

Table F-26. Interim WLAs for Chollas Creek Storm Water Discharges for a 
Harness of 400 mg/L in 2018 with 20% exceedance - Dissolved 

Interim WLAs for Acute Interim WLAs for Chronic 

Metal 
Conditions: Conditions: 

Criteria Maximum Criteria Continuous 
Concentration 1 Concentration 1 

Dissolved Copper 54 iJQ/L 32 iJQ/L 

Dissolved Lead 303 IJQ/L 12 iJQ/L 

Dissolved Zinc 410 iJQ/L 413 IJQ/L 

If a Site-specifiC and chem1cal-spec1flc WER IS mcorporated mto the San Diego Bas1n Plan, these WLA Will be multiplied 
by the appropriate WER. 

Effluent limitations are expressed in terms of total recoverable metals. The SIP 
requires the use of USEPA conversion factors in Appendix 3 of the SIP to covert 
dissolved criterion to total recoverable criterion. The dissolved criterion is divided 
by the USEPA conversion factor to calculate a total recoverable criterion. The 
conversion factors and resulting total recoverable criterion are shown in Table F-
27 below: 

Table F-27. Interim WLAs for Chollas Creek Storm Water Discharges for a 
Harness of 400 mg/L in 2018 with 20% exceedance- Total 
Recoverable 

Metal Conversion Conversion Interim WLA for Interim WLA for 
Factor- Factor- Acute Chronic 

Fresh Water Fresh Water Conditions: Conditions: 
Acute Chronic Criteria Criteria 

Maximum Continuous 
Concentration 1 Concentration 1 

Copper, Total 
Recoverable 0.96 0.96 56 IJQ/L 33 IJQ/L 
Lead, Total 
Recoverable 0.589002 0.589002 515 IJQIL 20 IJQ/L 
Zinc, Total 
Recoverable 0.978 0.986 419 iJQ/L 419 !Jg/L 
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1 If a site-specific and chemical-specific WER is incorporated into the San Diego Basin Plan, these WLA will be multiplied 
by the appropriate WER 

3. Storm Water Action Levels (SALs) Calculations 

Storm water Action Levels (SALs) for storm water discharges from the Facility to 
Chollas Creek were calculated using the interim WLAs shown in Table F-27 for a 
hardness of 400 mg/L in 2018. The methodology from the SIP and described 
above in section IV.C.4.f of the Fact Sheet was used to convert Criteria 
Maximum Concentration and the Criteria Continuous Concentration to MDELs 
and AMELs as shown in tables F-28 through F-30 below. These MDEL and 
AMEL will be implemented as SALs until 2018 when the TMDL requires 
compliance with these numbers. 

Table F-28. SAL Calculations for Total Copper in Discharges of 
Storm Water to Chollas Creek. 

Acute~ Chronic~ 

Criteria (f.lg/L) 1 
56 33 

Dilution Credit No Dilution No Dilution 
ECA 56 33 
ECA Multiplier 0.321 0.527 
LTA 18 17 
AMEL Multiplier (95th%) 2 1.55 

AMEl {1-fg/LJ 2 27 
MDEL Multiplier (99th%) 2 3.11 

MDEL (~gil) 2 54 
Chollas TMDL WLA 

Limitations based on chronic L TA (Chronic L TA <Acute L TA) 
If a site-specific and chemical-specific WER is incorporated into the San Diego Basin Plan, this SAL 
will be multiplied by the appropriate WER 

Table F-29. SAL Calculations for Total Lead in Discharges of 
Storm Water to Chollas Creek. 

Acute~ Chronic~ 

Criteria (f,lg/L) 1 515 20 

Dilution Credit No Dilution No Dilution 
ECA 515 20 

ECA Multiplier 0.321 0.527 

LTA 165 11 
AMEL Multiplier (95th%) 2 1.55 

.AIV!.EL (!Jg/L) 2 16 
MDEL Multiplier (99th%) 2 3.11 

iVfDEL (!Jg/L) ~ 33 
Chollas TMDL WLA 

Limitations based on chronic LTA (Chronic LTA <Acute L TA) 
If a site-specific and chemical-specific WER is incorporated into the San Diego Basin Plan, this SAL 
will be multiplied by the appropriate WER 

Attachment F- Fact Sheet F-79 



UNITED STATES DEPARTMENT OF THE NAVY 
NAVAL BASE SAN DIEGO COMPLEX 

ORDER NO. R9-2013-0064 
NPDES NO. CA0109169 

Table F-30. SAL Calculations for Zinc in Discharges of Storm 
Water to Chollas Creek. 

Acute;j Chronic;j 

Criteria (1-Jg/L) 1 419 419 
Dilution Credit No Dilution No Dilution 

ECA 419 419 
ECA Multiplier 0.321 0.527 
LTA 135 221 
AMEL Multiplier (95th%) 1.55 2 

AMEL (j..ig/L) 210 .2 

MDEL Multiplier (99th%) 3.11 2 

MDEJ,. (j..ig/L) 42o.·· 2 

Chollas TMDL WLA 

Limitations based on chronic LTA (Chronic L TA <Acute L TA) 
If a site-specific and chemical-specific WER is incorporated into the San Diego Basin Plan, this SAL 
will be multiplied by the appropriate WER. 

4. Storm Water Action Levels (SAL) Requirements 

a. The flow weighted average concentration of all discharges from Discharge 
Point Nos. NBSD-068, NBSD-070, NBSD-071, NBSD-120, and NBSD-
121shall not exceed the SALs listed in Table F-31 as of October 22, 2018, at 
which time the SALs listed in Table F-31 will be prescribed in the NPDES 
Permit as numerical effluent limits and the final WLAs for Chollas Creek 
prescribed as SALs. Samples can be collected from all points and a flow 
weighted average can be used to compare with the SAL. This will allow 
BMPs to be implemented at the most advantageous locations. Exceedances 
of a SAL are not violations of this Order. However, failure to evaluate and/or 
improve BMPs between wet seasons if SALs are not met is a violation of this 
Order. 

T bl F 31 S a e - torm water A" ct1on L 1 f o· h eves or ISC arges t Ch II C 0 o as ree k 
Action Levels 

Parameter 
Units Average Weekly Maximum Instantaneous Instantaneous 

Monthly1 Average Daily Minimum 
Priority Pollutants 
Copper, Total 

1-Jg/L 27 -- 54 --
Recoverable 
Lead, Total 

1-Jg/L 16 -- 33 --
Recoverable 
Zinc, Total 

1-Jg/L 210 -- 420 --
Recoverable 

.. . . 
If a s1te-spec1f1c and chem1cal-spec1f1c WER IS Incorporated 1nto the San D1ego Basin Plan, these SALs Will be 
multiplied by the appropriate WER. 
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b. The Discharger is required to develop and implement a Storm Water Action 
Level Plan (SAL Plan) to achieve the SALs by 2018. The TMDL requires 
compliance with the SALs by 2018; therefore numeric effluent limitations will 
be established and replace action levels in an NPDES permit at that time. 

The "San Diego Bay Watershed Urban Runoff Management Program 2009-
2010 Annual Report" contains a table titled "Chollas Creek Dissolved Metals 
TMDL Implementation Plans Updates." This table has a section titled "United 
States Navy Watershed Activities Reporting Phase I of the Chollas Creek 
Dissolved Metals TMDL Implementation Plan." The Navy has three activities; 
an Evaluation and Minimization Plan for Copper and Zinc in Storm Water, an 
MS4 Storm Water Management Plan, and a Creek Trash Removal Program. 
These activities are not adequate to achieve compliance with the TMDL so a 
new SAL Plan is required by the Order. 

The initial plan submitted by 12 months form the effective date of this Order is 
expected to be a rough plan with some short term actions with clear 
implementation dates and longer term actions with dates that may change 
over time. The SAL Plan shall include identification of the sources of copper, 
lead, and zinc in storm water discharges, as well as source control BMPs to 
be implemented, Low Impact Development (LID) BMPs to be implemented, 
and treatment control BMPs to be implemented. The SAL Plan shall also 
identify funding mechanisms and a time schedule for BMP implementation. 
The SAL Plan will be updated each year in the annual storm water report 
required by the MRP to incorporate changes and refinements in the plan from 
year to year. The annual storm water report updates should also show 
measureable progress towards meeting the SALs in the form of decreasing 
metals concentrations or iterative BMP implementation. If SALs are not met 
in one wet season, the discharger shall reevaluate existing BMPs and 
enhance or improve as needed. The SAL Plan shall affirmatively augment 
and implement all necessary storm water controls and measures to reduce 
the discharge of the associated class of pollutants(s) to levels below the 
SALs. Failure to take action between wet seasons if SALs are exceeded is a 
violation of this Order. 

H. Industrial Storm Water Discharge Specifications 

1. Pollutant Reduction to BAT/BCT. NPDES Permits for storm water discharges 
must meet all applicable provisions of Sections 301 and 402 of the CWA. These 
provisions require control of pollutant discharges using BAT and BCT to prevent 
and reduce pollutants and any more stringent controls necessary to meet water 
quality standards. 
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2. Storm Water Pollution Prevention Plan (SWPPP) for Industrial Areas. Prior 
to the adoption of Order No. 2002-0169, the storm water discharges at the 
Facility were regulated by the State Water Board's General Order for Discharges 
of Storm Water Associated with industrial Activities Excluding Construction 
Activities (Order No. 97-03-DWQ, NPDES No. CAG000001). To carry out the 
purpose and intent of the CWA, Order No. 97-03-DWQ and subs.equently Order 
No. R9-2002-0169 required the Discharger to develop and implement a SWPPP, 
as authorized by CWA section 304(e) and section 402(p), for toxic pollutants and 
hazardous substances, and for the control of storm water discharges. Consistent 
with Order No. 97-03-DWQ and Order No. R9-2002-0169, this Order requires the 
Discharger to continue to implement and regularly update an adequate SWPPP 
as specified in Attachment G. This is explained in more detail in section IV.B.2.f 
of this Fact Sheet. 

3. Numeric Action Levels (NALs). Consistent with the direction of the State 
Water Board, this Order establishes NALs based on USEPA's benchmarks with a 
tiered compliance strategy. This is explained in more detail in section IV.B.2.f of 
this Fact Sheet. 

I. Non-Storm Water Discharge Specifications 

Discharge Specifications for the discharge of exempted non-storm water discharges 
are based on the requirements of 40 CFR 122.26(d). These discharge 
specifications exempt the discharge of certain wastes from prohibition that are not 
currently expected to be a significant source of pollutants to the receiving waters. 

V. RATIONALE FOR RECEIVING WATER LIMITATIONS 

A. Surface Water 

Receiving Water Limitations in this Order are derived from the water quality 
objectives for bays and estuaries established by the Basin Plan (1994), the Bays 
and Estuaries Policy (1974), the California Toxics Rule (2000), the State 
Implementation Policy (2005), and the Sediment Quality Plan (2008). San Diego 
Bay is listed as impaired for sediment toxicity and benthic community in the area 
directly off shore of the facility. The facility will need a Time Schedule Order to meet 
some of the effluent limitations for steam condensate and caisson gate ballast 
dewatering. This 303(d) impairment and elevated effluent concentrations 
demonstrates that there is reasonable potential to cause or contribute to an 
exceedance of the sediment quality objectives which have been included as 
receiving water limitations. 

B. Groundwater 

[Not Applicable] 

Attachment F - Fact Sheet F-82 



UNITED STATES DEPARTMENT OF THE NAVY 
NAVAL BASE SAN DIEGO COMPLEX 

ORDER NO. R9-2013-0064 
NPDES NO. CA0109169 

VI. RATIONALE FOR MONITORING AND REPORTING REQUIREMENTS 

40 CFR section 122.48 requires that all NPDES permits specify requirements for 
recording and reporting monitoring results. Water Code sections 13267 and 13383 
authorizes the San Diego Water Board to require technical and monitoring reports. The 
Monitoring and Reporting Program (MRP), Attachment E of this Order, establishes 
monitoring and reporting requirements to implement federal and state requirements. 
The following provides the rationale for the monitoring and reporting requirements 
contained in the MRP for this facility. 

A. Industrial Storm Water Monitoring Location Study and Annual Report 

In order to determine compliance with effluent limitations and evaluate the 
effectiveness of BMPs specified in the SWPPP, this order establishes monitoring 
requirements for industrial storm water. The San Diego Water Board recognizes 
that establishing monitoring requirements at all discharge locations would be 
redundant and an inefficient use of resources. Monitoring is only necessary at 
representative discharge locations for industrial storm water. This directive requires 
the discharger to identify representative monitoring locations for these discharges, 
and verify these monitoring locations annually. 

B. Influent Monitoring 

Influent monitoring has been established for the intake/source water for USN 
Graving Dock deflooding water and salt water rinse water, caisson gate ballast 
dewatering, emergency fire suppression water, and salt water supply water for total 
recoverable copper so that intake credits may be appropriately applied to discharges 
from the USN Graving Dock. 

C. Effluent Monitoring 

Pursuant to the requirements of 40 CFR §122.44(i)(2) effluent monitoring is required 
for all constituents with effluent limitations. Effluent monitoring is necessary to 
assess compliance with effluent limitations, assess the effectiveness of BMPs and 
pollution prevention plans, and to assess the impacts of the discharge on the 
receiving water. 

1. Steam Condensate Monitoring (Monitoring Locations SC~001 through SC-
175) 

a. Annual effluent flow monitoring has been revised to monthly to more 
accurately determine the volume of effluent being discharged from the Facility 
into the San Diego Bay. 
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b. Annual effluent monitoring of total suspended solids has been revised to 
quarterly in order to better characterize the discharge of steam condensate 
from the Facility into the San Diego Bay. 

c. Annual effluent monitoring for oil and grease, settleable solids, turbidity, and 
pH has been revised to quarterly in order to determine compliance with 
effluent limitations based on Table A of the Ocean Plan 

d. Annual monitoring for temperature in the steam condensate discharges has 
been revised to quarterly to determine the effects of the discharge to the 
beneficial uses of the San Diego Bay. 

e. Quarterly monitoring using grab samples for copper, lead, mercury, and zinc 
is required to determine compliance with the applicable effluent limitations. 

f. Monitoring once in Year One and once in Year Five of steam condensate 
discharges for the remaining CTR priority pollutants has been included to 
determine if reasonable potential exists for the discharges to exceed water 
quality criteria, as specified in section 1.3 of the SIP. Monitoring for arsenic, 
cadmium, chromium, nickel, and silver are included in this annual CTR 
monitoring and are no longer specified individually in the MRP. 

g. Monitoring once per year for steam condensate discharges for chronic toxicity 
has been included to determine compliance with the applicable chronic 
toxicity effluent limitation, as specified in this Order. 

h. Consistent with Order No. R9-2002-0169, this Order requires the Discharger 
to submit a log of chemicals added to the steam boiler annually. 

2. Graving Dock Deflooding Water and Salt Water Rinse Water (Monitoring 
Location Nos. NGD-001 and NGD-002) 

a. Daily Flow monitoring has been established (increased from annually) so that 
the volume of effluent being discharged from the Facility into the San Diego 
Bay can be determined and the approximate amount of pollutants discharged 
can be accurately calculated. 

b. Quarterly monitoring for oil and grease, settleable solids, turbidity, pH, copper 
has been established to determine compliance with applicable effluent 
limitations. 

c. Quarterly monitoring for temperature has been established to characterize the 
discharge. 
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d. Annual monitoring for tributyltin and the remaining CTR priority pollutants has 
been established to evaluate reasonable potential for the discharge to exceed 
water quality objectives/criteria in future permitting efforts as specified in 
section 1.3 of the SIP. 

e. Annual monitoring for chronic toxicity has been included to determine 
compliance with chronic toxicity effluent limitations, as specified in this Order. 

3. Caisson Gate Ballast Dewatering (Monitoring Location No. NGD-003) 

a. Daily effluent flow monitoring has been established (increased from annually) 
so that the volume of effluent being discharged from the Facility into the San 
Diego Bay can be determined and the approximate amount of pollutants 
discharged can be accurately calculated. 

b. Annual monitoring requirements for total suspended solids, oil and grease, 
turbidity, settleable solids, pH, and temperature from MRP No. R9-2003-0265 
have been carried over. 

c. Annual monitoring for cadmium, copper, nickel, silver, and zinc have been 
included to determine compliance with effluent limitations contained in the 
Order. 

d. Annual monitoring for tributyltin and the remaining CTR priority pollutants has 
been established to evaluate reasonable potential for the discharge to exceed 
water quality objectives/criteria in future permitting efforts as specified in 
section 1.3 of the SIP. Monitoring for lead, mercury, and PAHs are included 
under the requirement to monitor for the remaining CTR Priority Pollutants. 

e. Annual monitoring for chronic toxicity has been included to determine 
compliance with chronic toxicity effluent limitations, as specified in this Order. 

4. Emergency Fire Suppression Water and Salt Water Supply Water 
(Monitoring Location No. NGD-004) 

a. Daily effluent flow monitoring has been established (increased from annually) 
so that the volume of effluent being discharged from the Facility into the San 
Diego Bay can be determined and the approximate amount of pollutants 
discharged can be accurately calculated. 

b. Annual monitoring requirements for total suspended solids, oil and grease, 
turbidity, settleable solids, pH, and temperature from MRP No. R9-2003-0265 
have been carried over. 

c. Annual monitoring for copper, nickel, silver, and zinc have been included to 
determine compliance with effluent limitations contained in the Order. 
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d. Annual monitoring for the tributyltin and the remaining CTR priority pollutants 
has been established to evaluate reasonable potential for the discharge to 
exceed water quality objectives/criteria in future permitting efforts as specified 
in section 1.3 of the SIP. Monitoring for lead, mercury, and PAHs are 
included under the requirement to monitor for the remaining CTR Priority 
Pollutants. 

e. Monitoring once Year One and Year Five of the permit term for chronic 
toxicity has been included to determine compliance with chronic toxicity 
effluent limitations and to evaluate reasonable potential, as specified in this 
Order. 

5. Pier Boom, Fender, and Mooring Cleaning Monitoring (Monitoring Location 
BC-001) 

a. Annual effluent flow monitoring has been established to determine the volume 
of effluent being discharged from the Facility into the San Diego Bay. 

b. Table A of the Ocean Plan includes technology-based requirements for oil 
and grease, settleable solids, turbidity, and pH. In order to determine the 
effectiveness of the BMPs, annual monitoring for the Table A parameters is 
established in this Order. 

c. Monitoring data submitted by the Discharger for pier boom, fender, and 
mooring cleaning indicates that the discharge has the reasonable potential to 
exceed water quality criteria for copper, benzo (b) fluoranthene, benzo (k) 
fluoranthene, and chrysene. Annual monitoring using grab samples is 
required to determine the effectiveness of the Discharger's BMPs. 

d. Monitoring once in Year One and once in Year Five of pier boom, fender, and 
mooring cleaning discharges for the remaining CTR priority pollutants has 
been included to determine if reasonable potential exists for the discharges to 
exceed water quality criteria, as specified in section 1.3 of the SIP. 

e. Monitoring once in the five year permit cycle of pier boom, fender, and 
mooring cleaning discharges for acute and chronic toxicity has been included 
to determine if reasonable potential exists for the discharges to exceed the 
water quality criteria, as specified in this Order. 

f. Consistent with Order No. R9-2002-0169, this Order requires the Discharger 
to submit a log of pier boom, fender, and mooring activity annually. 
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6. Utility Vault and Manhole Dewatering Monitoring (Monitoring Locations UV-
001 through UV-012) 

a. Annual effluent flow monitoring has been established to determine the volume 
of effluent being discharged from the Facility into the San Diego Bay. 

b. Annual effluent monitoring of total petroleum hydrocarbons, oil and grease, 
pH, and total suspended solids has been incorporated from State Water 
Board General Order No. 2006-008-DWQ to characterize the discharge of 
utility vault and manhole dewatering from the Facility into the San Diego Bay. 

c. Consistent with Order No. R9-2002-0169, this Order requires the Discharger 
to submit a log of the utility vault and manhole dewatering discharges 
annually. 

D. Whole Effluent Toxicity Testing Requirements 

As discussed above in section IV.C.5 of this Fact Sheet, chronic and acute toxicity 
effluent limitations established in this order are based on USEPA's TST method and 
percent effect. The chronic toxicity effluent limitations are replacing acute toxicity 
effluent limitations for industrial process wastewater discharges established in Order 
No R9-2002-0169 for NBSD and Order No R9-2003-0265 for the USN Graving 
Dock. Acute toxicity effluent limitations are maintained for industrial storm water 
discharges. Chronic and acute toxicity monitoring is required because there are 
effluent limitations. 

Past sampling of industrial storm water at the Facility shows the presence and 
reasonable potential for toxicity in the discharge of industrial storm water from the 
Facility. Survival rates reported by the Discharger for two storm water sampling 
events conducted in December 2006 and April 2007 range from 0 to 100 percent. In 
December 2009 and November 2008, the Discharger did not meet the effluent 
limitation of more than 70% survival more than 10% of the time. In November 2008, 
the Discharger did not meet the effluent limitation of more than 90% survival more 
than 50% of the time. 

This Order requires the Discharger to conduct additional toxicity testing for 
exceedances of the toxicity effluent limitations. If the additional tests demonstrate 
toxicity, the Discharger is required to submit a Toxicity Reduction Evaluation 
Workplan in accordance with USEPA guidance which shall include: further steps 
taken by the Discharger to investigate, identify, and correct the causes of toxicity; 
actions the Discharge will take to mitigate the effects of the discharge and prevent 
the recurrence of toxicity; and a schedule for these actions. This provision also 
includes requirements to conduct the TREffiE process in accordance with the 
workplan if the results of toxicity testing exceed the effluent limitation for toxicity. 
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E. Receiving Water Monitoring 

1. Water and Sediment Monitoring Plan 

The Discharger is required to submit a Water and Sediment Monitoring Plan 
within 12 months of the effective date of this Order. The Water and Sediment 
Monitoring Plan has all the elements required by the Sediment Quality Plan 
which became effective on August 25, 2009 to be implemented for both water 
and sediment for consistency. A conceptual model, existing data, and ongoing 
monitoring will be considered in the development of the Water and Sediment 
Monitoring Plan. 

2. Surface Water 

a. Monitoring of the receiving water is necessary to determine if the discharges 
from the Facility are impacting the San Diego Bay, applicable beneficial uses, 
and aquatic life. 

b. Monitoring locations will be determined in the Water and Sediment Monitoring 
Plan. 

c. Annual monitoring of cadmium, copper, mercury, nickel, and zinc in the San 
Diego Bay has been established to determine compliance with receiving 
water limitations and to help determine reasonable potential, as specified in 
section 1.3 of the SIP, for future permitting efforts. 

d. Annual temperature monitoring has been established in order to determine 
compliance with the effluent limitations for temperature for discharges of 
steam condensate. 

e. Monitoring once during the permit cycle for the CTR priority pollutants has 
been added to help determine reasonable potential, as specified in section 
1.3 of the SIP, for future permitting efforts and provide data to help determine 
long-term trends in receiving water quality. 

3. Sediment Monitoring 

a. This Order establishes monitoring and analysis requirements consistent with 
the Sediment Quality Plan. 

b. Monitoring locations will be determined in the Water and Sediment Monitoring 
Plan. 

c. Sediment Chemistry, Toxicity, and Benthic Community Condition: Sediment 
chemistry, toxicity and benthic community monitoring are required in 
accordance with, at a minimum, the requirements under the Sediment Quality 
Control Plan. 
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4. Monitoring Coalitions. 

To achieve maximum efficiency and economy of resources, the San Diego Water 
Board encourages and may require San Diego Bay dischargers to establish or 
join a San Diego Bay water body monitoring coalition. Monitoring coalitions 
enable the sharing of technical resources, trained personnel, and associated 
costs and create an integrated water and sediment monitoring program within 
each water body. Focusing resources on water body issues and developing a 
broader understanding of pollutants effects in these water bodies enables the 
development of more rapid and efficient response strategies and facilitates better 
management of water and sediment quality. 

5. Water and Sediment Monitoring Report 

The Discharger or water body monitoring coalition is required to submit a Water 
and Sediment Monitoring Report at least twice during a permit cycle in 
accordance with the schedule contained in the Water and Sediment Monitoring 
Plan unless otherwise directed in writing by the San Diego Water Board. 
Receiving water sampling will be done annually and sediment sampling will be 
done at least twice during the term of this Order, so two reports during a permit 
cycle will allow more samples to be collected and reported in one report. 

F. Other Monitoring Requirements 

1. The discharge of industrial contact storm water to San Diego Bay may contain 
pollutants from the surrounding area which could contribute to the exceedance of 
the water quality criteria/objectives of the receiving waters. Industrial storm water 
monitoring requirements have been retained from Order No. R9-2002-0169 to 
determine the effects of storm water discharges on the receiving water and 
monitor the effectiveness of the SWPPP to meet applicable effluent limitations, 
numeric action levels and receiving water limits. 

2. Monitoring requirements for storm water discharges to Chollas Creek have been 
added to allow comparison of storm water samples to the SALs established to 
implement the Chollas Creek Metals TMDLs. Monitoring is required for 2 storms 
per year for copper, lead, and zinc. 

3. The discharger is required to submit a sampling plan for MS4 storm water 
discharges within 12 months of the effective date of this Order. A minimum of 
five representative monitoring locations must be identified to reduce the number 
of samples required. Sampling and analysis is required twice per year for storm 
water and twice per year for dry-weather. 

4. Monitoring requirements for graving dock deflooding water discharges have been 
updated to reflect modern technology and carried over from MRP No. R9-2003-
0265 to ensure that appropriate BMPs are properly implemented. 
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5. Monitoring requirements for spill and illicit discharges have been carried over 
from MRP No. R9-2003-0265 to help determine the effectiveness of the BMP 
Plan and ensure that appropriate BMPs are properly implemented. 

6. The requirement for a Chemical Utilization Audit from MRP No. R9-2003-0265 
has not been retained and instead chemical information will be obtained through 
the California Environmental Reporting System (CERS). CERS is a publically 
accessible statewide web-based system used to electronically collect and report 
Emergency Planning and Community Right-to-Know Act (EPCRA) hazardous 
chemical storage information and various hazardous materials data as mandated 
by the California Health and Safety Code and AB 2286. The discharger will be 
using CERS to submit all business information regarding hazardous material 
regulatory activities, chemical inventories, underground and aboveground 
storage tanks, hazardous waste generation as well as emergency contact 
information. 

VII. RATIONALE FOR PROVISIONS 

A. Standard Provisions 

Standard Provisions, which apply to all NPDES permits in accordance with 40 CFR 
section 122.41, and additional conditions applicable to specified categories of 
permits in accordance with 40 CFR section 122.42, are provided in Attachment D. 
The Discharger must comply with all standard provisions and with those additional 
conditions that are applicable under 40 CFR section 122.42. 

40 CFR section 122.41(a)(1) and (b) through (n) establish conditions that apply to all 
State-issued NPDES permits. These conditions must be incorporated into the 
permits either expressly or by reference. If incorporated by reference, a specific 
citation to the regulations must be included in the Order. Section 123.25(a)(12) 
allows the state to omit or modify conditions to impose more stringent requirements. 
In accordance with section 123.25, this Order omits federal conditions that address 
enforcement authority specified in sections 122.41 U)( 5) and (k)(2) because the 
enforcement authority under the Water Code is more stringent. In lieu of these 
conditions, this Order incorporates by reference Water Code section 13387(e). 

B. Monitoring and Reporting Program (MRP) Requirements 

Language in this section requires the Discharger to properly implement and submit 
self-monitoring reports (SMRs) to the San Diego Water Board and Discharge 
Monitoring Reports (DMRs) for USEPA to the State Water Board. Addresses, 
telephone and fax numbers are also provided. The San Diego Water Board office 
may be relocated. Dischargers will be notified of new contact information. 
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C. Special Provisions 

1. Reopener Provisions 

This Order includes a list of circumstances when the Order may be reopened. 

2. Special Studies and Additional Monitoring Requirements 

The TRE/TIE requirements have been moved to the MRP. 

3. Best Management Practices and Pollution Prevention 

a. Best Management Practices and Pollution Prevention Plan for Utility 
Vault and Manhole Dewatering Discharges (Utility Vault PLAN). As 
discussed in sections IV.B.2.b and IV.C.4.a of this Fact Sheet, the San Diego 
Water Board finds that numerical effluent limitations are not feasible for 
discharges from utility vault and manhole dewatering discharges. Federal 
Regulations at 40 CFR 122.44(k)(3) and (4) authorize the San Diego Water 
Board to require BMPs to control or abate the discharge of pollutants when 
numeric effluent limitations are infeasible and when the practices are 
reasonably necessary to achieve effluent limitations and standards or to carry 
out the purposes and intent of the CWA. 

The development of a PPP provides the flexibility necessary to establish 
controls which can appropriately address the various utility vault and manhole 
dewatering discharges. The pollution prevention practices have two major 
objectives: 

1. To identify situations which allow water to collect in the vault or 
underground structure and lead to a discharge; and 

ii. To describe and ensure the implementation of practices that will reduce 
pollutants in the discharge from normal operations of utility companies. 

Similar to BMPs, pollution prevention practices are designed to prevent or 
control the discharge of pollutants. They may include a schedule of activities, 
prohibition of practices, maintenance procedures, or other management 
practices. The Best Management Practices and Pollution Prevention 
Practices Plan for Utility and Manhole Dewatering Discharges (Utility Vault 
PLAN) is a written document that describes the operator's activities to comply 
with the requirements of this Order. The Utility Vault PLAN is intended to 
evaluate potential pollutant sources at the site and select and implement 
appropriate measures designed to prevent or control the discharge of 
pollutants. Order No. R9-2002-0169 incorporated the pertinent requirements 
of Order No. 2001-11-DWQ, including the requirement to develop and 
implement a Utility Vault PLAN that included BMPs to achieve BAT and BCT. 
According to the Case Study for Utility Vault and Manhole Dewatering 
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Discharges at Naval Base Point Lama, Naval Base San Diego, and Naval 
Base Coronado submitted by the Discharger in May 2007, the Discharger has 
maintained and implemented the Pollution Prevention Plan for Utility Vault 
Dewatering Discharges as required by Order No. R9-2002-0169, which 
describes the types of discharges, prohibited discharges, pollution prevention 
practices and BMPs, and monitoring and inspections of utility vault and 
manhole discharges. Additionally, the case study states that the Discharger 
has implemented procedures to eliminate manhole dewatering discharges to 
surface waters and either pumps the water into an adjacent utility manhole or 
transfers the water to the sanitary sewer system. However, the Discharger 
acknowledges the potential for rare emergency situations that would require 
dewatering of a utility vault or manhole onto the ground surface. 

Order No. 2006-0008-DWQ includes additional specifications for PPPs for 
Utility and Manhole Dewatering Discharges for dischargers of utility and 
manhole dewatering discharges. This Order incorporates the additional 
specifications from Order No. 2006-0008-DWQ. The Discharger is required 
to maintain and implement their Utility Vault PLAN in accordance with the 
requirements of Provision VI.C.3.a of this Order. For assistance in 
developing the Utility Vault PLAN, the Discharger may refer to the California 
Storm water BMP Handbook- Industrial/Commercial (January 2003 Edition), 
published by the California Stormwater Quality Association, which includes 
references the Discharger may find useful. 

b. BMP Plan for Pier Boom, Fender, and Mooring Cleaning Discharges, and 
Graving Dock Pre-flood Cleaning, and Weight Testing Water. Due to the 
nature of activities associated with discharges from pier boom, fender, and 
mooring cleaning, weight testing water, and operations at the USN Graving 
Dock, it is impractical to collect and treat the associated wastewaters prior to 
discharge. The San Diego Water Board finds that it is not feasible to 
establish numeric effluent limitations for pollutants in discharges from pier 
boom, fender, and mooring cleaning and weight testing water. In accordance 
with 40 CFR 122.44(k)(3) and (4), the San Diego Water Board finds that the 
implementation of BMPs in lieu of numeric effluent limitations are appropriate. 
Further, the San Diego Water Board finds that the implementation of BMPs 
are necessary to achieve effluent limitations established for the USN Graving 
Dock, and carries over the requirement for a BMP plan, based on the 
requirements from Order No. R9-2003-0265. 

This Order requires the Discharger to develop and implement a BMP Plan 
that includes, at a minimum, the requirements contained in Attachment I to 
prevent, or minimize the potential for, the release of pollutants to waters of the 
State and waters of the United States. 
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c. BMP Plan for Seawater Cooling Overboard Discharges. USEPA's Vessel 
General Permit determined that numeric effluent limitations were infeasible for 
many vessel discharges. While the Vessel General Permit is not applicable 
to this Order it is appropriate to incorporate BMP requirements for discharges 
of Seawater Cooling Overboard Discharges (Including Non-Contact Engine 
Cooling Water; Hydraulic System Cooling Water, Refrigeration Cooling 
Water) consistent with the Vessel General Permit. This Order requires that 
adequate BMPs for vessel cooling water discharges are incorporated into the 
BMP Plan. 

d. CWC section 13263.3(d)(2) Pollution Prevention Plans. Section 13263.3 of 
the California Water Code states that pollution prevention should be the first 
step in the hierarchy for reducing pollution and managing wastes. Further, 
section 13263.3 (d)(1 )(D) states that a Regional Water Board may require a 
Discharger to complete and implement a PPP if the Regional Water Board 
determines that pollution prevention is necessary to achieve a water quality 
objective. The results of the RPAs detailed in Table F-1 0 of this Fact Sheet 
indicate the Discharger has the reasonable potential to exceed water quality 
objectives for cadmium, copper, lead, mercury, nickel, silver, and zinc, and 
that pollution prevention is necessary to achieve water quality objectives for 
these constituents. The Discharger is required to prepare and implement a 
Pollution Prevention Plan for steam condensate discharges (Discharge Point 
Nos. SC-001 through SC-175) for copper, lead, mercury, zinc; and USN 
Graving Dock deflooding water and salt water rinse water (Discharge Point 
Nos. NGD-001 and NGD-002) for copper; for caisson ballast dewatering 
(Discharge Point Nos. NGD-003) for cadmium, copper, nickel, silver, and 
zinc; and fire suppression water and salt water supply water (Discharge Point 
No. NGD-004) for copper, nickel, silver, and zinc. 

e. The PPP shall, at a minimum, meet the requirements outlined in CWC section 
13263.3(d)(2) in this Order, for each applicable discharge. The minimum 
requirements for the PPPs include the following: 

1. An analysis of one or more of the pollutants, as directed by the State 
Water Board, a San Diego Water Board, or a POTW, that the Facility 
discharges into water or introduces into POTWs, a description of the 
sources of the pollutants, and a comprehensive review of the processes 
used by the discharger that result in the generation and discharge of the 
pollutants. 

ii. An analysis of the potential for pollution prevention to reduce the 
generation of the pollutants, including the application of innovative and 
alternative technologies and any adverse environmental impacts resulting 
from the use of those methods. 
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iii. A detailed description of the tasks and time schedules required to 
investigate and implement various elements of pollution prevention 
techniques. 

iv. A statement of the Discharger's pollution prevention goals and strategies, 
including priorities for short-term and long-term action. 

v. A description of the Discharger's existing pollution prevention methods. 

vi. A statement that the Discharger's existing and planned pollution 
prevention strategies do not constitute cross media pollution transfers 
unless clear environmental benefits of such an approach are identified to 
the satisfaction of the State Water Board, the San Diego Water Board, or 
the POTW, and information that supports that statement. 

vii. Proof of compliance with the Hazardous Waste Source Reduction and 
Management Review Act of 1989 (Article 11.9 (commencing with Section 
25244.12) of Chapter 6.5 of Division 20 of the Health and Safety Code) if 
the Discharger is also subject to that act. 

viii. An analysis, to the extent feasible, of the relative costs and benefits of the 
possible pollution prevention activities. 

ix. A specification of, and rationale for, the technically feasible and 
economically practicable pollution prevention measures selected by the 
Discharger for implementation. 

4. Construction, Operation, and Maintenance Specifications 

The construction, operation, and maintenance specifications have been retained 
from Order No. R9-2002-0169. 

5. Other Special Provisions - Not Applicable 

VIII.PUBLIC PARTICIPATION 

The San Diego Water Board is considering the issuance of WDRs that will serve as a 
NPDES permit for the United States Department of the Navy, Naval Base San Diego 
Complex. As a step in the WDR adoption process, the San Diego Water Board staff 
has developed tentative WDRs. The San Diego Water Board encourages public 
participation in the WDR adoption process. 
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A. Notification of Interested Parties 

The San Diego Water Board has notified the Discharger and interested agencies 
and persons of its intent to prescribe waste discharge requirements for the discharge 
and has provided them with an opportunity to submit their written comments and 
recommendations. Notification was provided through the following: Published in the 
San Diego Union-Tribune on Friday, June 7, 2013, posted on the San Diego Water 
Board website on Friday, June 7, 2013, and sent by mail on Friday, June 7, 2013. 

B. Written Comments 

The staff determinations are tentative. Interested persons were invited to submit 
written comments concerning these tentative WDRs. Comments were required to 
be submitted either in person or by mail to the Executive Office at the San Diego 
Water Board at the address above on the cover page of this Order. 

To be fully responded to by staff and considered by the San Diego Water Board, 
written comments were required to be received at the San Diego Water Board 
offices by 5:00p.m. on Monday, July 8, 2013. 

C. Public Hearing 

The San Diego Water Board held a public hearing on the tentative WDRs during its 
regular Board meeting on the following date and time and at the following location: 

Date: 
Time: 
Location: 

August 14, 2013 
9:00A.M. 
Regional Water Quality Control Board, San Diego Region 
Board Meeting Room 
9174 Sky Park Court, Suite 100 
San Diego, CA 92123 

Interested persons were invited to attend. At the public hearing, the San Diego 
Water Board heard testimony, if any, pertinent to the discharge, WDRs, and permit. 
Oral testimony was heard; however, for accuracy of the record, important testimony 
was requested to be provided in writing. 
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D. Waste Discharge Requirements Petitions 

Any aggrieved person may petition the State Water Resources Control Board to 
review the decision of the San Diego Water Board regarding the final WDRs. The 
petition must be submitted within 30 days of the San Diego Water Board's action to 
the following address: 

State Water Resources Control Board 
Office of Chief Counsel 
P.O. Box 100, 1001 I Street 
Sacramento, CA 95812-0100 

E. Information and Copying 

The Report of Waste Discharge (RWD), related documents, tentative effluent 
limitations and special provisions, comments received, and other information are on 
file and may be inspected at the San Diego Water Board' s address above at any 
time between 8:30a.m. and 4:45p.m., Monday through Friday. Copying of 
documents may be arranged through the San Diego Water Board by calling (858) 
467-2952. 

F. Register of Interested Persons 

Any person interested in being placed on the mailing list for information regarding 
the WDRs and NPDES permit should contact the San Diego Water Board, reference 
this facility, and provide a name, address, and phone number. 

G. Additional Information 

Requests for additional information or questions regarding this Order should be 
directed to Ben Neill at (858) 467-2952 or email: bneill@waterboards.ca.gov or to 
Kristin Schwall at (858) 467-2345 or kschwall@waterboards.ca.gov. 
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ATTACHMENT G- STORM WATER POLLUTION PREVENTION PLAN (SWPPP) 
REQUIREMENTS FOR INDUSTRIAL AREAS 

I. IMPLEMENTATION SCHEDULE 

The Discharger shall continue to implement the existing storm water pollution prevention 
plan (SWPPP) for all storm water outfalls from the Facility regulated by Order No. R9-2002-
0169 and Order No. R9-2003-0265 until the Discharger has fully completed the 
implementation of the Storm Water Management Program Requirements specified in 
section IV.F.2 of the Order. Following full compliance with section IV.F.2 of the Order, the 
Discharger may phase out coverage of areas designated as "Small MS4 Area", as defined 
in section IV.F.2 of the Order that are adequately addressed under the Storm Water 
Management Program (SWMP). All storm water outfalls from the Facility are subject to 
either the SWPPP or the SWMP. 

The Discharger shall implement any necessary revisions to its SWPPP to comply with the 
requirements of this Order within 1 year of the effective date of this Order. 

II. SWPPP OBJECTIVES 

A. The Discharger's SWPPP shall be prepared to achieve these objectives: 

1. To reduce or prevent the discharge of pollutants from industrial activities to the 
technology -based standards of best available technology economically achievable 
(BAT) for toxic and non-conventional pollutants, and best conventional pollutant 
control technology (BCT) for conventional pollutants; 

2. To achieve compliance with the Receiving Water Limitations in section V of this 
Order; 

3. To identify and evaluate sources of pollutants associated with industrial activities 
that may affect the quality of the Facility's industrial storm water discharges and 
authorized non-storm water discharges; 

4. To identify, describe, and implement site-specific Best Management Practices 
(BMPs) to reduce or prevent pollutants associated with industrial activities in storm 
water discharges and authorized non-storm water discharges; and 

5. To identify and implement timely revisions and/or updates to the SWPPP. 
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B. To achieve the SWPPP objectives, the Discharger shall prepare a written Facility
specific SWPPP in accordance with all applicable SWPPP requirements of this 
attachment. The SWPPP shall include all required maps, descriptions, schedules, 
checklists, and relevant copies or specific references to other documents that satisfy the 
requirements of this attachment. The typical development and implementation steps 
necessary to achieve the described objectives are summarized in Item A-2, located at 
the end of this attachment. 

Ill. PLANNING AND ORGANIZATION 

A. SWPPP Checklist 

The SWPPP shall include a SWPPP Checklist (Example checklist is included as Item A-
1 below) located at the end of this section. For each requirement listed, the Discharger 
shall identify the page number where the requirement is located in the SWPPP (or the 
title, page number, and location of any reference documents), the implementation date 
or last revision date, and any SWPPP requirements that may not be applicable to the 
Facility. 

B. Pollution Prevention Team 

1. The SWPPP shall identify specific individuals and their positions within the Facility 
organization as members of a storm water pollution prevention team responsible for 
developing the SWPPP, assisting the Facility manager in SWPPP implementation 
and revision, and conducting all monitoring program activities required in Attachment 
E of this Order. 

2. The SWPPP shall clearly identify the responsibilities, duties, and activities of each 
team member. 

3. The SWPPP shall identify, as appropriate, alternative individuals to perform the 
required SWPPP and monitoring program activities when team members are 
temporarily unavailable (due to vacation, illness, out of town meetings, etc.). 

C. Review Other Requirements and Existing Facility Plans 

1. The SWPPP shall be developed, implemented, and revised as necessary to be 
consistent with any applicable municipal, State, and Federal requirement that 
pertains to the requirements of this Order. For example, a municipal storm water 
management agency may require specific BMP implementation activities. 
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2. The SWPPP may incorporate or reference the elements of the Discharger's existing 
plans, procedures, or regulatory compliance documents that contain storm water 
pollution control practices or otherwise relate to the requirements of this Order. For 
example, facilities subject to Federal Spill Prevention Control and Countermeasures' 
requirements should already have instituted a plan to control spills of certain 
hazardous materials, or facilities subject to regional air quality emissioh controls may 
already have evaluated industrial activities that emit dust or particulate pollutants. 

IV. SITE MAP 

The SWPPP shall include a site map. The site map shall be provided on an 8 Yz x 11 inch 
or larger sheet and include notes, legends, north arrow, and other data as appropriate to 
ensure that the site map is clear and understandable. If necessary, the Discharger may 
provide the required information on multiple site maps. The following information shall be 
included on the site map: 

A. Outlines of the Facility boundary, storm water drainage areas within the Facility 
boundary, and portions of any drainage area impacted by discharges from surrounding 
areas. Include the flow direction of each drainage area; on-site surface water bodies; 
areas of soil erosion; and location(s) of near-by water bodies (such as rivers, lakes, 
wetlands, etc.) or municipal storm drain inlets that may receive the Facility's storm water 
discharges and authorized non-storm water discharges. 

8. The location of the storm water collection and conveyance system, associated points of 
discharge, and direction of flow. Include any structural control measures that affect 
storm water discharges, authorized non-storm water discharges, and run-on. Examples 
of structural control measures are catch basins, berms, detention ponds, secondary 
containment, oil/water separators, diversion barriers, etc. 

C. The outline of all impervious areas of the Facility, including paved areas, buildings, 
covered storage areas, or other roofed structures. 

D. Locations where materials are directly exposed to precipitation and the locations where 
significant spills or leaks, identified in accordance with section VI.A.4 below, have 
occurred. 

E. Areas of industrial activity. Identify all storage areas and storage tanks, shipping and 
receiving areas, fueling areas, vehicle and equipment storage/maintenance areas, 
material handling and processing areas, waste treatment and disposal areas, dust or 
particulate generating areas, cleaning and reusing areas, and other areas of industrial 
activity which are potential pollutant sources. 

F. Identify the boundaries of the High Risk areas, Low Risk areas, No-Exposure areas, and 
non-industrial areas, as defined in section IV.B.1 of the Order. 
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V. LIST OF SIGNIFICANT MATERIALS 

The SWPPP shall include a list of significant materials handled and stored at the site. For 
each material on the list, the locations where the material is stored, received, shipped, and 
handled, as well as the typical quantities and frequencies, shall be described. The 
materials list shall include raw materials, intermediate products, final or finished products, 
recycled materials, and waste or disposed materials. 

VI. DESCRIPTION OF POTENTIAL POLLUTANT SOURCES 

A. For each area identified in section IV.E of this Attachment, the SWPPP shall include a 
narrative description of the Facility's industrial activities, potential pollutant sources, and 
potential pollutants that could be exposed to storm water or authorized non-storm water 
discharges. At a minimum, the following industrial activities shall be described as 
applicable: 

1. Industrial Processes 

Describe each industrial process including the manufacturing, cleaning, 
maintenance, recycling, disposal, or other activities related to the process. Include 
the type, characteristics, and approximate quantity of significant materials used in or 
resulting from the process. Areas protected by containment structures and the 
corresponding containment capacity shall be identified and described. 

2. Material Handling and Storage Areas 

Describe each handling and storage area including the type, characteristics, and 
quantity of significant materials handled or stored, description of the shipping, 
receiving, and loading procedures, and the spill or leak prevention and response 
procedures. Areas protected by a containment structure and the corresponding 
containment capacity shall be identified and described. 

3. Dust and Particulate Generating Activities 

Describe all industrial activities that generate dust or particulates that may be 
deposited within the Facility's boundaries. Include their discharge locations and the 
type, characteristics, and quality of dust and particulate pollutants that may be 
deposited within the Facility's boundaries. Identify the primary areas of the Facility 
where dust and particulate pollutants would settle. 
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Identify and describe materials that have spilled or leaked in significant quantities in 
storm water discharges or non-storm water discharges. Include toxic chemicals 
(listed in 40 CFR Part 302) that have been discharged to storm water as reported in 
USEPA Form R, and oil and hazardous substances in excess of reportable 
quantities (see40 CFR Parts 110,117, and 302). 

The description shall include the location, characteristics, and approximate quantity 
of the materials spilled or leaked, the cleanup or remedial actions that have occurred 
or are planned, the approximate remaining quantity of materials that may be 
exposed to storm water or non-storm water discharges; and the preventative 
measures taken to ensure spills or leaks of the material do no reoccur. 

5. Non-Storm Water Discharges 

a. The Discharger shall inspect the Facility to identify all non-storm water 
discharges, sources, and drainage areas. All drains (inlets and outlets) shall be 
evaluated to identify whether they connect to the storm drain system. 

b. All non-storm water discharges shall be described. The description shall include 
the source, quantity, frequency, and characteristics of the non-storm water 
discharges and associated drainage area and shall identify whether the 
discharge is an authorized or unauthorized non-storm water discharge in 
accordance with section XI. Examples of unauthorized non-storm water 
discharges are rinse and wash water (whether detergents are used or not, 
contact and non-contact cooling water, boiler blow-down, etc. 

6. Soil Erosion 

Describe the Facility locations where soil erosion may occur as a result of industrial 
activity, storm water discharges associated with industrial activity, or authorized non
storm water discharges. 

VII. ASSESSMENT OF POTENTIAL POLLUTANT SOURCES 

A. The SWPPP shall include a narrative assessment of all industrial activities and potential 
pollutant sources as described in accordance with section VI of this Attachment. To 
determine the likelihood that significant materials will be exposed to storm water or 
authorized non-storm water discharges, the assessment shall include consideration of 
the quantity, characteristics, and locations of each significant material handled, 
produced, stored, recycled, or disposed; the direct and indirect pathways that significant 
materials may be exposed to storm water or authorized non-storm water discharges; 
history of spills or leaks; non-storm water discharges; prior sampling; visual observation, 
and inspection records; discharges from adjoining areas; and the effectiveness of 
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existing BMPs to reduce or prevent pollutants in storm water discharges and authorized 
non-storm water discharges. At a minimum, the Discharger shall consider: 

1. The quantity, physical characteristics (liquid, powder, solid, etc.), and locations of 
each significant material handled, produced, stored, recycled, or disposed; 

2. The degree pollutants associated with those materials are exposed to and mobilized 
by contact with storm water; 

3. The direct and indirect pathways that pollutants may be exposed to storm water or 
authorized non-storm water discharges. This shall include an assessment of past 
spills or leaks, non-storm water discharges, and discharges from adjoining areas; 

4. Sampling, visual monitoring, and inspection records; and 

5. Effectiveness of existing BMPs to reduce or prevent pollutants in storm water 
discharges and authorized non-storm water discharges. 

B. Based upon the assessment above, the SWPPP shall identify any areas of industrial 
activity and corresponding pollutant sources where significant materials are likely to be 
exposed to storm water or authorized non-storm water discharges and where additional 
BMPs are necessary to reduce or prevent pollutants in storm water discharges and 
authorized non-storm water discharges. 

VIII.STORM WATER BEST MANAGEMENT PRACTICES 

A. The SWPPP shall include a narrative description of BMPs implemented at the Facility. 
The BMPs, when developed and implemented, shall be effective in reducing or 
preventing pollutants in storm water discharges and authorized non-storm water 
discharges. 

The BMPs narrative description shall include: 

1. The type of pollutants the BMPs are designed to reduce or prevent; 

2. The frequency, time(s) of day, or conditions when the BMPs are scheduled for 
implementation; 

3. The locations within each area of industrial activity or pollutant source where the 
BMPs shall be implemented; 

4. Identification of the person and/or position responsible for implementing the BMPs; 

5. The procedures, including maintenance procedures, and/or instructions to 
implement the BMPs; and 

6. The equipment and tools necessary to implement the BMPs. 
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B. The Discharger shall consider non-structural BMPs for implementation at the Facility. 
Non-structural BMPs generally consist of processes, prohibitions, procedures, training, 
schedule of activities, etc., that prevent pollutants associated with industrial activity from 
contact with storm water discharges and authorized non-storm water discharges. Below 
is a list of non-structural BMPs that shall be considered: 

1. Good Housekeeping 

Good housekeeping generally consists of practical procedures to maintain a clean 
and orderly facility. 

2. Preventative Maintenance 

Preventative maintenance includes regular inspection and maintenance of storm 
water structural controls (i.e., catch basins, oil/water separators, etc.) as well as 
other facility equipment and systems. 

3. Spill Response 

This includes spill clean-up procedures and necessary clean-up equipment based 
upon the quantities and locations of significant materials that may spill or leak. 

4. Material Handling and Storage 

This includes all procedures to minimize the potential for spills and leaks and to 
minimize exposure to significant materials to storm water and authorized non-storm 
water discharges. 

5. Employee Training Program 

This includes the development of a program to train personnel responsible for 
implementing the various compliance activities of this Order including BMPs 
implementation, inspections and evaluations, monitoring activities, and storm water 
compliance management. The training program shall include: 

a. A description of the training program and any training manuals or training 
materials; 

b. A discussion of the appropriate training frequency; 

c. A discussion of the appropriate personnel to receive training; 

d. A training schedule; and 

e. Documentation of all completed training classes and the personnel who received 
training. 
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6. Waste Handling/Recycling 

This includes the procedures or processes to handle, store, or dispose of waste or 
recyclable materials. 

7. Record Keeping and Internal Reporting 

This includes the procedures to ensure that all records of inspections, spills, 
maintenance activities, corrective actions, visual observations, etc., are developed, 
retained, and provided, as necessary to the appropriate Facility personnel. 

8. Erosion Control and Site Stabilization 

This includes a description of all sediment and erosion control activities. This may 
include the planting and maintenance of vegetation, diversion of run-on and runoff, 
placement of sandbags, silt screens, or other sediment control devices. 

9. Inspections 

Periodic visual inspections of the Facility are necessary to ensure that the SWPPP 
addresses any significant changes to the Facility's operations or BMP 
implementation procedures. 

a. A minimum of four quarterly visual inspections of all areas of industrial activity 
and associated potential pollutant sources shall be completed each reporting 
year. The annual comprehensive site compliance evaluation described in section 
IX may substitute for one of the quarterly inspections. 

b. Tracking and follow-up procedures shall be described to ensure appropriate 
corrective actions and/or SWPPP revisions are implemented. 

c. A summary of the corrective actions and SWPPP revisions resulting from 
quarterly inspections shall be reported in the annual report. 

d. Dischargers shall certify in the annual report that each quarterly visual inspection 
was completed. 

e. All corrective actions and SWPPP revisions shall be implemented in accordance 
with sections X.D and X. E. 

10. Quality Assurance 

This includes the management procedures to ensure that the appropriate staff 
adequately implements all elements of the SWPPP and Monitoring Program. 
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Where non-structural BMPs identified in section VIII.B above are not effective, structural 
BMPs shall be considered. Structural BMPs typically consist of structural devices that 
reduce or prevent pollutants in storm water discharges and authorized non-storm water 
discharges. Below is a list of structural BMPs that shall be considered: 

1. Overhead Coverage 

This includes structures that protect materials, chemicals, and pollutant sources from 
contact with storm water and authorized non-storm water discharges. 

2. Retention Ponds 

This includes basins, ponds, surface impoundments, bermed areas, etc., that do not 
allow storm water to discharge from the Facility. 

3. Control Devices 

This includes berms or other devices that channel or route run-on and runoff away 
from pollutant sources. 

4. Secondary Containment Structures 

This includes containment structures around storage tanks and other areas that 
collect any leaks or spills. 

5. Treatment 

This includes inlet controls, infiltration devices, oil/water separators, detention ponds, 
vegetative swales, etc., which reduce the pollutants in storm water discharges and 
authorized non-storm water discharges. 

D. The SWPPP shall include a summary identifying each area of industrial activity and 
associated pollutant sources, pollutants, and BMPs in a table similar to Item A-3 at the 
end of this attachment. 
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IX. ANNUAL COMPREHENSIVE SITE COMPLIANCE EVALUATION 

The Discharger shall conduct one comprehensive site compliance evaluation (evaluation) 
in each reporting period (July 1 -June 30). Evaluations shall be conducted no less than 8 
months from each other. The SWPPP shall be revised, as appropriate, and the revisions 
implemented within 90 days of the evaluation. Evaluations shall include the following: 

A. A review of all visual observation records, inspection records, and sampling and 
analysis results. 

B. A visual inspection of all areas of industrial activity and associated potential pollutant 
sources for evidence of, or the potential for, pollutants entering the drainage system. A 
visual inspection of equipment needed to implement the SWPPP. 

C. A review and evaluation of all BMPs, both structural and non-structural, for each area of 
industrial activity and associated potential pollutant sources to determine whether the 
BMPs are properly designed, implemented, and are effective in reducing and preventing 
pollutants in storm water discharges and authorized non-storm water discharges. 

D. An evaluation report that includes: 

1. Identification of personnel performing the evaluation, 

2. Date(s) of the evaluation, 

3. Summary and implementation dates of all significant corrective actions and SWPPP 
revisions for the reporting year, 

4. Schedule for implementing any incomplete corrective actions and SWPPP revisions, 

5. Any incidents of non-compliance and the corrective actions taken, and 

6. A certification that the Discharger has completed the quarterly inspections specified 
in section VIII.B.9, above and that the Discharger is complying with this Order. 

7. The evaluation report shall be submitted as part of the annual report, retained for at 
least 5 years, and signed and certified in accordance with Standard Provision V.B of 
Attachment D of this Order. 
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X. NUMERIC ACTION LEVELS (NALS) AND NUMERIC EFFLUENT LIMITATIONS (NELS) 

A. Numeric Action Levels (NALs) for all storm water discharges are appropriate numeric 
thresholds that allow a discharger to take corrective action when the Instantaneous 
Maximum or Annual Average NAL is exceeded. Exceedances of NAL values are not a 
violation of the Order. Dischargers that exceed one of the NAL values shall take the 
appropriate corrective action as set forth in section IV.F.3 of the Order. 

NALs are specified as follows: 

Table G-1 NALs for Storm Water 

PARAMETER TEST METHOD1 DETECTION REPORTING ANNUAL INSTANTANEOUS 
LIMIT UNITS NAL VALUE MAXIMUM NAL 

Field test with calibrated 

pH 
portable instrument, or lab 

pH units 6.0-9.0 6.0-9.0 
sample in accordance with 40 

CFR § 136. 
Suspended Solids EPA 160.2 SM2540-D or as 

1.0 mg/L 100 400 
(TSS), Total specified in 40 CFR 136.3. 

Oil & Grease (TOG), EPA 413.2 or EPA 1664 or 
1.0 mg/L 15 25 Total as specified in.40 CFR 136.3. 

Zinc, Total (H) 
EPA 200.8 or as specified in 

0.0005 mg/L 0.26 
3 

40 CFR 136.3. 

Copper, Total (H) See footnote 2 0.0005 mg/L 0.0332
3 

Lead, Total (H) 
EPA 200.8 or as specified in 

0.0005 mg/L 0.262 
3 

40 CFR 136.3. 

Chemical Oxygen SM 5220C or as specified in 
1.0 mg/L 120 Demand 40 CFR 136.3. 

Aluminum, Total (pH EPA 200.8 or as specified in 
0.0005 mg/L 0.75 6.5-9.0) 40 CFR 136.3. 

Iron, Total 
EPA200.8 or as specified in 

0.005 mg/L 1.0 40 CFR 136.3. 
Nitrate + Nitrite SM 4500-N03- E or as 

0.01 mg/L as N 0.68 Nitrogen specified in 40 CFR 136.3. 

Total Phosphorus 
SM 4500-P B+E or as 

0.05 mg/L asP 2.0 specified in 40 CFR 136.3. 

Ammonia 
SM 4500-NH3 B+ C or E or 

0.1 mg/L 2.14 
as specified in 40 CFR 136.3. 

Magnesium, total 
EPA 200.8 or as specified in 

0.0005 mg/L 0.064 
40 CFR 136.3. 

Arsenic, Total (c) 
EPA 200.8 or as specified in 

0.0005 mg/L 0.15 
40 CFR 136.3. 

Cadmium, Total (H) 
EPA 200.8 or as specified in 

0.0002 mg/L 0.0053 
3 

40 CFR 136.3. 

Nickel, Total (H) 
EPA 200.8 or as specified in 

0 0005 mg/1 1.02 
3 

40 CFR 136.3. 

Mercury, Total 
EPA 245.1 or as specified in 

0.0001 mg/L 0.0014 
40 CFR 136.3. 

Selenium, Total EPA 200.8 or as specified in 
0.0005 mg/L 0.005 40 CFR 136 3. 

Silver, Total (H) 
EPA 200.8 or as specified in 

0.0002 mg/L 0.0183
3 

40 CFR 136.3. 
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Table G-1 NALs for Storm Water Cont'd) 

PARAMETER TEST METHOD1 DETECTION REPORTING ANNUAL INSTANTANEOUS 
LIMIT UNITS NAL VALUE MAXIMUM NAL 

Biochemical Oxygen SM 521 OB or as specified in 
3.0 mg/L Demand 40 CFR 136.3. 

,m SM- Standard Methods for the Exammat1on of Water and Wastewater, 18 ed1t1on 
EPA- EPA test methods 

30 

1 Test methods with lower detection limits may be necessary when discharging to impaired water bodies. 
Alternate test methods may be approved by the Regional Board. 

2 Effluent samples shall be analyzed for copper according to method 40 CFR part 136. 
3 The NAL is based on the highest hardness because the water near the mouth of the creeks is very 

saline. 

B. At any time in Level 2 status the Discharger may evaluate industrial pollutant sources, 
the SWPPP, non-industrial pollutant sources, and the impact of storm water discharges 
to receiving waters, and prepare and submit a technical report supporting one of the 
following demonstrations as applicable: 

1. BAT/BCT Compliance Demonstration The BAT/BCT Compliance Demonstration 
Technical Report shall at a minimum, include the following: 

a. An evaluation of each of the following factors from 40 CFR Part 125.3(d): 

1. The total cost of application of technology in relation to the effluent reduction 
benefits to be achieved from such application; 

ii. The age of equipment and facilities involved; 

iii. The process employed; 

IV. The engineering aspects of the application of various types of control 
techniques; 

v. Process changes; and 

vt. Non-water quality environmental impact (including energy requirements). 

b. A statement that the Discharger has identified and evaluated all pollutant 
source(s) associated with industrial activity that are causing an NAL exceedance; 

c. A statement that the Discharger has already designed, installed, and 
implemented operational source control, treatment, and/or structural source 
control BMPs that are required to reduce or prevent pollutants in industrial storm 
water discharges in compliance with BAT/BCT; 

d. A description of the industrial pollutant sources and corresponding industrial 
pollutants that are or may be discharged; 
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e. An evaluation of all alternative BMPs needed to meet the applicable NAL 
including costs; 

f. A description of all implemented BMPs that constitute BAT/BCT for the specific 
identified parameter(s) in the drainage area(s); and 

g. Alternate NALs, if applicable, that correspond to the identified 
treatment/structural BMPs and reflect BAT/BCT level of control. 

2. Non-Industrial Pollutant Demonstration The Non-Industrial Source Pollutant 
Demonstration Technical Report shall at a minimum, include the following: 

a. A statement that the Discharger has identified and evaluated all potential 
pollutant sources which may have commingled with storm water associated with 
the Discharger's industrial activity and could be contributing to the NAL 
exceedance; 

b. A statement that the Discharger has determined that the pollutants causing the 
exceedances are solely attributable to storm water run-on to the facility from 
adjacent properties or non-industrial portions of the Discharger's property or from 
aerial deposition; 

c. A description of the industrial pollutant sources and corresponding industrial 
pollutants that are or may be discharged; 

d. A quantification of the relative contributions of the pollutant from (1) storm water 
run-on to the facility from adjacent properties or non-industrial portions of the 
Discharger's property or from aerial deposition and (2) from the storm water 
associated with the Discharger's industrial activity; 

e. A summary of the existing BMPs; and 

f. An evaluation of all on-site/off-site analytical monitoring data demonstrating that 
the NAL exceedances are solely attributable to pollutants in storm water run-on 
to the facility from adjacent properties or non-industrial portions of the 
Discharger's property or from aerial deposition. 

3. Natural Background Demonstration The Natural Background Demonstration 
Technical Report shall at a minimum, include the following: 

a. A statement that the Discharger has determined that the exceedance of the NAL 
is attributable solely to the presence of the pollutant in the natural background; 

b. A summary of all data previously collected by the Discharger or others that 
describe the levels of natural background pollutants in the storm water discharge; 

c. A summary of any research and published literature that relates the pollutants 
evaluated at the facility as part of the Natural Background Demonstration; 
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d. Map showing the reference site location in relation to facility along with available 
land cover information; 

e. Reference site and test site elevation; 

f. Available geology and soil information for reference and test sites; 

g. Photographs showing site vegetation; 

h. Site reconnaissance survey data regarding presence of roads, outfalls, or other 
human-made structures; and 

i. Records from relevant state or federal agencies indicating no known mining, 
forestry, or other human activities upstream of the proposed reference site. 

XI. Monitoring Requirements 

Monitoring shall be conducted as specified in the MRP. The SWPPP shall include a 
description of the following items: 

A. Visual observation locations, visual observation procedures, and visual observation 
follow-up and tracking procedures. 

B. Sampling locations and sample collection procedures. This shall include procedures for 
sample collection, storage, preservation, and shipping to the testing lab to assure that 
consistent quality control and quality assurance is maintained. 

C. Identification of the analytical methods and related method detection limits (if applicable) 
used to detect pollutants in storm water discharges, including a justification that the 
method detection limits are adequate. 

XII. SWPPP General Requirements 

A. The SWPPP shall be retained at the Facility and made available upon request of a 
representative of the San Diego Water Board, or USEPA. 

B. Upon notification by the San Diego Water Board and/or USEPA that the SWPPP does 
not meet one or more of the minimum requirements of this attachment, the Discharger 
shall revise the SWPPP and implement additional BMPs that are effective in reducing 
and eliminating pollutants in storm water discharges and authorized non-storm water 
discharges. As requested, the Discharger shall provide an implementation schedule 
and/or completion certification to the San Diego Water Board and/or USEPA. 

C. The SWPPP shall be revised, as appropriate, and implemented prior to changes in 
industrial activities, which 
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1. May significantly increase the quantities of pollutants in storm water discharges; or 

2. Cause a new area of industrial activity at the Facility to be exposed to storm water; 
or 

3. Begin an industrial activity that would introduce a new pollutant source at the 
Facility. 

D. The Discharger shall revise the SWPPP and implement the appropriate BMPs in a 
timely manner and in no case more than 90 days after a Discharger determines that the 
SWPPP is in violation of any Order requirement. 

E. When any part of the SWPPP is infeasible to implement by the deadlines specified 
above due to proposed significant structural changes, the Discharger shall: 

1. Submit a report to the San Diego Water Board that: 

a. Identifies the portion of the SWPPP that is infeasible to implement by the 
deadline; 

b. Provides justification for a time extension, provides a schedule for completing 
and implementing that portion of the SWPPP; and 

c. Describes the BMPs that will be implemented in the interim period to reduce or 
prevent pollutants in storm water discharges and authorized non-storm water 
discharges. 

2. Comply with any request by the San Diego Water Board to modify the report 
required in Subsection VII.E.1 above, or provide certification that the SWPPP 
revisions have been implemented. 

F. The SWPPP shall be provided, upon request, to the San Diego Water Board, USEPA, 
local agency, or Compliance Inspection Designees. The San Diego Water Board under 
section 308(b) of the Clean Water Act considers the SWPPP a report that shall be 
available to the public. 

XIII.Authorized Non~Storm Water Discharges Special Requirements 

A. The SWPPP shall address authorized non-storm water discharges and incorporate the 
requirements of section IV.G of this Order. 
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EXAMPLE CHECKLIST 

Facility Name 

WOlD# 

FACILITY CONTACT 
Name 
Title 
Company 
Street Address 
City, State 
ZIP 

Storm Water Pollution Prevention Plan 

Signed Certification 
Pollution Prevention Team 
Existing Facility Plans 
Facility Site Map(s) 
Facility Boundaries 
Drainage areas 
Direction of flow 
On-site water bodies 
Areas of soil erosion 
Nearby water bodies 
Municipal storm drain inlets 
Points of discharges 
Structural control measures 
Impervious areas (paved areas, 
buildings, covered areas, roofed areas 
Location of directly exposed materials 
Location of significant spills and leaks 
Storage areas I Storage tanks 
Shipping and receiving areas 
Fueling areas 
Vehicle and equipment storage and 
maintenance 
Material handling I Material processing 
Waste treatment I Waste Disposal 
Dust generation I Particulate generation 
Cleaning areas I Rinsing areas 
Other areas of industrial activities 
For the NAVSTA, High Risk area 
List of Significant Materials 
For each material listed: 
Storage location 
Receiving and shipping location 
Handling location 
Quantity 
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Storm Water Pollution Prevention Plan 

Frequency 
Description of Potential Pollution Sources 
Industrial Processes 
Material handling and storage areas 
Dust and particulate generating activities 
Significant spills and leaks 
Non-storm water discharges 
Soil Erosion 
Assessment of Potential Pollutant Sources 
Areas likely to be sources ofpollutants 
Pollutants likely to be present 
Storm Water Best Management Practices 
Non-Structural BMPs 
Good Housekeeping 
Preventative Maintenance 
Spill Response 
Material Handling and Storage 
Employee Training 
Waste Handling I Waste Recycling 
Recordkeeping and Internal Reporting 
Erosion Control and Site Stabilization 
Inspections 
Quality As-surance 
Structural BMPs 
Overhead Coverage 
Retention Ponds 
Control Devices 
Secondary Containment Structures 
Treatment 
Industrial Activity BMPs/Pollutant 
Summary 

Not 
Applicable 

Annual Comprehensive Site Compliance Evaluation 
Review of visual observations, 
inspections, and sampling analysis 
Visual inspection of potential pollution 
sources 
Review and evaluation of BMPs 
Evaluation Report 
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FIVE PHASES FOR DEVELOPING AND IMPLEMENTING INDUSTRIAL 
STORM WATER POLLUTION PREVENTION PLANS 

PLANNING AND ORGANIZATION 

*Form Pollution Prevention Team 
*Review other plans 

*Develop a site map 

ASSESSMENT PHASE 

*Identify potential pollutant sources 
*Inventory of materials and chemicals 
*List significant spills and leaks 
*Identify non-storm water discharges 
*Assess pollutant risks 

BEST MANAGEMENT PRACTICES IDENTIFICATION PHASE 

*Non-structural BM Ps 
*Structural BMPs 
*Select activity and site-specific BMPs 

*Train employees 
*Implement BMPs 
*Collect and review records 

*Conduct annual site evaluation 
*Review monitoring information 
*Evaluate BMPs 
*Review and revise SWPPP 

IMPLEMENTATION PHASE 

EVALUATION/MONITORING 
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ASSESSMENT OF POTENTIAL POLLUTION SOURCES AND 
CORRESPONDING BEST MANAGEMENT PRACTICES SUMMARY 

Area Activity Pollutant Source Pollutant Best Management Practices 

Spills and leaks during 
- Use spill and overflow 

delivery 
fuel oil protection 

- Minimize run-on of storm 
water into the fueling area 

Spills caused by 
fuel oil - Cover fueling area 

topping off fuel tanks 
- Use dry cleanup methods 

rather than hosing down 
Hosing or washing 

fuel oil 
area 

down fuel area - Implement proper spill 

Vehicle & 
prevention control 
program 

Equipment Fueling Leaking storage tanks fuel oil Implement adequate Fueling -
preventative maintenance 
program to prevent tank 
and line leaks 

- Inspect fueling areas 

Rainfall running off fuel regularly to detect 

area, and rainfall 
fuel oil 

problems before they 

running onto and off occur 

fueling area - Train employees on 
proper fueling, cleanup, 
and spill response 
techniques 
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ATTACHMENT H- BEST MANAGEMENT PRACTICES AND POLLUTION PREVENTION 
PLAN FOR UTILITY VAULT AND MANHOLE DEWATERING DISCHARGES (UTILITY 
VAULT PLAN) 

I. IMPLEMENTATION 

The Discharger shall develop and implement a Best Management Practices and Pollution 
Prevention Plan for Utility Vault and Manhole Dewatering Discharges (Utility Vault Plan) 
which achieves the objectives and the specific requirements listed below. The existing 
Utility Vault Plan shall continue to be implemented. The revised Utility Vault Plan shall be 
implemented as soon as possible but no later than 1 year from the effective date of this 
Order. 

II. OBJECTIVE 

Through implementation of the Utility Vault Plan, the Discharger shall prevent or minimize 
the generation and the potential for the release of pollutants from the Facility to the waters 
of the United States through normal operations and ancillary activities. 

Ill. The Utility Vault Plan shall include, to the extent possible, at least the following items: 

A. Provisions for scheduled discharges, unscheduled discharges, reservoir discharges (if 
any), and emergency operation discharges. 

B. Pollution Prevention Team The Utility Vault PLAN shall identify a specific individual or 
individuals as members of a Pollution Prevention Team that are responsible for 
developing the Utility Vault PLAN and assisting in its implementation, maintenance, and 
revision. The Utility Vault PLAN shall clearly identify the responsibilities of each team 
member. The activities and responsibilities of the team shall address all aspects of the 
Utility Vault PLAN. 

C. Description of Potential Pollutant Sources The Utility Vault PLAN shall provide a 
description of potential sources that may add significant amounts of pollutants to 
discharges. The Utility Vault PLAN shall identify all activities and significant materials 
that may potentially be significant pollutant sources. The Utility Vault PLAN shall 
include at a minimum: 

1. Drainage Map Provide a map showing the essential features of the distribution 
system for the service area within this San Diego Water Board's boundary and 
showing the corresponding surface waters to which water may be discharged. 
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2. Inventory of Exposed Materials Include an inventory of the types of materials 
handled at the site that potentially may be exposed to precipitation. Such inventory 
shall include a description of significant materials that have been handled, treated, 
stored, or disposed of in a manner to allow exposure to storm water from the 
previous 3 years and the present; method and location of onsite storage or disposal; 
materials management practices employed to minimize contact of materials with 
storm water runoff from the previous 3 years and the present; the location and 
description of existing structural and nonstructural control measures to reduce 
pollutants in storm water runoff; and a description of any treatment the storm water 
receives. 

3. Spills and Leaks Include a list of significant spills and significant leaks of toxic or 
hazardous pollutants that occurred at areas exposed to precipitation or that 
otherwise enter the discharge stream from the previous 3 years through the present. 
The list shall be updated as appropriate. 

4. Risk Identification and Summary of Potential Pollutant Sources Include a 
narrative description of the potential pollutant sources, such as from significant dust 
or particulate generating processes. The description shall specifically list any 
significant potential source of pollutants at the site and, for each potential source; 
any pollutant or pollutant parameter (e.g., oil and grease) of concern shall be 
identified. 

D. Measures and Controls The Discharger shall develop a description of BMPs 
appropriate for the site(s), and implement such controls. The appropriateness and 
priorities of BMPs in a Utility Vault PLAN must reflect identified potential sources of 
pollutants at the site. Also, the Discharger should discuss the advantages and 
limitations of the Utility Vault PLAN. If relevant, include a structural diagram. The 
description of wastewater management controls shall address the following minimum 
components, including a schedule for implementing such controls: 

1. Good Housekeeping Maintain areas that may contribute pollutants to discharges 
so that they are kept clean and orderly. Store and contain liquid materials in such a 
manner that if the container is ruptured, the contents will not discharge, flow, or be 
washed into the storm drainage system, surface water, or groundwater. 

2. Preventative Maintenance Inspect and maintain wastewater management devices 
as well as inspect and test site equipment and systems to uncover conditions that 
could cause breakdowns or failures resulting in discharges of pollutants to surface 
waters, and ensure appropriate maintenance of such equipment and systems. 
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3. Spill Prevention and Response Procedures Identify areas where potential spills, 
which can contribute pollutants to discharge, can occur and their accompanying 
drainage points. Specify material handling procedures, storage requirements, and 
use of equipment. Make accessible to the appropriate personnel the procedures for 
cleaning up spills identified in the Utility Vault PLAN. Note that if the spilled material 
is hazardous, then the cleanup materials used are also hazardous and should be 
disposed of properly. For large spills, a private spill cleanup company or Hazmat 
may be necessary. 

4. Inspections Identify qualified personnel, by name or by job title, to inspect 
designated equipment and areas of the site, and ensure that appropriate actions are 
taken in response to the inspections. Maintain records of inspections. Inventory and 
inspect each discharge point during dry weather. 

5. Employee Training Train employees to implement activities identified in the Utility 
Vault PLAN. Address topics such as spill response, good housekeeping, and 
material management practices. Identify how often training will take place. 

6. Record Keeping and Internal Reporting Procedures Federal Regulations require 
that any oil spill to a water body be reported to the National Response Center at 
(800) 424-8802 (24 hours). The Discharger shall report spills to the appropriate 
local agency, such as the fire department, to assist in cleanup. Provide a description 
of incidents (such as spills or other discharges), along with other information 
describing the quality and quantity of discharges. Document patterns in time of 
occurrence, mode of dumping, responsible parties, date and time of incident, 
weather conditions, duration and cause of spill/leak/discharge, response procedures, 
resulting environmental problems, and persons notified. Document inspections and 
maintenance activities and maintain records of such activities. Include the date and 
time the inspection was performed, the name of the inspector, and the items 
inspected. If problems are noted, include the corrective action required and the date 
the action was taken. 

7. Sediment and Erosion Control Identify areas that, due to topography, activities, or 
other factors, have a high potential for significant soil erosion, and identify structural, 
vegetative, and/or stabilization measures to be used to limit erosion. 

8. Management Runoff Include a narrative consideration of the appropriateness of 
traditional storm water management practices (practices other than those that 
control the generation or source(s) of pollutants) used to divert, infiltrate, reuse, or 
otherwise manage runoff in a manner that reduces pollutants in discharges from the 
site. The Utility Vault PLAN shall provide measures that the Discharger determines 
to be reasonable and appropriate measures. 
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E. Comprehensive Site Compliance Evaluation Qualified personnel shall conduct site 
compliance evaluations upon each discharge event. Such evaluations shall provide: 

1. The Discharger shall visually inspect for evidence of, or the potential for, pollutants 
entering the receiving water. Evaluate measures to reduce pollutant loadings to 
determine whether they are adequate and properly implemented in accordance with 
the terms of this Order or whether additional control measures are needed. Ensure 
that structural wastewater management measures, sediment and erosion control 
measures, and other structural BMPs identified in the Utility Vault PLAN are 
operating correctly. Perform a visual inspection of equipment needed to implement 
the Utility Vault PLAN, such as spill response equipment. 

2. Based on the results of the evaluation, the Discharger shall revise, as appropriate, 
the description of potential pollutant sources identified in the Utility Vault PLAN in 
accordance with section III.C above and BMPs identified in the Utility Vault PLAN 
with section Ill. D within 2 weeks of such evaluation and shall provide timely 
implementation of any changes to the Utility Vault PLAN. 

3. Write and retain for 3 years, a report summarizing the scope of the evaluation, 
personnel making the evaluation, the date(s) of the evaluation, major observations 
relating to the implementation of the Utility Vault PLAN, and actions taken in 
accordance with section III.D.2, above. Identify any incidents of noncompliance or 
certify that the site(s) is in compliance with the Utility Vault PLAN and this Order. 
The report shall be signed in accordance with the signatory requirements of 
Standard Provision V.B. of Attachment D. 

F. Additional requirements include: 

1. The Utility Vault PLAN shall be designed to comply with BAT/BCT and to ensure 
compliance with water quality standards. 

2. The Discharger shall amend the Utility Vault PLAN whenever there is a change in 
construction, operation, or maintenance, when such amendment is necessary to 
ensure compliance with BAT/BCT and receiving water limitations. The Utility Vault 
PLAN shall also be amended if it is in violation of any conditions of this Order or has 
not achieved the general objective of controlling pollutants in discharges to surface 
waters. The Discharger shall submit the amended the Utility Vault PLAN to the San 
Diego Water Board. 

3. The Utility Vault PLAN and any amendments thereto shall be certified in accordance 
with the signatory requirements of Standard Provision V.B. of Attachment D. 
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IV. If an exceedance(s) of a receiving water limitation defined in section V. of this Order, 
expressed either narrative or numerically, has been identified by the Discharger or the San 
Diego Water Board as a result of a discharge from utility vault or manhole dewatering, 
either of the following actions shall be undertaken to ensure compliance with this Order: 

A. The Discharger shall submit to the San Diego Water Board with the next quarterly report 
documentation that 1) the Discharger has addressed the cause of the exceedance, 2) 
the Discharger is now fully in compliance with the provision contained in section 
VI.C.3.a of this Order, and 3) implementation of the Utility Vault PLAN will prevent future 
exceedance(s) of the receiving water limitations; or 

B. The Discharger shall develop and implement a revised Utility Vault PLAN with new or 
revised BMPs to prevent future exceedance(s). The Discharger shall implement such 
BMPs and document the progress of implementation and the effectiveness thereof in 
the annual report. 
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ATTACHMENT 1- BEST MANAGEMENT PRACTICES PLAN FOR PIER BOOM, FENDER, 
AND MOORING CLEANING, USN GRAVING DOCK PRE-FLOOD CLEANING, SEAWATER 
COOLING AND OVERBOARD DISCHARGE AND WEIGHT TESTING WATER 

I. Implementation 

The Discharger shall develop and implement a Best Management Practices (BMP) Plan 
which achieves the objectives and the specific requirements listed below for the activities of 
pier boom, fender, and mooring cleaning, US Navy graving dock pre-flood cleaning, 
seawater cooling and overboard discharge, and weight testing water. Existing BMP Plans 
for these activities shall continue to be implemented. The revised BMP Plan for these 
activities shall be implemented as soon as possible but no later than 1 year from the 
effective date of this Order. 

II. Purpose 

Through implementation of the BMP Plan, the Discharger shall prevent or minimize the 
generation and the potential for the release of pollutants from the Facility to the waters of 
the United States through normal operations and ancillary activities. The BMP Plan shall 
address at a minimum pier boom, fender, and mooring cleaning, US Navy Graving Dock 
pre-flood cleaning, seawater cooling and overboard discharges (for vessels in the Graving 
Dock), and weight testing water. 

Ill. Objectives 

The Discharger shall develop and amend the BMP Plan consistent with the following 
objectives for the control of pollutants: 

A. The number and quantity of pollutants and the toxicity of effluent generated, discharged 
or potential discharged at the Facility shall be minimized by the Discharger to the extent 
feasible by managing each waste stream in the most appropriate manner. 

B. The Discharger shall ensure proper operation and maintenance of the Facility. 
Standard Operating Procedures (SOPs) may be included in the BMP Plan or 
referenced. 
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C. The Discharger shall evaluate each component or system for its waste minimization 
opportunities and its potential for causing a release of significant amounts of pollutants 
to waters of the United States due to equipment failure, improper operation, and natural 
phenomena such as rain or snowfall, or other emergency situation. The evaluation shall 
include all normal operations and ancillary activities at a minimum related to pier boom, 
fender, and mooring cleaning, US Navy graving dock flooding, and weight test water 
and any other activities which have the potential to discharge pollutants. The 
Discharger shall have a plan to address any emergency situation which would result in 
a significant release of pollutants to waters of the United States inCluding those 
identified in this evaluation. 

IV. Requirements 

A. The BMP Plan shall be consistent with the objectives in section Ill above and the 
general guidance contained in the publication entitled Guidance Manual for Developing 
Best Management Practices (BMPs) (USEPA, 1993) or any subsequent revisions to the 
guidance document. 

B. The BMP Plan shall be documented in narrative form, shall include any necessary plot 
plans, drawings or maps, and shall be developed in accordance with good engineering 
practices. 

C. The BMP Plan shall be organized and written with the following elements: 

1. Purpose and objectives of the BMP Plan; 

2. Name and location of the activity with specific BMPs; 

3. Specific management practices and standard operating procedures to achieve the 
above objectives, including, but not limited to, the following: 

a. Modification of equipment, facilities, technology, processes, and procedures, 

b. Reformulation or redesign of products, 

c. Substitution of materials, 

d. Improvement in management, inventory control, materials handling or general 
operational phases of the facility, and 

e. Materials compatibility. 

4. Good housekeeping; 

5. Preventative maintenance; 

6. Risk identification and assessment; 

7. Reporting of BMP incidents and spills; 
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8. Inspections and records; and 

9. Employee training. 

D. The BMP Plan shall establish specific BMPs to meet the objectives identified in section 
Ill, addressing each component or system capable of generating or causing a release of 
significant amounts of pollutants, and identifying specific preventative or remedial 
measures to be implemented. 

E. The BMP Plan shall establish specific BMPs or other measures which ensure that the 
following specific requirements are met: 

1. Ensure that the discharge of pollutants including, but not limited to, copper, benzo 
(b) fluoranthene, benzo (k) fluoranthene, and chrysene from pier boom, fender, and 
mooring cleaning is reduced to levels that do not exceed water quality objectives. 
(RPA) 

2. Ensure that discharge of pollutants including, but not limited to, copper and zinc in 
graving dock flood water is reduced to levels that do not exceed water quality 
objectives. (RPA and Benchmarks) 

F. The BMP Plan shall include a statement this BMP Plan fulfills the requirements of this 
Order and shall be signed and certified in accordance with the signatory requirements of 
Standard Provision V.B. of Attachment D. 

V. Documentation 

The Discharger shall maintain a copy of the BMP Plan at the Facility and shall make it 
available to the San Diego Water Board upon request. All offices of the Discharger which 
are required to maintain a copy of the NPDES permit shall also maintain a copy of the BMP 
Plan. 

VI. BMP Plan Modification 

The Discharger shall amend the BMP Plan whenever there is a change in the facility or in 
the operation of the facility which materially increases the generation of pollutants or their 
release or potential release to the receiving waters. The Discharger shall also amend the 
BMP Plan, as appropriate, when operations covered by the BMP Plan change. Any such 
changes to the BMP Plan shall be consistent with the objectives and specific requirements 
listed above. All changes in the BMP Plan shall be reported to the San Diego Water Board 
in writing. 
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VII. Modification for Ineffectiveness 

At any time, if the BMP Plan proves to be ineffective in achieving the general objective of 
preventing and minimizing the generation of pollutants and their release and potential 
release to the receiving waters and/or the specific requirements above, the Order and/or 
the BMP Plan shall be subject to modification to incorporate revised BMP requirements. 
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ATTACHMENT J- DISCHARGE PROHIBITIONS CONTAINED IN THE BASIN PLAN 

I. Basin Plan Discharge Prohibitions 

A. The discharge of waste to waters of the State in a manner causing, or threatening to 
cause a condition of pollution, contamination or nuisance as defined in Water Code 
section 13050, is prohibited. 

B. The discharge of waste to land, except as authorized by WDRs of the terms described 
in Water Code section 13264 is prohibited. 

C. The discharge of pollutants or dredged or fill material to waters of the United States 
except as authorized by an NPDES permit or a dredged or fill material permit (subject to 
the exemption described in Water Code section 13376) is prohibited. 

D. Discharges of recycled water to lakes or reservoirs used for municipal water supply or to 
inland surface water tributaries thereto are prohibited, unless this San Diego Water 
Board issues an NPDES permit authorizing such a discharge; the proposed discharge 
has been approved by the State of California Department of Public Health and the 
operating agency of the impacted reservoir; and the discharger has an approved fail
safe long-term disposal alternative. 

E. The discharge of waste to inland surface waters, except in cases where the quality of 
the discharge complies with applicable receiving water quality objectives, is prohibited. 
Allowances for dilution may be made at the discretion of the San Diego Water Board. 
Consideration would include streamflow data, the degree of treatment provided and 
safety measures to ensure reliability of facility performance. As an example, discharge 
of secondary effluent would probably be permitted if streamflow provided 100:1 dilution 
capability. 

F. The discharge of waste in a manner causing flow, pending, or surfacing on lands not 
owned or under the control of the discharger is prohibited, unless the discharge is 
authorized by the San Diego Water Board. 

G. The dumping, deposition, or discharge of waste directly into waters of the State, or 
adjacent to such waters in any manner which may permit it being transported into the 
waters, is prohibited unless authorized by the San Diego Water Board. 

H. Any discharge to a storm water conveyance system that is not composed entirely of 
storm water is prohibited unless authorized by the San Diego Water Board. [The 
federal regulations, 40 CFR 122.26(b)(13), define storm water as storm water runoff, 
snow melt runoff, and surface runoff and drainage. 40 CFR 122.26(b)(2) defines an 
illicit discharge as any discharge to a storm water conveyance system that is not 
composed entirely of storm water except discharges pursuant to an NPDES permit and 
discharges resulting from fire fighting activities.] [Section 122.26 amended at 56 FR 
56553, November 5, 1991; 57 FR 11412, April 2, 1992.] 
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I. The unauthorized discharge of treated or untreated sewage to waters of the State or to 
a storm water conveyance system is prohibited. 

J. The discharge of industrial wastes to conventional septic tank/ subsurface disposal 
systems, except as authorized by the terms described in Water Code section 13264, is 
prohibited. 

K. The discharge of radioactive wastes amenable to alternative methods of disposal into 
the waters of the State is prohibited. 

L. The discharge of any radiological, chemical, or biological warfare agent into waters of 
the State is prohibited. 

M. The discharge of waste into a natural or excavated site below historic water levels is 
prohibited unless the discharge is authorized by the San Diego Water Board. 

N. The discharge of sand, silt, clay, or other earthen materials from any activity, including 
land grading and construction, in quantities which cause deleterious bottom deposits, 
turbidity or discoloration in waters of the State or which unreasonably affect, or threaten 
to affect, beneficial uses of such waters is prohibited. 

0. The discharge of treated or untreated sewage from vessels to Mission Bay, Oceanside 
Harbor, Dana Point Harbor, or other small boat harbors is prohibited. 

P. The discharge of untreated sewage from vessels to San Diego Bay is prohibited. 

Q. The discharge of treated sewage from vessels to portions of San Diego Bay that are 
less than 30 feet deep at MLLW is prohibited. 

R. The discharge of treated sewage from vessels, which do not have a properly functioning 
USCG certified Type 1 or Type II marine sanitation device, to portions of San Diego Bay 
that are greater than 30 feet deep at MLLW is prohibited. 
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ATTACHMENT K- SEDIMENT MONITORING AND ANALYSIS 

I. SEDIMENT MONITORING DETAILED REQUIREMENTS 

A. Field Procedures 

1. All samples shall be collected using a grab sampler. 

2. Benthic samples shall be screened through a 1.0 mm-mesh screen. 

3. Surface sediment from within the upper 5 em shall be collected for chemistry 
and toxicity analyses. 

4. The entire contents of the grab sample, with a minimum penetration depth of 
5 em, ~hall be collected for benthic community analysis. 

5. Bulk sediment chemical analysis will include at a minimum the pollutants 
identified in Table K-1. 

B. Laboratory Testing 

All samples will be tested in accordance with U.S. Environmental Protection 
Agency (USEPA) or American Society for Testing and Materials (ASTM) 
methodologies where such methods exist. Where no USEPA or ASTM methods 
exist, the State Water Board or Regional Water Quality Control Boards (San 
Diego Water Boards) (collectively Water Boards) shall approve the use of other 
methods. Analytical tests shall be conducted by laboratories certified by the 
California Department of Health Services in accordance with Water Code Section 
13176. 

C. Sediment Toxicity 

A 1 0-Day amphipod survival test shall be performed using a species tolerant of 
the sample salinity and grain size characteristics (e.g., Hyalella azteca or 
Eohaustorius estuaries). The results shall be recorded as "Percent of control 
survival". 

D. Sediment Chemistry 

All samples shall be tested for the analytes specified in Table K-1. In water 
bodies where other toxic pollutants are believed to pose risk to benthic 
communities, those toxic pollutants shall be identified and included by the 
Discharger. Inclusion of the additional analytes cannot be used in the exposure 
assessment; however the data can be used to conduct more effective stressor 
identification studies as described in the Sediment Quality Policy. 
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Table K-1 List of Chemical Analytes Needed to Characterize Sediment 
Contamination Exposure and Effect. 

Chemical Name Chemical Group Chemical Name Chemical Group 
Total Organic Carbon General 2 ,4'-Dichlorobiphenyl PCB congener 
Percent Fines General 2,2' ,5-Trichlorobiphenyl PCB congener 
Cadmium Metal 2 ,4,4'-Trichlorobiphenyl PCB congener 
Copper Metal 2,2' ,3,5'-Tetrachlorobiphenyl PCB congener 
Lead Metal 2,2' ,5,5'-Tetrachlorobiphenyl PCB congener 
Mercury Metal 2,3' ,4,4'-Tetrachlorobiphenyl PCB congener 
Zinc Metal 2,2',4,5,5'-Pentachlorobiphenyl PCB congener 
Acenaphthene PAH 2,3,3' ,4,4'-Pentachlorobiphenyl PCB congener 
Anthracene PAH 2,3' ,4,4', 5-Pentachlorobiphenyl PCB congener 
Biphenyl PAH 2,2', 3,3' ,4,4'-Hexachlorobiphenyl PCB congener 
Naphthalene PAH 2,2' ,3,4,4' ,5'-Hexachlorobiphenyl PCB congener 
2,6-dimethylnaphthalene PAH 2,2',4,4',5,5'-Hexachlorobiphenyl PCB congener 
Fuorene PAH 2,2' ,3 ,3' ,4,4' ,5-Heptachlorobiphenyl PCB congener 
1-methylnaphthalene PAH 2,2' ,3,4 ,4', 5, 5'-Heptachlorobiphenyl PCB congener 
2-methylnaphthalene PAH 2,2' ,3,4' ,5,5' ,6-Heptachlorobiphenyl PCB congener 
1-methylphenanthrene PAH 2,2' ,3,3' ,4,4' ,5,6-0ctachlorobiphenyl PCB congener 
Phenanthrene 

PAH 
2,2',3,3',4,4',5,5',6- PCB congener 
Nonachlorobiphenyl 

Benzo(a)anthracene PAH Decachlorobiphenyl PCB congener 
Benzo(a)pyrene PAH 
Benzo(e)pyrene PAH 
Chrysene PAH 
Dibenz(a,h)anthracene PAH 
Fluoranthene PAH 
Perylene PAH 
Pyrene PAH 
Alpha Chlordane Pesticide 
Gamma Chlordane Pesticide 
Trans Nonachlor Pesticide 
Dieldrin Pesticide 
o,p'-DDE Pesticide 
o,p'-DDD Pesticide 
o,p'-DDT Pesticide 
p,p'-DDD Pesticide 
p,p'-DDE Pesticide 
p,p'-DDT Pesticide 

E. Benthic Community Condition 

The Discharger shall identify all benthic invertebrates at the sample locations and 
reference stations to the lowest possible taxon and counted. 

The Discharger shall identify the abundance of sensitive indicator taxa, tolerant 
indicator taxa, and total abundance. The Discharger shall then compare the 
results from the sampling locations to the reference locations. 
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ATTACHMENT L- ELEMENTS FOR SMALL MUNICIPAL (MILITARY BASE) 
SEPARATE STORM SEWER SYSTEM (MS4)- STORM WATER MANAGEMENT 
PROGRAM (SWMP) 

I. SIX MINIMUM CONTROL MEASURES The SWMP shall describe BMPs, and 
associated measurable goals, that fulfill the requirements of the following six 
Minimum Control Measures: 

A. Public Education and Outreach on Storm Water Impacts The SWMP shall 
contain a written plan to distribute educational materials to the target audiences 
identified below, or conduct equivalent outreach activities about the effects of 
storm water discharges on water bodies and the steps that the target audiences 
can take to reduce pollutants in storm water runoff. 

The SWMP shall contain a list of target audience groups consisting of civilian, 
contactor, retailers military personnel (and their dependents) that are present 
on the Facility that may be conducting activities that may have potential adverse 
effect(s) to water quality. 

B. Public Involvement/Participation Program The SWMP shall contain a written 
Public Involvement/Participation Program to: 

1. Regularly encourage public participation in the development and 
implementation of the SWMP; 

2. Establish a platform for the public and target audiences to provide input into 
the development and implementation of the SWMP; 

3. Solicit public reporting of suspected illicit discharges via telephone and 
writing; and 

4. Implement procedures for the receipt and consideration of verbal or written 
public inquires, concerns, and information submitted by the public. 

C. Illicit Discharge Detection and Elimination The SWMP shall contain a written 
Illicit Discharge Detection and Elimination Program containing the following 
elements: 

1. A written program to detect and eliminate illicit discharges (as defined at 40 
CFR §122.26(b)(2)) into the storm water drainage systems; 

2. A storm sewer system map, showing the location of all storm water drainage 
systems, outfalls and the names and locations of all waters of the U.S. that 
receive discharges from those outfalls; 
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3. A prohibition against non-storm water discharges into the storm water 
drainage system except as allowed under Non-Storm Water Specification 
IV.D; 

4. A plan to detect and address non-storm water discharges, including illegal 
dumping, to the MS4 system that are not authorized by a separate NPDES 
permit; 

5. A plan to inform the target audiences of the hazards that are generally 
associated with illegal discharges and improper disposal of waste; and 

6. A plan to address the categories of non-storm water discharges or flows as 
specified in Non-Storm Water Specification IV.G of this Order (i.e., authorized 
non-storm water discharges) only where they are identified as significant 
contributors of pollutants to the storm water collection system. 

D. Construction Site Storm Water Runoff Control The SWMP shall contain a written 
Construction Site Storm Water Runoff Control program to reduce pollutants in 
any storm water runoff to the MS4 from construction activities that result in a land 
disturbance of greater than or equal to one acre. Reduction of storm water 
discharges from construction activity disturbing less than one acre must be 
included in the program if that construction activity is part of a larger common 
plan of development or sale that would disturb one acre or more. The program 
must, at a minimum, include the development and implementation of: · 

1. Mechanisms to require erosion and sediment controls, as well as 
enforcement mechanisms, to ensure compliance; 

2. Requirements for construction site operators to implement appropriate 
erosion and sediment control BMPs; 

3. Requirements for construction site operators to control waste such as 
discarded building materials, concrete truck washou( chemicals, litter, and 
sanitary waste at the construction site that may cause adverse impacts to 
water quality; 

4. Procedures for site plan review which incorporate consideration of potential 
water quality impacts; 

5. Procedures for receipt and consideration of information submitted by the 
public. The Discharger shall demonstrate acknowledgement and 
consideration of the information submitted, whether submitted verbally or in 
writing; 

6. Procedures for site inspection and enforcement of control measures; and 
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7. Procedures for verifying that the site has existing coverage under California's 
statewide General NPDES Permit for Storm Water Discharges Associated 
with Construction Activities (hereinafter General Construction Permit). 

E. Post-Construction Storm Water Management in New Development and 
Redevelopment The SWMP shall contain a written Post-Construction Storm 
Water Management Program to: 

1. Address storm water runoff from new development and redevelopment 
projects that disturb greater than or equal to one acre, including projects less 
than one acre that are part of a larger common plan of development, that 
discharge into the storm water drainage system by ensuring that controls are 
in place that would prevent or minimize water quality impacts, and that are 
designed to maintain pre-project runoff condition; 

2. Develop and implement water quality strategies, which include a combination 
of structural and/or non-structural BMPs appropriate for the Facility; 

3. Develop or use a mechanism to address post-construction runoff from new 
development and redevelopment projects; 

4. Ensure adequate long-term operation and maintenance of water quality 
BMPs; and 

5. Maintain and regularly update an inventory of BMPs installed pursuant to the 
SWMP. The inventory shall include, at a minimum: 

a. Exact location of BMP(s); 

b. Contact information for the individual or entity responsible for long term 
BMP operation and maintenance; 

c. A description of the BMP and the year it was installed; 

d'. Maintenance required; 

e. Actual inspection/maintenance activities that occurred during the reporting 
year; and 

f. An assessment by the Discharger if proper operation and maintenance 
occurred during the year, and if not, what actions the Discharger has 
taken, or will take, to address the deficiencies. 
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F. Pollution Prevention/Good Housekeeping The SWMP shall contain a written 
Pollution Prevention/Good Housekeeping Program that is sufficient to minimize 
pollutant runoff from on-site operations. The Discharger may incorporate by 
reference, other plans implemented at the Facility (i.e., SWPPP and BMP Plan) 
that address similar goals. The Discharger shall: 

1. Develop and implement an operation and maintenance program that includes 
a training component and has the ultimate goal of preventing or reducing 
pollutant runoff from Facility operations; and 

2. Using training materials that are available from USEPA, the State, or other 
organizations, include target audience training to prevent and reduce storm 
water pollution from activities such as park and open space maintenance, 
fleet building maintenance, new construction and land disturbances, and 
storm water system maintenance. 

II. MEASUREABLE GOALS The SWMP must identify the measurable goals for each 
of the BMPs, including, as appropriate, the months and years for scheduled actions, 
including interim milestones and the frequency of the action. 

Ill. SWMP ANNUAL REVIEW The SWMP shall be reviewed annually and revised as 
necessary. A summary of each annual review, the identified inadequacies, and any 
planned efforts to address the identified inadequacies shall be maintained as an 
attachment to the SWMP for a minimum of 5 years. 
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ATTACHMENT M- STORM WATER RISK LEVEL DESIGNATION TABLE 

Listing of NBSD Storm Water Discharge Locations 

Discharge NavyiD Outfall Risk Receiving 
Point Number Type Level Latitude Longitude Water 

NBSD-001 1 Industrial High Risk 32° 41' 2" N 117° 7' 43" w San Diego Bay 

NBSD-002 2 Industrial High Risk 32° 41' 1" N 117° 7' 42" w San Diego Bay 

NBSD-003 3 Industrial High Risk 32° 40' 59" N 117° 7' 40" w San Diego Bay 

NBSD-004 4 Municipal Non-Industrial 32° 40' 57" N 117° 7' 39" w San Diego Bay 

NBSD-005 5 Industrial High -Risk 32° 40' 56" N 117° 7' 38" w San Diego Bay 

NBSD-006 6 Industrial High Risk 32° 40' 53" N 117° 7' 35" w San Diego Bay 

NBSD-007 7 Municipal Non-Industrial 32° 40' 52" N 117° 7' 34" w San Diego Bay 

NBSD-008 8 Industrial High Risk 32° 40' 50" N 117° 7' 32" w San Diego Bay 

NBSD-009 9 Industrial High Risk 32° 40' 47" N 11?0 7' 30" w San Diego Bay 

NBSD-010 10 Industrial High Risk 32° 40' 46" N 11?0 7' 29" w San Diego Bay 

NBSD-011 11 Industrial High Risk 32° 40' 44" N 117°7'27"W San Diego Bay 

NBSD-012 12 Industrial Low Risk 32° 40' 41" N 117° 7' 25" w San Diego Bay 

NBSD-013 13 Industrial High Risk 32° 40' 39" N 117° 7' 23" w San Diego Bay 

NBSD-014 14 Industrial High Risk 32° 40' 36" N 117° 7' 21" w San Diego Bay 

NBSD-015 15 Industrial Low Risk 32° 40' 34" N 117° 7' 19" w San Diego Bay 

NBSD-016 16 Industrial High Risk 32° 40' 32" N 117° 7' 17" w San Diego Bay 

NBSD-017 17 Industrial High Risk 32° 40' 29" N 117° 7' 15" w San Diego Bay 

NBSD-018 18 Municipal Non-Industrial 32° 40' 27" N 117° 7' 13" w San Diego Bay 

NBSD-019 19 Municipal Non-1 ndustrial 32° 40' 24" N 117° 7' 1 0" w San Diego Bay 

NBSD-020 20 Industrial Low Risk 32° 40' 24" N 11?0 7' 10" w San Diego Bay 

NBSD-021 21 Municipal Non-1 nd us trial 32° 40' 22" N 117° 7' 9" w San Diego Bay 

NBSD-022 22 Municipal Non-Industrial 32° 40' 22" N 117° 7' 6" w San Diego Bay 

NBSD-023 23 Industrial Low Risk 32° 40' 24" N 117° 7' 3" w San Diego Bay 

NBSD-024 24 Industrial Low Risk 32° 40' 25" N 117° 7' 1" w San Diego Bay 

NBSD-025 25 Industrial Low Risk 32° 40' 26" N 11?0 6' 60" w San Diego Bay 

NBSD-026 26 Industrial Low Risk 32° 40' 27" N 117° 6' 58" w San Diego Bay 

NBSD-027 27 Industrial Low Risk 32° 40' 29" N 11?0 6' 55" w San Diego Bay 

NBSD-028 28 Municipal Non-1 nd us tria I 32° 40' 34" N 117° 6' 48" w San Diego Bay 

NBSD-029 29 Municipal Non-Industrial 32° 40' 25" N 11?0 6' 57" w San Diego Bay 

NBSD-030 30 Industrial Low Risk 32° 40' 22" N 117° 6' 58" w San Diego Bay 

NBSD-031 31 Municipal Non-Industrial 32° 40' 22" N 117° 6' 59" w San Diego Bay 

NBSD-032 32 Municipal Non-Industrial 32° 40' 21" N 117° 7' "w San Diego Bay 

NBSD-033 33 Industrial Low Risk 32° 40' 19" N 117° 7' 3" w San Diego Bay 
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Listing of NBSD Storm Water Discharge Locations 

Discharge Navy ID Outfall Risk Receiving 
Point Number Type Level Latitude Longitude Water 

NBSD-034 34 Industrial High Risk 32° 40' 17" N 117° 7' 6" w San Diego Bay 

NBSD-035 35 Industrial Low Risk 32° 40' 15" N 117° 7' 9" w San Diego Bay 

NBSD-036 36 Municipal Non-Industrial 32° 40' 14" N 117°7'12"W San Diego Bay 

NBSD-037 37 Municipal Non-Industrial 32° 40' 12" N 117° 7' 15" w San Diego Bay 

NBSD-038 38 Industrial High Risk 32° 40' 11" N 117° 7' 17" w San Diego Bay 

NBSD-039 39 Industrial High Risk 32° 40' 11 II N 117° 7' 21" w San Diego Bay 

NBSD-040 40 Industrial High Risk 32° 40' 11" N 117° 7' 23" w San Diego Bay 

NBSD-041 41 Industrial Low Risk 32° 40' 9" N 11]0 7' 23" w San Diego Bay 

NBSD-042 42 Industrial Low Risk 32° 40' 7" N 117° 7' 21" w San Diego Bay 

NBSD-043 43 Industrial Low Risk 32° 40' 8" N 117° 7' 18" w San Diego Bay 

NBSD-044 44 Industrial Low Risk 32° 40' 8" N 11 ]0 7' 13" w San Diego Bay 

NBSD-045 45 Industrial Low Risk 32° 40' 7" N 117° 7' 1 0" w San Diego Bay 

NBSD-046 46 Industrial Low Risk 32° 40' 4" N 117° 7' 10" w San Diego Bay 

NBSD-047 47 Industrial Low Risk 32° 39' 58" N 117° 7' 9" w San Diego Bay 

NBSD-048 48 Industrial Low Risk 32° 39' 55" N 117° 7' 8" w San Diego Bay 

NBSD-049 49 Municipal Non-Industrial 32° 39' 52" N 117° 7' 8" w San Diego Bay 

NBSD-050 50 Municipal Non-Industrial 32°41'26"N 11JO 7' 27" w Chollas Creek 

NBSD-051 51 Municipal Non-Industrial 32°41'27"N 11?0 7' 25" w Chollas Creek 

NBSD-052 52 Municipal Non-Industrial 32° 40' 56" N 117° 6' 46" w San Diego Bay 

NBSD-053 53 Municipal Non-Industrial 32° 40' 54" N 117° 6' 46" w San Diego Bay 

NBSD-054 54 Municipal Non-Industrial 32° 40' 54" N 117° 6' 47" w San Diego Bay 

NBSD-055 55 Municipal Non-Industrial 32° 40' 51" N 117° 6' 45" w San Diego Bay 

NBSD-056 56 Municipal Non-Industrial 32° 40' 48" N 117° 6' 44" w San Diego Bay 

NBSD-057 57 Municipal Non-1 ndustrial 32° 40' 47" N 11?0 6'44" w San Diego Bay 

NBSD-058 58 Municipal Non-Industrial 32° 40' 45" N 117° 6' 43" w San Diego Bay 

NBSD-059 59 Municipal Non-Industrial 32° 40' 42" N 11]0 6' 41" w San Diego Bay 

NBSD-060 60 Municipal Non-1 nd ustrial 32° 40' 53" N 117° 6' 40" w San Diego Bay 

NBSD-061 61 Municipal Non-1 ndustrial 32° 40' 49" N 117° 6' 39" w San Diego Bay 

NBSD-062 62 Municipal Non-Industrial 32° 40' 48" N 117° 6' 39" w San Diego Bay 

NBSD-063 63 Municipal Non-Industrial 32° 40' 39" N 117° 6' 40" w San Diego Bay 

NBSD-064 64 Municipal Non-1 nd us trial 32° 40' 36" N 11?0 6' 39"W San Diego Bay 

NBSD-065 66 Municipal Non-Indus trial 32° 40' 44" N 117° 6' 36" w San Diego Bay 
r----- -.. ------

NBSD-066 67 Municipal Non-Industrial 32°41'24"N 117° 7' 29" w Chollas Creek 

NBSD-067 68 Municipal Non-Industrial 32° 41' 21" N 117° 7' 30" w Chollas Creek 

NBSD-068 70 Municipal Non-Industrial 32°41'18"N 117° 7' 31 II w Chollas Creek 
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Listing of NBSD Storm Water Discharge Locations 

Discharge NavyiD Outfall Risk Receiving 
Point Number Type Level Latitude Longitude Water 

NBSD-069 71 Municipal Non-1 nd ustrial 32° 41' 16" N 117° 7' 32" w San Diego Bay 

NBSD-070 72 Municipal Non-1 nd ustrial 32° 41' 18" N 117° 7' 38" w Chollas Creek 

NBSD-071 73 Municipal Non-Industrial 32° 41' 17" N 117° 7' 39" w Chollas Creek 

NBSD-072 74 Municipal Non-Industrial 32° 41' 16" N 117° 7' 39" w San Diego Bay 

NBSD-073 75 Municipal Non-Industrial 32° 41' 16" N 117° 7' 39" w San Diego Bay 

NBSD-074 76 Municipal Non-1 nd ustrial 32° 41' 15" N 117° 7' 40" w San Diego Bay 

NBSD-075 77 Municipal Non-Industrial 32° 41' 16" N 11]0 7' 44" w San Diego Bay 

NBSD-076 78 Municipal N on-1 nd ustrial 32° 40' 34" N 117°6'48"W San Diego Bay 

NBSD-077 79 Municipal Non-Industrial 32° 40' 31" N 117° 6' 52" w San Diego Bay 

NBSD-078 80 Industrial Low Risk 32° 40' 31" N 11]0 6' 53" w San Diego Bay 

NBSD-079 80A Industrial High Risk 32° 40' 15" N 117° 6' 55" w San Diego Bay 

NBSD-080 81 Municipal Non-1 nd us tria I 32° 40' 31" N 117° 6' 53" w San Diego Bay 

NBSD-081 82 Municipal Non-Industrial 32° 40' 30" N 117° 6' 53" w San Diego Bay 

NBSD-082 83 Industrial Low Risk 32° 40' 31" N 117° 6' 53" w San Diego Bay 

NBSD-083 84 Municipal Non-Industrial 32° 40' 30" N 117° 6' 53" w San Diego Bay 

NBSD-084 85 Municipal Non-Industrial 32° 41' 16" N 117° 7' 52" w San Diego Bay 

NBSD-085 86 Municipal Non-1 nd ustrial 32° 41' 16" N 11JC 7' 53"W San Diego Bay 

NBSD-086 87 Municipal Non-1 ndustrial 32°41' 16" N 117° 7' 53"W San Diego Bay 

NBSD-087 88 Municipal Non-1 nd ustrial 32° 41' 16" N 11]0 7' 53" w San Diego Bay 

NBSD-088 89 Municipal Non-Industrial 32° 41' 16" N 117° 7' 53" w San Diego Bay 

NBSD-089 90 Municipal Non-Industrial 32° 41' 16" N 117° 7' 54" w San Diego Bay 

NBSD-090 91 Municipal Non-Industrial 32° 41' 16" N 117° 7' 54" w San Diego Bay 

NBSD-091 92 Municipal Non-1 nd ustrial 32° 41' 16" N 117° 7' 54" w San Diego Bay 

NBSD-092 93 Municipal Non-Industrial 32° 41' 16" N 117° 7' 55" w San Diego Bay 

NBSD-093 94 Municipal Non-1 nd ustrial 32° 41' 16" N 117° 7' 55" w San Diego Bay 

NBSD-094 95 Municipal Non-Industrial 32° 41' 16" N 117° 7' 56" w San Diego Bay 

NBSD-095 96 Municipal Non-Industrial 32° 41' 16" N 117° 7' 57" w San Diego Bay 

NBSD-096 97 Municipal Non-Industrial 32° 41' 16" N 117° 7' 58" w San Diego Bay 

NBSD-097 98 Municipal Non-Industrial 32° 41' 16" N 11]0 7' 59" w San Diego Bay 

NBSD-098 99 Municipal Non-Industrial 32° 41' 16" N 11]0 7' 60" w San Diego Bay 

NBSD-099 101 Municipal Non-1 ndustrial 32° 41' 1 0" N 11]0 7' 58" w San Diego Bay 

NBSD-100 102 Municipal Non-1 nd us trial 32° 41' 1 0" N 117° 7' 57" w San Diego Bay 

NBSD-101 103 Municipal Non-Industrial 32° 41' 16" N 117° 7' 52" w San Diego Bay 

NBSD-102 104 Municipal Non-Industrial 32° 41' 6" N 117° 7' 54" w San Diego Bay 

NBSD-103 105 Municipal Non-Industrial 32° 41' 3" N 117° 7' 50" w San Diego Bay 
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Listing of NBSD Storm Water Discharge Locations 

Discharge NavyiD Outfall Risk Receiving 
Point Number Type Level Latitude Longitude Water 

NBSD-104 106 Municipal Non-Industrial 32° 41' 2" N 117° 7' 50" w San Diego Bay 

NBSD-105 107 Industrial High Risk 32° 41' 2" N 11 ]0 7' 49" w San Diego Bay 

NBSD-106 108 Municipal Non-Industrial 32° 41' 4" N 117° 7' 45" w San Diego Bay 

NBSD-107 109 Industrial High Risk 32° 40' 55" N 117° 7' 37" w San Diego Bay 

NBSD-108 110 Industrial Low Risk 32° 40' 6" N 117° T 10" W San Diego Bay 

NBSD-109 111 Municipal Non-Industrial 32° 40' 1" N 117° T 9" W San Diego Bay 

NBSD-110 113 Municipal Non-Industrial 32° 39' 50" N 117° 7' 8" w San Diego Bay 

NBSD-111 114 Municipal Non-Industrial 32° 39' 46" N 117° T 7" W San Diego Bay 

NBSD-112 115 Municipal Non-Industrial 32° 39' 42" N 117° T 7" W San Diego Bay 

Municipal Non-1 nd ustrial 

NBSD-113 116 
and No and No 

32° 39' 35" N 117° T 6" W San Diego Bay 
Exposure Exposure 
Industrial Industrial 

NBSD-114 117 Industrial Low Risk 32° 39' 32" N 117°7'5"W San Diego Bay 

NBSD-115 119 Municipal Non-Industrial 32° 40' 39" N 117° 6' 57" w San Diego Bay 

NBSD-116 120 Municipal Non-1 nd ustrial 32° 40' 41" N 117° 6' 42" w San Diego Bay 

NBSD-117 121 Municipal Non-Industrial 32° 40' 35" N 117° 6' 45" w San Diego Bay 

NBSD-118 122 Industrial Low Risk 32° 40' 4 7" N 117° T 2" W San Diego Bay 

NBSD-119 123 Municipal Non-Industrial 32° 41' 24" N 11JO T 28" W Chollas Creek 

NBSD-120 124 Municipal Non-Industrial 32° 41' 19" N 117° T 32" W Chollas Creek 

NBSD-121 126 Municipal Non-Industrial 32° 41' 17" N 117° T 34" W Chollas Creek 

NBSD-122 129 Municipal Non-Industrial 32° 41' 17" N 117° T 39" W Chollas Creek 

NBSD-123 130 Municipal Non-1 nd ustrial 32° 41' 17" N 117° 7' 40" w San Diego Bay 

NBSD-124 132 Municipal Non-Industrial 32° 41' 17" N 117° 7' 42" w San Diego Bay 

NBSD-125 133 Municipal Non-Industrial 32° 41' 15" N 117° T 42" W San Diego Bay 

NBSD-126 135 Municipal Non-Industrial 32° 41' 16" N 117° T 52" W San Diego Bay 

NBSD-127 136 Municipal Non-1 nd ustrial 32° 41' 16" N 117° T 51" W San Diego Bay 

NBSD-128 137 Municipal Non-Industrial 32° 41' 16" N 117° T 50" W San Diego Bay 

NBSD-129 138 Municipal Non-Industrial 32° 41' 16" N 117° T 49" W San Diego Bay 

NBSD-130 139 Municipal Non-Industrial 32° 41' 16" N 117° T 49" W San Diego Bay 

NBSD-131 140 Municipal Non-Industrial 32° 41' 16" N 117° T 48" W San Diego Bay 

NBSD-132 141 Municipal Non-Industrial 32° 41' 16" N 117° T 48" W San Diego Bay 

NBSD-133 142 Municipal Non-Industrial 32° 41' 16" N 11JO T 47'' W San Diego Bay 

NBSD-134 143 Municipal Non-Industrial 32° 41' 10" N 117° T 58" W San Diego Bay 

NBSD-135 144 Industrial High Risk 32° 41' 10" N 117° T 58" W San Diego Bay 

NBSD-136 145 Municipal Non-Industrial 32° 41' 9" N 117° T 56" W San Diego Bay 

Attachment M - Storm Water Risk Level Designation M-4 
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NBSD-137 146 Municipal Non-Industrial 32° 41' 6" N 11JC 7' 54" w San Diego Bay 

NBSD-138 147 Municipal Non-1 nd ustrial 32°41'3"N 117° 7' 51" w San Diego Bay 

NBSD-139 148 Municipal Non-Industrial 32° 41' 4" N 117° 7' 45" w San Diego Bay 

NBSD-140 149 Municipal Non-Industrial 32° 41' 4" N 117° 7' 44" w San Diego Bay 

NBSD-141 150 Municipal Non-Industrial 32° 41' 30" N 117°8'1"W San Diego Bay 

NBSD-143 152 Industrial High Risk 32° 40' 55" N 117° 7' 36" w San Diego Bay 

NBSD-144 343 Industrial High Risk 32° 40' 1" N 117° 7' 9" w San Diego Bay 

NBSD-145 441 Municipal Non-Industrial 32° 41' 18" N 117° 8' 1 II w San Diego Bay 

NBSD-146 442 Municipal Non-Industrial 32° 39' 39" N 117° 7' 6" w San Diego Bay 

NBSD-147 443 Municipal Non-1 nd ustrial 32° 39' 40" N 11JC 7' 6" w San Diego Bay 

NBSD-148 444 Municipal Non-Industrial 32° 41' 28" N 11JC 7' 26" w Chollas Creek 

NBSD-149 153-171 Industrial High Risk 32° 41' 7" N 117° 8' 1 II w San Diego Bay 

NBSD-150 172-195 Industrial High Risk 32° 40' 59" N 117° 7' 53"W San Diego Bay 

NBSD-151 196-217 Industrial High Risk 32° 40' 55" N 11JC7'46"W San Diego Bay 

NBSD-152 218-247 Industrial High Risk 32° 40' 49" N 117° 7' 41 II w San Diego Bay 

NBSD-153 248-269 Industrial High Risk 32° 40' 42" N 117° 7' 36" w San Diego Bay 

NBSD-154 270-288 Industrial High Risk 32° 40' 36" N 11JC 7' 30" w San Diego Bay 

NBSD-155 289-314 Industrial High Risk 32° 40' 30" N 11JC 7' 26" w San Diego Bay 

NBSD-156 315-339 Industrial High Risk 32° 40' 23" N 117° 7' 21 II w San Diego Bay 

NBSD-157 340-341 Industrial Low Risk 32° 40' 9" N 11JC 7' 20" w San Diego Bay 

NBSD-158 391-414 Industrial High Risk 32° 39' 51" N 117°7' 14"W San Diego Bay 

NBSD-159 415-438 Industrial High Risk 32° 39' 45" N 117° 7' 13" w San Diego Bay 

Attachment M - Storm Water Risk Level Designation M-5 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
REGION IX

75 Hawthorne Street
San Francisco, CA 94105

July 8, 2013

David Barker
Supervising Water Resource Engineer
San Diego Water Board
9174 Sky Park Court, Suite 100
San Diego, CA 92123

Re: Draft NPDES Permit for the Naval Base San Diego Complex (NPDES Permit No.
CA0109169)

Dear Mr. Barker:

Thank you for the opportunity to review and comment on the draft permit (NPDES
Permit No. CA0109169) for the U.S. Navy’s Naval Base San Diego Complex. We support your
efforts in re-issuing this permit and encourage the Water Board to adopt a Final Order at the
August 14, 2013 Board Meeting.

EPA has worked closely with the State and Regional Water Boards to ensure effluent
limitations and testing are conducted consistent with federal and state requirements. EPA
strongly supports the Proposed, Order’s inclusion of chronic toxicity numeric effluent limitations
for industrial process wastewater and acute numeric effluent limitations for high risk industrial
stormwater. Furthermore, EPA supports the proposed approach of using the Test ofSignWcant
Toxicity to conduct all toxicity testing required in the permit.

According to the proposed fact sheet, chronic toxicity data for high risk industrial
stormwater outfalls are not available. Although EPA understands there is inadequate data to
support requiring numerical effluent limitations, end-of-pipe monitoring for chronic toxicity
should be incorporated into Table E-1 1 of the Order in order to inform future reasonable
potential determinations. In addition to monitoring, the Water Board should include numerical
thresholds for performing a toxicity reduction evaluation (TRE) and toxicity identification
evaluation (TIE). At a minimum, monitoring requirements should be consistent with storm water
discharge requirements in the Water Board’s recently-adopted Boatyard General Permit
(CAG7 19001) which requires twice annual monitoring for chronic toxicity.

   August 14, 2013 
Item No. 8.a 

   Supporting Document No. 4
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Aside from toxicity requirements, Section IV.G. 1 .m. authorizes the discharge of
incidental runoff from landscaped areas on the condition that the discharge does not contain
quantities of pollutants that may cause or contribute to an exceedance of a water quality standard.
The Water Board should incorporate monitoring to ensure that incidental runoff does not have an
adverse effect on water quality, or remove the exemption consistent with the San Diego MS4
Permit (CASO 109266).

If you have any questions or would like to further discuss these comments, please contact
Jamie Marincola of my staff at 415-972-3520 or via email at marincola.janiespaulepa.gov.

Sincerely,

David Smith, Manager
NPDES Permits Office (WTR-5)

August 14, 2013 
Item No. 8 

Supporting Document No. 4
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CALIFORNIA REGIONAL WATER QUALITY CONTROL BOARD 
SAN DIEGO REGION 

2375 Northside Drive, Suite 100 
San Diego, CA 92108 

(619) 516-1990  Fax (619) 516-1994 
http://www.waterboards.ca.gov 

 
ORDER NO. R9-2014-0037 

NPDES NO. CA0109363 
 

WASTE DISCHARGE REQUIREMENTS  
FOR THE 

 UNITED STATES DEPARTMENT OF THE NAVY 
NAVAL BASE POINT LOMA COMPLEX 

SAN DIEGO COUNTY 
 

The following Discharger is subject to waste discharge requirements as set forth in this Order: 

Table 1. Discharger Information 

 
 

Table 2. Discharge Location  
Discharge 

Point 
Discharge 

Description 
Discharge Point 

Latitude 
Discharge Point 

Longitude Receiving Water 

Industrial Process Water Effluent Discharges 

CS-001 

Topside 
Chlorinator / 
Dechlorinator 
Units (North) 

32º 41’ 23” N 117º 14’ 18” W San Diego Bay 

CS-002 

Topside 
Chlorinator / 
Dechlorinator 
Units (Middle) 

32º 41’ 21” N 117º 14’ 11” W San Diego Bay 

CS-003 
Topside 

Chlorinator / 
Dechlorinator 

32º 41’ 16” N 117º 14’ 6” W San Diego Bay 

Discharger United States Department of the Navy 
Name of Facility Naval Base Point Loma (NBPL) Complex 

Facility Address 

140 Sylvester Road, Building 140 Room 234 
San Diego, CA 92106 
San Diego County 

Facility Contact, Title, 
and Phone at adoption Donald ‘Angus’ MacKelvey, Environmental Program Director, (619) 533-0526 

Mailing Address Same as Facility Address 

Type of Facility Naval Base 

Facility Design Flow Not Applicable 

The United States Environmental Protection Agency (USEPA) and the California Regional Water 
Quality Control Board, San Diego Region (San Diego Water Board) have classified this discharge 
as a major discharge. 
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Discharge 
Point 

Discharge 
Description 

Discharge Point 
Latitude 

Discharge Point 
Longitude Receiving Water 

Units (South) 
PW-001 Pier Washing 32º 41’ 37” N 117º 14’ 19” W San Diego Bay 

PW-002 
Pier Piling and 

Wing Wall 
Washing 

32º 42’ 13” N 117º 14’ 8” W San Diego Bay 

MP-
001(formerly 

DP-002) 

Marine Mammal 
Pool[3] 32º 42’ 8” N 117º 14’ 14” W San Diego Bay 

MP-002 
(formerly 
DP-001) 

Marine Mammal 
Pool[3] 32º 41’ 57” N 117º 14’ 21” W San Diego Bay 

MP-003 
Marine Mammal 
Pool Temporary 

Location[3] 
32º 43’ 35” N 117º 12’ 58” W San Diego Bay 

UBW-001 Unused Bay 
Water 32º 42’ 19” N 117º 14’ 11” W San Diego Bay 

ABL-001 Abalone Tank 32º 41’ 33” N 117º 14’ 22” W San Diego Bay 

BW-001 Pier Boom 
Cleaning[1] 32º 41’ 19” N 117º 14’ 19” W San Diego Bay 

ME-001 
Marine Mammal 

Enclosure 
Cleaning[3] 

32º 42’ 15” N 117º 14’ 8” W San Diego Bay 

ME-002 
Marine Mammal 

Enclosure 
Cleaning[3] 

32º 41’ 9” N 117º 14’ 11” W San Diego Bay 

ME-003 
Marine Mammal 

Enclosure 
Cleaning[3] 

32º 41’ 53” N 117º 14’ 18” W San Diego Bay 

ME-004 

Marine Mammal 
Enclosure 
Temporary 
Location[3] 

32º 43’ 35” N 117º 12’ 58” W San Diego Bay 

BR-001 Small boat rinsing 32º 42’ 13” N 117º 14’ 11” W San Diego Bay 
BR-002 Small boat rinsing 32º 43’ 21” N 117º 13’ 10” W San Diego Bay 

UV-001 
Utility Vault 

Dewatering Switch 
Station A 

32º 42’ 23” N 117º 14’ 47” W San Diego Bay 

UV-002 
Utility Vault 

Dewatering Switch 
Station B 

32º 42’ 9” N 117º 14’ 24” W San Diego Bay 

UV-003 
Utility Vault 

Dewatering Switch 
Station C 

32º 41’ 17” N 117º 14’ 20” W San Diego Bay 

UV-004 
Utility Vault 

Dewatering Switch 
Station H 

32º 42’ 37” N 117º 14’ 58” W San Diego Bay 

UV-005 
Utility Vault 

Dewatering Switch 
Station L 

32º 41’ 36” N 117º 15’ 0” W San Diego Bay 

UV-006 Utility Vault 
Dewatering Switch 32º 42’ 25” N 117º 14’ 39” W San Diego Bay 
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Discharge 
Point 

Discharge 
Description 

Discharge Point 
Latitude 

Discharge Point 
Longitude Receiving Water 

Station P 

UV-007 
Utility Vault 

Dewatering Switch 
Station V 

32º 43’ 29” N 117º 13’ 8” W San Diego Bay 

UV-008 
Utility Vault 

Dewatering Pier 
5003 Vault 1 

32º 42’ 24” N 117º 14’ 16” W San Diego Bay 

UV-009 
Utility Vault 

Dewatering Pier 
5003 Vault 2 

32º 41’ 25” N 117º 14’ 14” W San Diego Bay 

UV-010 
Utility Vault 

Dewatering Pier 
5000 Vault 1 

32º 41’ 19” N 117º 14’ 15” W San Diego Bay 

UV-011 
Utility Vault 

Dewatering Pier 
5000 Vault 2 

32º 41’ 19” N 117º 14’ 14” W San Diego Bay 

UV-012 
Utility Vault 

Dewatering Pier 
5000 Vault 3 

32º 41’ 21” N 117º 14’ 11” W San Diego Bay 

UV-013 
Utility Vault 

Dewatering Pier 
5000 Vault 4 

32º 41’ 22” N 117º 14’ 9” W San Diego Bay 

UV-014 
Utility Vault 

Dewatering Pier 
5000 Vault 5 

32º 41’ 22” N 117º 14’ 7” W San Diego Bay 

UV-015 
Utility Vault 

Dewatering Pier 
5002 Vault 1 

32º 41’ 14” N 117º 14’ 11” W San Diego Bay 

UV-016 
Utility Vault 

Dewatering Pier 
5002 Vault 2 

32º 41’ 15” N 117º 14’ 10” W San Diego Bay 

UV-017 
Utility Vault 

Dewatering Pier 
5002 Vault 3 

32º 41’ 17” N 117º 14’ 5” W San Diego Bay 

UV-018 
Utility Vault 

Dewatering Pier 
544 Vault 

32º 41’ 6” N 117º 14’ 24” W San Diego Bay 

Small Municipal Separate Storm Sewer System (MS4) Discharges 

See 
Attachment  

M of this 
order 

Storm Water (wet 
weather) and Non-
Storm Water (dry 

weather) 

See Attachment  M 
of this order 

See Attachment  M 
of this order 

Pacific Ocean or San 
Diego Bay 

Industrial No Exposure Area Storm Water Discharges 

See 
Attachment  

M of this 
order 

Industrial No 
Exposure Area 

Storm Water (wet 
weather) and Non-
Storm Water (dry 

weather) 

See Attachment  M 
of this order 

See Attachment  M 
of this order 

Pacific Ocean or San 
Diego Bay 
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I. FACILITY INFORMATION 

Information describing the Naval Base Point Loma Complex (NBPL or Facility) is summarized 
above in Table 1 and in sections I and II of the Fact Sheet (Attachment F).  Section I of the Fact 
Sheet also includes information regarding the Facility’s permit application. 

II. FINDINGS 

The California Regional Water Quality Control Board, San Diego Region (San Diego Water Board), 
finds: 

A. Background.  The United States Department of the Navy (Navy or Discharger) previously 
discharged pursuant to Order No. R9-2002-0002, National Pollutant Discharge Elimination 
System (NPDES) Permit No. CA0109363. 

 
The Discharger submitted a Report of Waste Discharge (ROWD) dated May 31, 2007, and an 
updated ROWD dated  May 17, 2012, in application for the reissuance of  an NPDES permit to 
discharge topside chlorinator units wastewater, pier washing wastewater, pier boom cleaning 
wastewater, marine mammal pool wastewater, marine mammal enclosure cleaning wastewater, 
unused returned San Diego Bay water, abalone tank wastewater, small boat rinsing wastewater, 
utility vault and manhole dewatering wastewater, miscellaneous wastewater, and industrial and 
non-industrial storm water at numerous discharge locations from the Facility.  The application 
was deemed complete on February 10, 2014.  Additional information was submitted after the 
application was deemed complete. Site visits were conducted on September 23, 2013, and April 
3, 2014, to observe operations and collect additional data to develop permit limitations and 
requirements for waste discharge. 
 
For the purposes of this Order, references to the “discharger” or “permittee” in applicable federal 
and state laws, regulations, plans, or policy are held to be equivalent to references to the 
Discharger herein. 

B. Facility Description.  The Naval Base Point Loma Complex is managed by the Commander, 
Navy Region Southwest (CNRSW) command structure and is comprised of the following nine 
installations:   

 
• Naval Base Point Loma (NBPL-Main Base, previously Naval Submarine Base, San Diego 

[SUBASE]);  
• Fleet Logistics Center San Diego (FLC San Diego, previously Fleet and Industrial Supply 

Center [FISC]);  
• Naval Mine and Anti-Submarine Warfare Complex (NMAWC, previously Fleet Anti-

Submarine Warfare Training Center, Pacific [FASW]);  
• Fleet Combat Training Center, Pacific (FCTCPAC) and Commander Third Fleet;  
• Fleet Intelligence Training Center, Pacific (FITCPAC);  
• Magnetic Silencing Facility (MSF);  
• Naval Facilities Engineering Command Southwest, Taylor Street Facility (NAVFAC SW 

TSF);  
• Space and Naval Warfare Systems Center Pacific, Point Loma Campus (SSC Pacific PLC); 

and  
• Space and Naval Warfare Systems Center Pacific, Old Town Campus (SSC Pacific OTC).  
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These installations are hereinafter jointly referred to as “Facility”. 
 
Figure B-1 of Attachment B of this Order provides a vicinity map showing the locations of the      
installations that comprise the Facility. 

 
 

C.  Discharge Descriptions. This Order establishes requirements for the following categories of 
discharges from the Facility: 

 
 Industrial Process Wastewater 1.

The types of industrial process wastewaters discharged from the Facility to San Diego Bay 
and/or the Pacific Ocean, waters of the United States (U.S.), are described in the table 
below: 

Table 4. Industrial Process Wastewater Discharge Types 
Type of Discharge Discharge Point Nos. 

Topside Chlorinator/Dechlorinator Unit 
Wastewater CS-001 through CS-003 

Pier Washing Wastewater PW-001 and PW-002 
Marine Mammal Pool Wastewater MP-001 and MP-003 
Returned, Unused San Diego Bay Water UBW-001 
Abalone Tank Wastewater ABL-001 
Pier Boom Cleaning Water BW-001 
Marine Mammal Enclosure Cleaning 
Wastewater ME-001 through ME-004 

Small Boat Rinsing Wastewater BR-001 and BR-002 
Utility Vault and Manhole Dewatering UV-001 through UV-018 
USS ARCO Flood Water USS ARCO 
 
Attachment C of this Order provides flow schematics of industrial process wastewater 
discharges from the Facility. Section II.B of Attachment F (Fact Sheet) of this Order provides 
a description of each industrial process wastewater discharge 

 Industrial Storm Water Runoff  2.

Industrial storm water discharges occur from areas of the Facility identified as Industrial 
Areas in the maps submitted in April 2014, and included in Attachment B of this Order.  
Industrial areas are broken down into the following risk level designations: Industrial No 
Exposure Areas, Industrial Low Risk Areas, and Industrial High Risk Areas.  Industrial storm 
water discharges from areas at the Facility designated as Industrial High Risk Areas as 
described under section IV.B of this Order, and including areas such as piers where vessel 
maintenance and repair activities are expected to occur, are subject to effluent limitations for 
acute toxicity.  All industrial storm water discharges are subject to continued coverage under 
a Storm Water Pollution Prevention Plan (SWPPP).  Industrial storm water from Industrial 
Low Risk Areas and Industrial High Risk Areas are subject to Numeric Action Levels (NALs) 
as described in section IV.E.3 or this Order.  Section II.B.1 of Attachment F (Fact Sheet) of 
this Order provides a description of industrial storm water discharges. Attachment M of this 
Order provides a list of storm water discharges, the risk designations associated with each 
discharge, and the associated receiving waters 
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 Municipal Storm Water Runoff   3.

Storm water (wet weather) and non-storm water (dry weather) discharges occur through 
Small (Phase II) Municipal Separate Storm Sewer Systems (MS4s) at numerous locations 
throughout the Facility.  This Order regulates the discharge of storm water (wet weather) 
and non-storm water (dry weather) from the Facility to waters of the U.S., including San 
Diego Bay, the Pacific Ocean, and other unnamed waters of the Point Loma Hydrologic 
Area (908.10) of the Pueblo San Diego Hydrologic Unit (908.00), pursuant to federal Clean 
Water Act (CWA) section 402(p) as discharges from a non-traditional Phase II MS4.   
Section II.B of Attachment F (Fact Sheet) of this Order provides a description of Small MS4 
discharges.  Attachment M of this Order provides a list of the Small MS4 discharge locations 
and the associated receiving waters. 

D. Legal Authorities.  This Order serves as Waste Discharge Requirements (WDRs) pursuant to 
article 4, chapter 4, division 7 of the California Water Code (CWC) commencing with section 
13260.  This Order is also issued pursuant to section 402 of the CWA and implementing 
regulations adopted by the United States Environmental Protection Agency (USEPA) and 
chapter 5.5, division 7 of the CWC commencing with section 13370.  This Order shall serve as 
an NPDES permit for point source discharges from this facility to surface waters.  

 
E. Background and Rationale for Requirements.  The San Diego Water Board developed the 

requirements in this Order based on information submitted as part of the application, through 
monitoring and reporting programs, and other available information.  The Fact Sheet 
(Attachment F), which contains background information and rationale for the requirements in 
this Order, is hereby incorporated into and constitutes Findings for this Order. Attachments A 
through E and G through M are also incorporated into this Order. 

 
F. Provisions and Requirements Implementing State Law.  Some of the 

provisions/requirements in subsections VI.A.2, VI.B.2, VI.C.1.d, VI.C.3, and VI.C.4 of this Order 
are included to implement state law only.  These provisions/requirements are not required or 
authorized under the federal CWA; consequently, violations of these provisions/requirements 
are not subject to the enforcement remedies that are available for NPDES violations. 

 
G. Executive Officer Delegation of Authority. The San Diego Water Board by prior resolution 

has delegated all matters that may legally be delegated to its Executive Officer to act on its 
behalf pursuant to CWC section 13223. Therefore, the Executive Officer is authorized to act on 
the San Diego Water Board’s behalf on any matter within this Order unless such delegation is 
unlawful under CWC section 13223 or this Order explicitly states otherwise. 

 
H. Notification of Interested Parties.  Prior to the adoption of this Order, the San Diego Water 

Board notified the Discharger and other interested agencies and persons of its intent to 
prescribe WDRs for the discharge and provided them with an opportunity to submit their written 
comments and recommendations.  Details of this notification are provided in the Fact Sheet of 
this Order. 

 
I. Consideration of Public Comment.  The San Diego Water Board, in a public meeting, heard 

and considered all comments pertaining to the discharge.  Details of the Public Hearing are 
provided in the Fact Sheet of this Order.
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THEREFORE, IT IS HEREBY ORDERED that this Order supersedes Order No. R9-2002-0002 
except for enforcement purposes, and, in order to meet the provisions contained in division 7 of the 
CWC (commencing with section 13000) and regulations adopted thereunder, and the provisions of 
the CWA and regulations and guidelines adopted thereunder, the Discharger shall comply with the 
requirements in this Order.     

III. DISCHARGE PROHIBITIONS 

A. The dumping, deposition or discharge of the following wastes directly into waters of the U.S., 
including but not limited to the Pacific Ocean and San Diego Bay, or adjacent to such waters in 
any manner which may permit its being transported into the waters is prohibited: 

 
1. paint chips; 
2. blasting materials; 
3. paint over spray; 
4. paint; 
5. water contaminated with abrasive blast materials, paint, oils, fuels, lubricants, solvents, or 

petroleum; 
6. hydro-blast water; 
7. tank cleaning water such as to remove sludge and/or dirt; 
8. clarified water from an oil and water separator, except for storm water discharges treated by 

an oil and water separator and having coverage under this Order; 
9. steam cleaning water; 
10. pipe and tank hydrostatic test water, unless regulated by an NPDES permit; 
11. saltbox water; 
12. hydraulic oil; 
13. fuel; 
14. trash; 
15. refuse and rubbish including but not limited to cans, bottles, paper, plastics, vegetable 

matter or dead animals; 
16. fiberglass dust; 
17. swept materials; 
18. ship repair and maintenance activity debris; 
19. waste zinc plates; 
20. demineralizer and reverse osmosis brine; and 
21. oily bilge water. 

 

B. Small boat rinsing, marine mammal pool, and marine mammal enclosure cleaning discharges 
having a maximum temperature greater than 20ºF above the natural receiving water when they 
enter the receiving water are prohibited. 
 

C. The discharge of any radiological, chemical, or biological warfare agent or high-level radioactive 
waste into San Diego Bay or the Pacific Ocean is prohibited. 
 

D. All discharges regulated under this Order shall comply with discharge prohibitions contained in 
the San Diego Water Board’s Water Quality Control Plan for the San Diego Basin (Basin Plan) 
and other applicable statewide water quality control plans.  The San Diego Water Board’s Basin 
Plan Waste Discharge Prohibitions are hereby incorporated in this Order by reference as if fully 
set forth herein and are listed in Attachment J of this Order. 
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E. Discharges of wastes to waters of the U.S., including but not limited to San Diego Bay and the 

Pacific Ocean, are prohibited except as specifically authorized by and described in, this Order or 
another NPDES permit. 
 

F. Except as provided in Non-Storm Water Specifications, section IV.F of this Order or as 
otherwise regulated by this Order, discharges of liquids or materials others than storm water 
(i.e. non-storm water discharges) either directly or indirectly to waters of the U.S., including but 
not limited to San Diego Bay or the Pacific Ocean are prohibited.  Non-storm water discharges 
that are not authorized under section IV.F of this Order or by a separate NPDES permit are 
prohibited. 
 

G. The discharge of the first ¼ inch of storm water runoff from all areas designated as Industrial 
High Risk areas under section IV.B of this Order is prohibited, except if the pollutants in the 
discharge are reduced to levels that comply with the requirements of section IV.C.   Effluent 
limitations contained in section IV.C remain applicable to discharges after the first ¼ inch of 
storm water runoff has been discharged or contained on-site. 
 

H. The discharge of materials of petroleum origin in sufficient quantities to be visible in the 
receiving water is prohibited. 
 

I. Discharges to waters of the U.S., including but not limited to San Diego Bay and the Pacific 
Ocean, containing a hazardous substance equal to, or in excess of, a reportable quantity listed 
in title 40 of the Code of Federal Regulations (40 CFR) part 117, Security Classification 
Regulations Pursuant To Executive Order 11652 or 40 CFR part 302, Designation, Reportable 
Quantities, and Notification are prohibited. 
 

J. Total chlorine residual may not be discharged from any single topside chlorinator/dechlorinator 
unit for more than two hours per calendar day.   
 

 
IV. EFFLUENT LIMITATIONS AND DISCHARGE SPECIFICATIONS 

A. Effluent Limitations for Industrial Process Wastewater 

 The following industrial process wastewaters are regulated using a BMP approach under 1.
section VI.C.3 of this Order: 

Table 5. Industrial Process Wastewaters Regulated with BMPs 
Type of Discharge Discharge Point Nos. 

Topside Chlorinator/Dechlorinator Unit 
Wastewater CS-001 through CS-003 

Pier Washing Wastewater PW-001 and PW-002 
Marine Mammal Pool Wastewater MP-001 and MP-003 
Returned, Unused San Diego Bay Water UBW-001 
Abalone Tank Wastewater ABL-001 
Pier Boom Cleaning Water BW-001 
Marine Mammal Enclosure Cleaning 
Wastewater ME-001 through ME-004 

Small Boat Rinsing Wastewater BR-001 and BR-002 
Utility Vault and Manhole Dewatering UV-001 through UV-018 
USS ARCO Flood Water USS ARCO 
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 Final Effluent Limitations for Topside Chlorinator/Dechlorinator Units – Discharge Point Nos. 2.
CS-001 through CS-003 

The Discharger shall maintain compliance with the following effluent limitations in Table 6 at 
Discharge Point Nos. CS-001 through CS-003 with compliance measured at Monitoring 
Locations CS-001 through CS-003 as described in the Monitoring and Reporting Program 
(MRP), Attachment E of this Order. 
 

Table 6. Effluent Limitations for Topside Chlorinator/Dechlorinator Units 

Parameter Units 
Effluent Limitations 

Average 
Monthly 

Weekly 
Average 

Maximum 
Daily 

Instantaneous 
Maximum 

Total Residual 
Chlorine 

µg/L -- -- -- 8.11 

lbs/day -- -- -- 0.0122 

[1] The concentration based effluent limitation for total residual chlorine is calculated based on two hours of 
chlorination.  

[2] The mass-based effluent limitation for total residual chlorine is calculated with a flow rate of 1500 GPM 
and is for each submarine that is chlorinating. 

 
 

 
B. Storm Water Risk Level Designations 

1. Storm Water Risk Level Designation Definitions 

a. Small Municipal Separate Storm Sewer System (Small MS4) Areas.  Areas where no 
industrial activities occur.  Areas designated as “Small MS4 Areas” are subject to the 
technology-based standard of maximum extent practicable (MEP) and Storm Water 
Management Program (SWMP) requirements contained in section VI.D of this Order. 

b. Industrial No Exposure Areas. Areas where all industrial materials and activities are 
protected by a storm resistant shelter1 to prevent exposure to rain, snow, snowmelt, 
and/or runoff. “Industrial materials and activities” include, but are not limited to, material 
handling2 equipment or activities, industrial machinery, raw materials, intermediate 
products, by-products, final products, and waste products.  

c. Industrial Low Risk Areas. All areas where wastes or pollutants from industrial 
activities are subject to precipitation, run-on, and/or runoff and which are not classified 
as Industrial No Exposure Areas or Industrial High Risk Areas.  
 

d. Industrial High Risk Areas.  All areas where wastes or pollutants of significant 
quantities from ship construction, modification, repair, and maintenance activities 
(including abrasive blast grit material, primer, paint, paint chips, solvents, oils, fuels, 

                                                
1 “Storm-resistant shelters” include completely roofed and walled buildings or structures. They also include 

structures with only a top cover supported by permanent supports but with no side coverings provided material 
within the structure is not subject to wind dispersion (sawdust, powders, etc), track-out, and there is no storm 
water discharged from within the structure that has come into contact with any materials. 

 
2 “Material handling activities” include the storage, loading and unloading, transportation, or conveyance of any 

raw material, intermediate product, final product, or waste product. 
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sludges, detergents, cleansers, hazardous substances, toxic pollutants, non-
conventional pollutants, materials of petroleum origin, or other substances of water 
quality significance) are subject to precipitation, run-on, and/or runoff.   

2. Annual Storm Water Risk Designation Level Report 

Annually, the Discharger shall conduct a complete and thorough survey of the Facility to 
identify and categorize all areas and the associated storm water drainage system(s) and 
outfall(s) (i.e. discharge point(s)) in accordance with the risk level designations.  Storm water 
drainage systems and outfalls that receive storm water runoff from areas that have multiple 
risk levels shall be designated as having the highest risk level occurring in that area.  The 
Discharger shall prepare and submit an Annual Storm Water Risk Level Designation Report 
by September 1 of each year containing the results of the surveys conducted in the previous 
July 1 through June 30 period including the following information: 

a. Master List. An updated list of all facility discharge locations containing discharge point 
identification numbers, summary activity descriptions of the drainage area(s)  tributary to 
each discharge point,  the storm water risk level designation,  the longitude and latitude 
of the outfall location, and the name of the receiving water. The current Master Risk 
Designation List is included as Attachment M of this Order and the updated master list 
shall be in a format suitable for the replacement of Attachment M.  
 

b. Map. A Facility map clearly labeled with (i) storm water discharge points; (ii) storm drain 
systems, features, drainage basin boundaries, and risk level designations; and (iii) land 
uses.  The current Master Risk Designation Facility Map is included in Attachment B of 
this Order and updated maps shall be in a format suitable for the replacement of the 
figures in Attachment B. 

c. Proposed Revisions. A description of any proposed changes to the (i) storm water 
discharge points; (ii) storm drain systems, features, drainage basin boundaries, and risk 
levels; and (iii) land use designations from the previous year. 

3. Annual Storm Water Risk Level Designation Implementation 

The Discharger shall implement the results of the Annual Storm Water Risk Level 
Designation Report by October 1, unless directed otherwise in writing by the San Diego 
Water Board.  The updated Master Risk Designation List and Facility Map will supersede 
Attachment M of this Order except for enforcement purposes,  and shall become an 
enforceable condition of this Order on October 1, unless directed otherwise in writing by the 
San Diego Water Board.  The San Diego Water Board retains the right to require revisions 
to the Discharger designated risk levels based on relevant evidence, whether direct or 
circumstantial, including but not limited to, evidence in the following categories: 

a. Site characteristics and location in relation to potential sources of a discharge; 

b. Industry-wide operational practices that have led to discharges;   

c. Evidence of poor management of materials or wastes, such as improper storage 
practices or inability to reconcile inventories; 

d. Lack of documentation of responsible management of materials or wastes, such as lack 
of manifests or lack of documentation of proper disposal; 
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e. Physical evidence, such as analytical data, soil or pavement staining, or unusual odor or 
appearance; 

f. Reports or complaints;  

g. Other agencies’ records of possible or known discharges; and 

h. Refusal or failure to respond to San Diego Water Board inquires. 

4. Storm Water Risk Level Inspections 

The Discharger shall conduct periodic inspections throughout the year to ensure that storm 
water risk level designations remain applicable and on-site operations have not changed 
sufficiently to warrant a revised risk level.  These inspections may be conducted 
simultaneously with inspections conducted pursuant to other sections of this Order.   If at 
any time the Discharger identifies a necessary revision to an area’s risk level, the Discharger 
shall implement Best Management Practices (BMPs) and other requirements of the area’s 
new risk level by the next storm event, unless additional time is approved by the San Diego 
Water Board. All risk level revisions shall be included in the Annual Storm Water Risk Level 
Designation Report. 

C. Effluent Limitations for Discharges from Industrial High Risk Areas  

 For discharges of pollutants in storm water discharges, from areas designated under section 1.
IV.B.1. of this Order as Industrial High Risk Areas, the Discharger shall maintain compliance 
with the following Maximum Daily Effluent Limitations (MDEL) for acute toxicity with 
compliance measured at Monitoring Locations as described in the Monitoring and Reporting 
Program (MRP) Attachment E and Attachment M as updated annually of this Order.   

 The Acute Toxicity MDEL is based on the outcome of the Test of Significant Toxicity (TST) 2.
approach and the resulting percent effect at the Instream Waste Concentration (IWC).  The 
MDEL is exceeded when a toxicity test results in a “fail,” and the percent effect is greater 
than or equal to 0.40 for acute toxicity tests in accordance with Compliance Determination, 
Section VII. of this Order. 

D. Small MS4 Discharge Specifications 

1. Pollutant Reduction to MEP. The Discharger shall reduce pollutants in storm water 
discharges from areas, designated under section IV.B. of this Order as “Small (Military 
Base) MS4 Areas”, to the technology–based standard of MEP to attain compliance with 
water quality standards set forth in section V, Receiving Water Limitations of this Order. 

2. Storm Water Management Plan (SWMP) Implementation. The Discharger shall prepare 
and submit to the San Diego Water Board, an adequate SWMP no later than 18 months 
following the effective date of this Order.  The Discharger shall implement the SWMP no 
later than 24 months following the effective date of this Order.  The Discharger shall make 
revisions to the SWMP as necessary or required by the San Diego Water Board.  The 
SWMP shall be designed to reduce the discharge of pollutants from “Small (Military Base) 
MS4 Areas” to the technology–based standard of MEP to protect receiving water quality.  
The SWMP shall serve as the framework for identification, assignment, and implementation 
of measures and BMPs to control Small (Military Base) MS4 discharges.  Existing programs 
such as street sweeping that have storm water quality benefits should be identified in the 
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SWMP and be a part of the Discharger’s storm water program. The SWMP shall at a 
minimum contain the elements described in Attachment L of this Order. 

E. Industrial Storm Water Discharge Specifications – No Exposure Areas, Industrial Low 
Risk Areas, and Industrial High Risk Areas 

 Pollutant Reduction to Best Available Technology Economically Achievable (BAT) 1.
and Best Conventional Pollutant Control Technology (BCT).   The Discharger shall 
reduce pollutants in storm water discharges from areas, designated under section IV.B of 
this Order as Industrial No Exposure Areas, Industrial Low Risk Areas, and Industrial High 
Risk Areas to do the following: 

a. Attain the technology–based standards of BAT for toxic and non-conventional pollutants, 
and BCT for conventional pollutants; and 

b. Attain compliance with applicable effluent limitations set forth in section IV, Effluent 
Limitations and Discharge Specifications of this Order and water quality standards set 
forth in section V, Receiving Water Limitations of this Order.  

 
 Storm Water Pollution Prevention Plan (SWPPP) Requirements.   2.

a. The Discharger shall continue to maintain and implement an effective SWPPP designed 
to reduce or prevent the discharge of pollutants from industrial activities conducted in 
Industrial No Exposure Areas, Industrial Low Risk Areas, and Industrial High Risk Areas 
to the technology–based standards of BAT for toxic and non-conventional pollutants, 
and BCT for conventional pollutants.  

b. The SWPPP shall include identification, assignment, and guidance for implementation of 
measures and BMPs to control discharges from industrial activities in the Industrial No 
Exposure, Industrial Low Risk and Industrial High Risk Areas of NBPL. The BMPs and 
measures shall be selected to achieve BAT/BCT and compliance with all receiving water 
limitations.   

c. At a minimum, the SWPPP shall contain the elements and be implemented in 
accordance with Attachment G of this Order.  
 

 Numeric Action Levels (NALs) for Industrial High Risk Areas and Industrial Low Risk 3.
Areas.   
 
The NALs described in Table G-1 of Attachment G of this Order are used as numeric 
thresholds for corrective action.  An exceedance of a NAL is not a violation of this Order.  
The Discharger shall implement corrective actions as described below. 

a. NAL Exceedance Determination Method: 

i. Annual NAL Exceedance. The Discharger shall determine the average 
concentration for each parameter using the results of all the industrial storm water 
sampling and analytical results for the entire Facility for the reporting year (i.e., all 
"effluent" data).  This average concentration for each parameter shall be compared 
to the corresponding annual NAL values in Table G-1.  For Dischargers using 
composite sampling or flow-weighted measurements in accordance with standard 
practices, the average concentrations shall be calculated in accordance with the 
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USEPA Industrial Stormwater Monitoring and Sampling Guide.3  An annual NAL 
exceedance occurs when the average of all the analytical results for a parameter 
from samples taken within a reporting year exceeds an annual NAL value for that 
parameter listed in Table G-1 (or is outside the NAL pH range).  The Discharger has 
the option of calculating the flow weighted average concentration for all industrial 
storm water effluent data for the entire facility as shown below to compare the 
corresponding annual NAL values in Table G-1:  

  
            FWAC = ∑ 𝑄𝑛𝐶𝑛𝑛=5

𝑛=1
∑ 𝑄𝑛𝑛=5
𝑛=1

 

 
Where: 
 
FWAC = Flow weighted average concentration 
Qn = Flow rate of discharge at time of sample collection 
Cn = Concentration of chemical in the collected sample 
n = Number of discharge points 
 
The flow rate for each discharge point is multiplied by the concentration (C) in the 
sample from that discharge point.  This sum is divided by the total flow rate for all of 
the discharge points. 

For calculating the average, all effluent sampling analytical results that are reported 
by the laboratory as “non-detect" or less than the Method Detection Limit (MDL), a 
value of zero shall be used.  Any results reported by the laboratory as “Detected Not 
Quantifiable” or less than the Minimum Level (ML) but above the MDL, a value of the 
MDL plus ½ the difference between the MDL and the ML shall be used. 

ii. Instantaneous Maximum NAL Exceedance. The Discharger shall compare all 
industrial storm water analytical results from each distinct sample (grab or 
composite) to the corresponding instantaneous maximum NAL values in Table G-1. 
An instantaneous maximum NAL exceedance occurs when two or more analytical 
results for TSS, oil and grease, or pH from samples taken within a reporting year 
exceed the instantaneous maximum NAL value (or is outside the NAL pH range). 

iii. Exceedances of the Annual NAL or Instantaneous Maximum NAL are not a violation 
of this Order.   

b. NAL Exceedance Response Actions (ERAs)  

i. Baseline Status – No Exceedance 

(a) The Discharger will automatically be placed in Baseline status at the beginning of 
the permit term.   

                                                
3 US EPA. “Industrial Stormwater Monitoring and Sampling Guide.” March 2009. EPA 832-B-09-003 Web 7 April 

2014.  <http://www.epa.gov/npdes/pubs/msgp_monitoring_guide.pdf>.  
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ii. Level 1 Status  

A Discharger’s Baseline status for any given parameter shall change to Level 1 
status if sampling results indicate an NAL exceedance for that same parameter. 
Level 1 status will commence on July 1 following the reporting year during which the 
exceedance(s) occurred. 

(a) Level 1 ERA Evaluation. By October 1 following commencement of Level 1 
status for any parameter with sampling results indicating an NAL exceedance, 
the Discharger shall: 

(1) Complete an evaluation of the industrial pollutant sources at the facility that 
are or may be related to the NAL exceedance(s); and, 

(2) Identify in the evaluation the corresponding BMPs in the SWPPP and any 
additional BMPs and SWPPP revisions necessary to prevent future NAL 
exceedances and to comply with the requirements of this Order. Although the 
evaluation may focus on the drainage areas where the NAL exceedance(s) 
occurred, all drainage areas shall be evaluated.  

(b) Level 1 ERA Report.  Based on the above evaluation, the Discharger shall, as 
soon as practicable, but no later than January 1 following commencement of 
Level 1 status: 

(1) Revise the SWPPP as necessary and implement any additional BMPs 
identified in the evaluation; 

(2) Certify and submit a Level 1 ERA Report that includes the following: 

a) A summary of the Level 1 ERA Evaluation required in section 
IV.E.3.b.ii.(a) above; and 

b) A detailed description of the SWPPP and any additional BMPs for each 
parameter that exceeded an NAL. 

(c) Return to Baseline.  A Discharger’s Level 1 status for a parameter will return to 
Baseline status once a Level 1 ERA report has been completed, all identified 
additional BMPs have been implemented, and results from four (4) consecutive 
QSEs that were sampled subsequent to BMP implementation indicate no 
additional NAL exceedances for that parameter. 

(d) NAL Exceedances Prior to Implementation of Level 1 Status BMPs.  Prior to 
the implementation of an additional BMP identified in the Level 1 ERA Evaluation 
or October 1, whichever comes first, sampling results for any parameter(s) being 
addressed by that additional BMP will not be included in the calculations of 
annual average or instantaneous NAL exceedances. 

iii.  Level 2 Status  

 A Discharger’s Level 1 status for any given parameter shall change to Level 2 
status if sampling results indicate an NAL exceedance for that same parameter 
while the Discharger is in Level 1.  Level 2 status will commence on July 1 
following the reporting year during which the NAL exceedance(s) occurred. 
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(a) Level 2 ERA Action Plan 

(1) Dischargers with Level 2 status shall certify and submit a Level 2 ERA Action 
Plan that addresses each new Level 2 NAL exceedance by January 1 
following the reporting year during which the NAL exceedance(s) occurred. 
For each new Level 2 NAL exceedance, the Level 2 Action Plan will identify 
which of the demonstrations in section X.B of Attachment G the Discharger 
has selected to perform. A new Level 2 NAL exceedance is any Level 2 NAL 
exceedance for 1) a new parameter in any drainage area, or 2) the same 
parameter that is being addressed in an existing Level 2 ERA Action Plan in a 
different drainage area. 

(2) The Level 2 ERA Action Plan shall at a minimum address the drainage areas 
with corresponding Level 2 NAL exceedances. 

(3) All elements of the Level 2 ERA Action Plan shall be implemented as soon as 
practicable and completed no later than 1 year after submitting the Level 2 
ERA Action Plan. 

(4) The Level 2 ERA Action Plan shall include a schedule and a detailed 
description of the tasks required to complete the Discharger’s selected 
demonstration(s) as described below in section X.B of Attachment G. 

(b) Level 2 ERA Technical Report 

(1) On January 1 of the reporting year following the submittal of the Level 2 ERA 
Action Plan, a Discharger with Level 2 status shall certify and submit a Level 
2 ERA Technical Report that includes one or more of the following 
demonstrations described in section X.B of Attachment G to this order: 

 Industrial Activity BMPs Demonstration: a)

 Non-Industrial Pollutant Source Demonstration; or b)

 Natural Background Pollutant Source Demonstration. c)

(2) The San Diego Water Board may review the submitted Level 2 ERA 
Technical Reports. Upon review of a Level 2 ERA Technical Report, the San 
Diego Water Board may reject the Level 2 ERA Technical Report and direct 
the Discharger to take further action(s) to comply with this Order. 

(3) Dischargers with Level 2 status who have submitted the Level 2 ERA 
Technical Report are only required to annually update the Level 2 ERA 
Technical Report based upon additional NAL exceedances of the same 
parameter and same drainage area, facility operational changes, pollutant 
source(s) changes, and/or information that becomes available via compliance 
activities (monthly visual observations, sampling results, annual evaluation, 
etc.). The Level 2 ERA Technical Report shall be certified and submitted by 
the Discharger with each Annual Report. If there are no changes prompting 
an update of the Level 2 ERA Technical Report, as specified above, the 
Discharger will provide this certification in the Annual Report that there have 
been no changes warranting re-submittal of the Level 2 ERA Technical 
Report. 
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(4) Dischargers are not precluded from submitting a Level 2 ERA Action Plan or 
ERA Technical Report prior to entering Level 2 status if information is 
available to adequately prepare the report and perform the demonstrations 
described above. A Discharger who chooses to submit a Level 2 ERA Action 
Plan or ERA Technical Report prior to entering Level 2 status will 
automatically be placed in Level 2 in accordance to the Level 2 ERA 
schedule. 

(5) Eligibility for Returning to Baseline Status 

 Dischargers with Level 2 status who submit an Industrial Activity BMPs a)
Demonstration in accordance with section X.B.1 of Attachment G and 
have implemented BMPs to prevent future NAL exceedance(s) for the 
Level 2 parameter(s) shall return to baseline status for that parameter, if 
results from four (4) subsequent consecutive QSEs sampled indicate no 
additional NAL exceedance(s) for that parameter(s). If future NAL 
exceedances occur for the same parameter(s), the Discharger’s Baseline 
status will return to Level 2 status on July 1 in the subsequent reporting 
year during which the NAL exceedance(s) occurred. These Dischargers 
shall update the Level 2 ERA Technical Report as required above in 
section IV.E.3.b.3)b). 

 Dischargers are ineligible to return to baseline status if they submit any of b)
the following: 

(i) A industrial activity BMP demonstration but are not expected to 
eliminate future NAL exceedance(s) in accordance with section 
X.B.1.d of Attachment G; 

(ii) An non-industrial pollutant source demonstration; or, 

(iii) A natural background pollutant source demonstration. 

(6) Level 2 ERA Implementation Extension 

 Dischargers that need additional time to submit the Level 2 ERA a)
Technical Report shall be automatically granted a single time extension 
for up to six (6) months upon submitting the following items as applicable: 

(i) Reasons for the time extension; 

(ii) A revised Level 2 ERA Action Plan including a schedule and a 
detailed description of the necessary tasks still to be performed to 
complete the Level 2 ERA Technical Report; and 

(iii) A description of any additional temporary BMPs that will be 
implemented while permanent BMPs are being constructed. 

 The San Diego Water Board will review Level 2 ERA Implementation b)
Extensions for completeness and adequacy. Requests for extensions that 
total more than six (6) months are not granted unless approved in writing 
by the San Diego Water Board. The San Diego Water Board may (1) 
reject or revise the time allowed to complete Level 2 ERA Implementation 
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Extensions, (2) identify additional tasks necessary to complete the Level 
2 ERA Technical Report, and/or (3) require the Discharger to implement 
additional temporary BMPs. 

 Design Storm Standards for Storm Water Retention and Treatment Control BMPs  4.

All new treatment control BMPs employed by Discharger to comply with this Order shall be 
designed to comply with minimum design storm standards in this section. A Factor of Safety 
shall be incorporated into the design of all treatment control BMPs to ensure that storm 
water is sufficiently treated throughout the life of the treatment control BMPs.  The design 
storm standards for treatment control BMPs are as follows: 

 Volume-based BMPs: The Discharger shall, at a minimum, calculate4 the volume to be a.
treated using one of the following methods:  

i. The volume of runoff produced from an 85th percentile storm event as determined 
from local, historical rainfall records. Isopluvial maps for the 85th percentile storm 
event are available on the internet5; 

ii. The volume of runoff produced by the 85th percentile storm event, determined as the 
maximized capture runoff volume for the facility, from the formula recommended in 
the Water Environment Federation’s (WEF’s) Manual of Practice6; or, 

iii. The volume of annual runoff required to achieve 80% or more treatment, determined 
in accordance with the methodology set forth in the latest edition of California 
Stormwater Best Management Practices Handbook7 using local historical rainfall 
records. 

 Flow-based BMPs: The Discharger shall calculate the flow needed to be treated using b.
one of the following methods:  

i. The maximum flow rate of runoff produced from a rainfall intensity of at least 0.2 
inches per hour for each hour of a storm event;  

ii. The maximum flow rate of runoff produced by the 85th percentile hourly rainfall 
intensity, as determined from local historical rainfall records, multiplied by a factor of 
two; or,  

iii. The maximum flow rate of runoff, as determined using local historical rainfall records, 
that achieves approximately the same reduction in total pollutant loads as would be 
achieved by treatment of the 85th percentile hourly rainfall intensity multiplied by a 
factor of two.  

                                                
4 All hydrologic calculations shall be certified by a California licensed professional engineer in accordance with the 

Professional Engineers Act (Bus. & Prof. Code § 6700, et seq). 
5 The County of San Diego isopluvial map located at 

http://www.sdcounty.ca.gov/dpw/watersheds/susmp/susmppdf/susmp_85precip.pdf may be used.  
6 Water Environment Federation (WEF). Manual of Practice No. 23/ ASCE Manual of Practice No. 87, pg. 175 

Equation 5.2 (1998). 
7 California Stormwater Quality Association. Stormwater Best Management Practice New Development and 

Redevelopment Handbook. Web. 28 February 2013. <http://www.cabmphandbooks.com/Development.asp>. 

http://www.sdcounty.ca.gov/dpw/watersheds/susmp/susmppdf/susmp_85precip.pdf
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 In lieu of complying with the design storm standards for treatment control BMPs in this c.
section, the Discharger may certify and submit a BAT/BCT Compliance Demonstration 
Technical Report.  

 The San Diego Water Board may revise the treatment design storm standard provided in d.
this Order in writing based upon sampling data indicating that a revised design storm 
standard would be protective of water quality, or based upon the San Diego Water 
Board’s determination that the treatment technology associated with the revised design 
storm standard meets BAT/BCT. 

F. Non-Storm Water Discharge Specifications 

1. Non-Storm Water Discharges. Discharges through the Small MS4 of material other than 
storm water to waters of the U.S. shall be effectively prohibited, except as allowed under this 
Provision or as otherwise authorized by a separate NPDES permit.  The following non-storm 
water discharges are authorized under this Order unless the Discharger or the San Diego 
Water Board identifies the discharges as a significant source of pollutants to waters of the 
U.S. as provided in section IV.F.3 below: 

a. Diverted stream flows; 

b. Rising ground waters; 

c. Uncontaminated ground water infiltration [as defined at 40 CFR 35.2005(20)] to MS4s; 

d. Uncontaminated pumped ground water, foundation drains, crawl space pumps and, 
footing drain discharges not subject to a ground water extraction permit such as NPDES 
Permit No. CAG919001, (General Waste Discharge Requirements for Discharges from 
Temporary Groundwater Extraction and Similar Waste Discharges to San Diego Bay, 
Tributaries Thereto under Tidal Influence, and Storm Drains or Other Conveyance 
Systems Tributary Thereto) or subsequent superseding NPDES renewal permit; 

e. Springs; 

f. Drinking fountain water and emergency eye wash/shower station test water;  

g. Atmospheric condensate including refrigeration, air conditioning and compressor 
condensate;  

h. Flows from riparian habitats and wetlands;  

i. Discharges from potable water sources not subject to an NPDES permit such as NPDES 
Permit No. CAG679001 (General Waste Discharge Requirements for Discharges of 
Hydrostatic Test Water and Potable Water to Surface Waters and Storm Drains or Other 
Conveyance Systems) or subsequent superseding NPDES renewal permit; 

j. Individual residential car washing; 

k. Dechlorinated swimming pool discharges; 

i. Residual chlorine, algaecide, filter backwash, or other pollutants from swimming 
pools must be eliminated prior to discharging to the MS4; and  
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ii. The discharge of saline swimming pool water must be directed to the sanitary sewer, 
landscaped areas, or other pervious surfaces that can accommodate the volume of 
water, unless the saline swimming pool water can be discharged via a pipe or 
concrete channel directly to a naturally saline water body (e.g. San Diego Bay). 

l.   Seawater infiltration where the seawater is discharged back into the seawater source; 
and 

m. Non-storm water discharges explicitly authorized elsewhere in this Order. 

2. Conditions for Authorized Non-storm Water Discharges. The non-storm water 
discharges identified in section IV.F.1 above are authorized by this Order only if all of the 
following conditions are satisfied:   

a. The non-storm water discharges are not in violation of any San Diego Water Board 
requirement; 

b. The non-storm water discharges are not in violation of any municipal or federal agency 
ordinance or requirement; 

c. BMPs are included in the SWMP for MS4 areas and in the SWPPP for industrial areas 
that are designed to do the following:  

i. Prevent or reduce the contact of non-storm water discharges with significant 
materials or equipment; and  

ii. Minimize, to the extent practicable, the flow or volume of non-storm water 
discharges; 

d. The non-storm water discharges do not contain quantities of pollutants that may cause 
or contribute to an exceedance of a water quality standard(s); 

e. The non-storm water discharges and identified sources in industrial areas are visually 
inspected quarterly in accordance with the SWPPP to ensure adequate BMP 
implementation and effectiveness; and 

f. The non-storm water discharges from Industrial Low Risk and Industrial High Risk Areas 
are reported in the Annual Report required under section VII.C of the Monitoring and 
Reporting Program (MRP) in Attachment E of this Order.

3. Identification of Non-Storm Water Significant Sources of Pollutants. Where the 
Discharger or the San Diego Water Board determines that any individual or category of non-
storm water discharge(s) listed in section IV.F.1. above may be a significant source of 
pollutants to waters of the U.S. or physically interconnected MS4, or poses a threat to water 
quality standards (beneficial uses), the individual or category of non-storm water 
discharge(s) must be addressed by the Discharger as an illicit discharge(s) and prohibited 
through ordinance, order, or similar means unless the discharge is from a non-
anthropogenic source.  For a non-anthropogenic source determined to be a significant 
source of pollutants, the Discharger must either prohibit the discharge or develop and 
implement appropriate control measures to prevent the discharge of pollutants to the MS4.   

4. Firefighting Discharges.  Emergency firefighting flows (i.e., flows necessary for the 
protection of life or property) are excluded from the effective prohibition against non-storm 
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water and need only be addressed where they are identified as significant sources of 
pollutants to waters of the U.S. The Discharger should develop and encourage 
implementation of BMPs to reduce or eliminate pollutants in emergency firefighting 
discharges to the MS4s and receiving waters within its jurisdiction. During emergency 
situations, priority of efforts should be directed toward life, property, and the environment (in 
descending order). BMPs should not interfere with immediate emergency response 
operations or impact public health and safety. 

5. Non-Fire Fighting Discharges. Non-emergency firefighting discharges (i.e., discharges 
from controlled or practice blazes, firefighting training, and maintenance activities not 
associated with building fire suppression systems) must be addressed by a program, to be 
developed and implemented by the Discharger, to reduce or eliminate pollutants in such 
discharges from entering the MS4 or the receiving water.  Building fire suppression system 
maintenance discharges (e.g. sprinkler line flushing) to the MS4 must be addressed as illicit 
discharges unless BMPs are implemented to prevent pollutants associated with such 
discharges to the MS4.   
 

6. Utility Vault & Manhole Dewatering (Utility Vault) Discharges.  The Discharger shall 
reduce or prevent pollutants associated with utility vault and manhole dewatering  
discharges through implementation of BAT for toxic and non-conventional pollutants, and 
BCT for conventional pollutants. 

7. Incidental Runoff from Landscaped Areas.  Incidental runoff is defined as unintended 
amounts (volume) of landscape irrigation that escapes the area of intended use. The 
Discharger shall control incidental runoff thorough the following means: 

 
a. Detection of leaks (e.g. broken sprinkler heads) and correction of the leaks within 72 

hours of learning of the leaks; 
 

b. Proper design and aiming of  sprinkler heads; and 
 

c. Elimination of landscape irrigation during precipitation events. 
 

The discharge of incidental runoff from landscaped areas that is not controlled by the above 
requirements is prohibited.  
 

G. USS ARCO Floating Dry Dock Operation Discharge Specifications 

 The Discharger shall prevent or minimize the discharge of pollutants from any surface of its 1.
floating dry dock during submergence by implementing a BMP Program as described in 
Attachment I of this Order. 

 As the Discharger performs maintenance and repair work, the Discharger shall remove 2.
spent abrasives, paint residues, particulate matter, and other debris, and waste from those 
portions of its dry dock surfaces that are reasonably accessible to the degree achievable by 
scraping, broom cleaning, and power washing.  Prior to submergence, the remaining area of 
the dry dock deck that was previously inaccessible shall be cleaned by scraping, broom 
cleaning, and power and pressure washing as soon as practical.  The discharger may then 
submerge the dry dock.  This provision shall not apply in cases wherein a vessel must be 
introduced into the dry dock on an emergency basis, such as to prevent sinking or leakage 
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of oil or another hazardous material. The discharger shall notify the San Diego Water Board 
of such emergency circumstances as follows: 

 Any information shall be provided orally within 24 hours from the time the Discharger a.
becomes aware of the circumstances.   

 A written report submission shall also be provided within five (5) working days of the time b.
the Discharger becomes aware of the circumstances.  The San Diego Water Board may 
waive written report under this provision on a case by case basis if an oral report has 
been received within 24 hours.  

 The Discharger shall perform regular dry dock cleaning while work is being conducted to 3.
minimize the potential for pollutants to accumulate on, or to be released from, its dry dock 
surfaces. 

V. RECEIVING WATER LIMITATIONS 

A. The receiving water limitations set forth in section V.B. and V.C. of this Order for Pacific Ocean 
and San Diego Bay waters are based on applicable water quality standards contained in water 
quality control plans and policies and federal regulations listed below.  These plans, policies, 
and regulations set forth limits or levels of water quality characteristics to ensure the reasonable 
protection of beneficial uses and the prevention of nuisance.  The discharges of waste regulated 
under this Order shall not cause or contribute to violations of these water quality standards. 

1. The San Diego Water Board’s Basin Plan, including beneficial uses, water quality 
objectives, and implementation plans;  

2. State Water Board water quality control plans and policies including the following:   

a. Water Quality Control Plan for Control of Temperature in the Coastal and Interstate 
Waters and Enclosed Bays and Estuaries (Thermal Plan); 

b. Water Quality Control Plan for Ocean Waters of California (Ocean Plan); 

c. Water Quality Control Policy for the Enclosed Bays and Estuaries of California (Bays 
and Estuaries Policy); 

d. Policy for Implementation of Toxics Standards for Inland Surface Waters, and Enclosed 
Bays, and Estuaries of California (State Implementation Plan or SIP); 

e. Water Quality Control Plan for Enclosed Bays and Estuaries – Part 1 Sediment Quality 
(Bays and Estuaries Plan – Sediment Quality Plan [SQO]); and 

f. The Statement of Policy with Respect to Maintaining High Quality of Waters in California 
(State Water Board Resolution No. 68-16).  

3. Priority pollutant criteria promulgated by the USEPA through the following: 

a. National Toxics Rule (NTR)8  (promulgated on December 22, 1992 and amended on 
May 4, 1995); and  

                                                
8 40 CFR 131.36 
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b. California Toxics Rule (CTR). 9,10  

B. Discharges from the Facility to San Diego Bay shall not by itself or jointly with any other 
discharge(s) cause or contribute to violations of the following receiving water limitations:  

 Physical Characteristics  1.

a. Waters shall be fee of coloration that causes nuisance or adversely affects beneficial 
uses.  [Basin Plan] 

b. Waters shall not contain oils, greases, waxes, or other materials in concentrations which 
result in visible film or coating on the surface of the water or on objects in the water, or 
which cause nuisance or which otherwise adversely affect beneficial uses. [Basin Plan] 

c. Waters shall not contain floating material, including solids, liquids, foams, and scum in 
concentrations which cause nuisance or adversely affect beneficial uses. [Basin Plan] 

d. The suspended sediment load and suspended sediment discharge rate of surface 
waters shall not be altered in such a manner as to cause nuisance or adversely affect 
beneficial uses. [Basin Plan] 

e. Waters shall not contain suspended and settleable solids in concentrations of solids that 
cause nuisance or adversely affect beneficial uses. [Basin Plan] 

f. Waters shall not contain taste or odor producing substances at concentrations which 
cause a nuisance or adversely affect beneficial uses. [Basin Plan] 

g. Waters shall be free of changes in turbidity that cause nuisance or adversely affect 
beneficial uses.  In addition, within San Diego Bay, the transparency of bay waters, 
insofar as it may be influenced by any controllable factor, either directly or through 
induced conditions, shall not be less than 8 feet in more than 20 percent of the readings 
in any zone, and measured by a standard Secchi disk.  Wherever the water is less than 
10 feet deep, the Secchi disk reading shall not be less than 80 percent of the depth in 
more than 20 percent of the readings in any zone. [Basin Plan] 

h. The discharge of waste shall not cause the temperature of the receiving water to be 
altered in a manner that adversely impacts beneficial uses. [Thermal Plan] 
 

 Chemical Characteristics 2.

a. The pH shall not be changed at any time more than 0.2 units from that which occurs 
naturally.  The pH shall not be depressed below 7.0 nor raised above 9.0. [Basin Plan] 

b. The dissolved oxygen concentration shall not at anytime be less than 5.0 mg/L. The 
annual mean dissolved oxygen concentration shall not be less than 7 mg/L more than 10 
percent of the time.  [Basin Plan] 

                                                
9 65 Federal Register 31682-31719 (May 18, 2000), adding section 131.38 to 40 CFR 
10 If a water quality objective and a CTR criterion are in effect for the same priority pollutant, the more stringent of 
the two applies 
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c. San Diego Bay waters shall not contain biostimulatory substances in concentrations that 
promote aquatic growth to the extent that such growths cause nuisance or adversely 
affect beneficial uses.  [Basin Plan] 

d. The discharge of wastes shall not cause concentrations of un-ionized ammonia (NH3) to 
exceed 0.025 mg/L (as N) in the San Diego Bay.  [Basin Plan] 

e. No individual pesticide or combination of pesticides shall be present in the water column, 
sediments, or biota at concentration(s) that adversely affect beneficial uses.  Pesticides 
shall not be present at levels which will bioaccumulate in aquatic organisms to levels 
which are harmful to human health, wildlife, or aquatic organisms.  [Basin Plan] 

 Biological Characteristics 3.

 Marine communities, including vertebrate, invertebrate, and plant species, shall not be a.
degraded. [Ocean Plan-BPJ] 

 The natural taste, odor, and color of fish, shellfish, or other marine resources used for b.
human consumption shall not be altered. [Ocean Plan-BPJ] 

 The concentration of organic materials in fish, shellfish, or other marine resources used c.
for human consumption shall not bioaccumulate to levels that are harmful to human 
health. [Ocean Plan-BPJ] 

 Bacterial Characteristics 4.

a. The most probable number of total coliform organisms in the upper 60 feet of the water 
column shall be less than 1,000 organisms per 100 ml (10 organisms per ml); provided 
that not more than 20 percent of the samples at any sampling station, in any 30-day 
period, may exceed 1,000 organisms per 100 ml (10 per ml); and provided further that 
no single sample shall exceed 10,000 organisms per 100 ml as described in the Basin 
Plan. [Basin Plan] 

b. The median total coliform concentration throughout the water column for any 30-day 
period shall not exceed 70 organisms per 100 ml nor shall more than 10 percent of the 
samples collected during any 30-day period exceed 230 organisms per 100 ml for a five-
tube decimal dilution test or 330 organisms per 100 ml when a three-tube decimal 
dilution test is used where shellfish harvesting is designated. [Basin Plan] 

c. Where bay waters are used for whole fish handling, the density of E. coli shall not 
exceed 7 organisms per ml in more than 20 percent of any 20 daily consecutive samples 
of bay water. [Basin Plan] 

 Radioactivity 5.

a. Radionuclides shall not be present in concentrations that are deleterious to human, 
plant, animal, or aquatic life nor that result in the accumulation of radionuclides in the 
food web to an extent that presents a hazard to human, plant, animal or aquatic life. 
[Basin Plan] 
 

b. The radioactivity in the receiving waters shall not exceed limits specified in title 17, 
division 1, chapter 5, subchapter 4, group 3, article 1, section 30253 of the California 
Code of Regulations (CCR). 
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 Toxicity 6.

a. All waters shall be maintained free of toxic substances in concentrations that are toxic to, 
or that produce detrimental physiological responses in human, plant, animal, or aquatic 
life. Compliance with this objective will be determined by use of indicator organisms, 
analyses of species diversity, population density, growth anomalies, bioassays of 
appropriate duration, or other appropriate methods as specified by the Regional Board. 
[Basin Plan]  
 

b. Pollutants in sediments shall not be present in quantities that, alone or in combination, 
are toxic to benthic communities. [Bays and Estuaries Plan - SQO] 
  

c. Pollutants shall not be present in sediments at levels that will bioaccumulate in aquatic 
life to levels that are harmful to human health. [Bays and Estuaries Plan - SQO] 

 

C. Discharges from the Facility to the Pacific Ocean shall not by itself or jointly with any other 
discharge(s) cause or contribute to violations of the following receiving water limitations:  

 Bacterial Characteristics  1.

a. Within a zone bounded by the shoreline and a distance of 1,000 feet from the shoreline 
or the 30-foot depth contour, whichever is further from the shoreline, and in areas 
outside this zone used for water contact sports, as determined by the Regional Board 
(i.e., waters designated as REC-1), but including all kelp* beds, the following bacterial 
objectives shall be maintained throughout the water column: 

i. 30-day Geometric Mean – The following standards are based on the geometric mean 
of the five most recent samples from each site: 

(a) Total coliform density shall not exceed 1,000 per 100 mL; 

(b) Fecal coliform density shall not exceed 200 per 100 mL; and 

(c) Enterococcus density shall not exceed 35 per 100 mL. [Ocean Plan] 

ii. Single Sample Maximum: 

(a) Total coliform density shall not exceed 10,000 per 100 mL; 

(b) Fecal coliform density shall not exceed 400 per 100 mL; 

(c) Enterococcus density shall not exceed 104 per 100 mL; and 

(d) Total coliform density shall not exceed 1,000 per 100 mL when the fecal 
coliform/total coliform ratio exceeds 0.1. [Ocean Plan] 

b. At all areas where shellfish* may be harvested for human consumption, as determined 
by the Regional Board, the following bacterial objectives shall be maintained throughout 
the water column: 

i. The median total coliform density shall not exceed 70 per 100 mL, and not more than 
10 percent of the samples shall exceed 230 per 100 mL. [Ocean Plan] 
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 Physical Characteristics  2.

a. Floating particulates and grease and oil shall not be visible. [Ocean Plan] 

b. The discharge of waste shall not cause aesthetically undesirable discoloration of the 
ocean surface. [Ocean Plan] 

c. Natural light shall not be significantly reduced as the result of the discharge of waste. 
[Ocean Plan] 

d. The rate of deposition of inert solids and the characteristics of inert solids in ocean 
sediments shall not be changed such that benthic communities are degraded. [Ocean 
Plan] 

e. The discharge of waste shall not cause the temperature of the receiving water to be 
altered in a manner that adversely impacts beneficial uses. [Thermal Plan] 

  
 Chemical Characteristics 3.

a. The dissolved oxygen concentration shall not at any time be depressed more than 10 
percent from that which occurs naturally, as the result of the discharge of oxygen 
demanding waste materials.  [Ocean Plan] 
 

b. The pH shall not be changed at any time more than 0.2 units from that which occurs 
naturally.  [Ocean Plan] 

c. The dissolved sulfide concentration of waters in and near sediments shall not be 
significantly increased above that present under natural conditions. [Ocean Plan] 

d. The concentration of substances set forth in the Ocean Plan chapter II, Table 1, in 
marine sediments shall not be increased to levels which would degrade indigenous 
biota. [Ocean Plan] 

e. The concentration of organic materials in marine sediments shall not be increased to 
levels which would degrade marine life.  [Ocean Plan] 

f. Nutrient materials shall not cause objectionable aquatic growths or degrade* indigenous 
biota.  [Ocean Plan] 

 Numerical Water Quality Objectives 4.

a. Ocean Plan Table 1 water quality objectives apply to all discharges within the jurisdiction 
of this Plan. Unless otherwise specified, all metal concentrations are expressed as total 
recoverable concentrations. [Ocean Plan] 

 Biological Characteristics 5.

a. Marine communities, including vertebrate, invertebrate, and plant species, shall not be 
degraded. [Ocean Plan] 

b. The natural taste, odor, and color of fish, shellfish, or other marine resources used for 
human consumption shall not be altered. [Ocean Plan] 
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c. The concentration of organic materials in fish, shellfish, or other marine resources used 
for human consumption shall not bioaccumulate to levels that are harmful to human 
health. [Ocean Plan] 

 Radioactivity 6.

a. The discharge of radioactive waste shall not degrade marine life. [Ocean Plan] 
 

b. The radioactivity in the receiving waters shall not exceed limits specified in title 17, 
division 1, chapter 5, subchapter 3, group 3, article 3, section 30253 of the CCR. 

D. Corrective Actions for Receiving Water Limitations Violations 
 

Upon determination by the Discharger or written notification by the San Diego Water Board that 
storm water discharges are causing or contributing to an exceedance of Receiving Water 
Limitations in section V of this Order, the Discharger shall implement the following corrective 
actions at a minimum:  

 Notify the San Diego Water Board that discharges are causing or contributing to an 1.
exceedance of Receiving Water Limitations in section V of this Order. 

 Conduct a facility evaluation to determine whether there are pollutant source(s) within the 2.
Facility and whether BMPs described in the SWPPP, the SWMP, BMP Plans, the Pollution 
Prevention Plan (PPP), and other requirements of this Order have been properly 
implemented.   

 Conduct an assessment of the Facility’s SWPPP, SWMP, BMP Plans, PPP, and other 3.
requirements of this Order to determine whether additional BMPs or implementation 
measures are necessary to prevent or reduce pollutants in storm water discharges to meet 
Receiving Water Limitations set forth in section V of this Order. 

 Prepare a certification statement, based upon the Facility evaluation and assessment 4.
required above, that one of the following applies: 

a. Additional BMPs and/or implementation measures have been identified and included in 
the appropriate plan to meet Receiving Water Limitations, as specified in section V of 
this Order; or 

b. No additional BMPs or implementation measures are required to reduce or prevent 
pollutants in storm water discharges to meet Receiving Water Limitations, as specified in 
section V of this Order; or 

c. There are no sources of the pollutants at the Facility causing or contributing to the 
Receiving Water Limitations exceedance(s).

 If a certification statement provides that no additional BMPs or implementation measures 5.
are required to reduce or prevent pollutants in storm water discharges to comply with 
Receiving Water Limitations specified in section V of this Order, the Discharger must 
demonstrate why the exceedance occurred and why it will not occur again under similar 
circumstance. 

 Implement additional BMPs and corrective measures as soon as is practicable in 6.
accordance with an approved schedule. 
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 Prepare and submit a report, within 60 days from the date of the determination of the 7.
exceedance of Receiving Water Limitations, to the San Diego Water Board that does the 
following:  

a. Describes the facility evaluation; 

b. Describes the assessment of the SWPPP, SWMP, BMP Plans, PPP, and other 
requirements of this Order; 

c. Identifies the BMPs and corrective actions that are currently being implemented to 
assure compliance with Receiving Water Limitations; 

d. Identifies additional BMPs and corrective actions that will be implemented to assure 
compliance with Receiving Water Limitations with an implementation schedule for any 
additional BMPs or corrective actions not yet implemented; and  

e. Includes the certification required above. The implementation schedule shall not exceed 
90 days from the date of the determination of the exceedance of Receiving Water 
Limitations as specified in section V of this Order. 

 Submit any modifications to the report required by the San Diego Water Board within 30 8.
days of notification. 

 Within 30 days following submittal of the report or modifications to the San Diego Water 9.
Board, the Discharger shall revise the SWPPP, SWMP, BMP Plans, PPP, and other plan 
required by this Order and monitoring program to incorporate a) the additional BMPs and 
corrective actions that have been and will be implemented, b) the implementation schedule, 
and c) a description of any additional monitoring required. 

 Nothing in this section shall prevent the San Diego Water Board from enforcing any 10.
provisions of this Order while the Discharger prepares and implements the report described 
above.   

 So long as the Discharger has complied with the procedures set forth above and is 11.
implementing the actions, the Discharger does not have to repeat the same procedure for 
continuing or recurring exceedances of the same receiving water limitations unless directed 
by the San Diego Water Board.  

 

VI. PROVISIONS 

A. Standard Provisions 
 

1. Federal Standard Provisions.  The Discharger shall comply with all Standard Provisions 
included in Attachment D of this Order. 

 
2. San Diego Water Board Standard Provisions.  The Discharger shall comply with the 

following provisions: 
 

a. The Discharger shall comply with all applicable federal, state, and local laws and 
regulations for handling, transport, treatment, or disposal of waste or the discharge of 
waste to waters of the state in a manner which causes or threatens to cause a condition 
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of pollution, contamination or nuisance as those terms are defined in CWC section 
13050. 

 
b. This Order expires on July 31, 2019, after which, the terms and conditions of this permit 

are automatically continued pending issuance of a new Order, provided that all 
requirements of USEPA’ s NPDES regulations at 40 CFR 122.6 and the state’s 
regulations at CCR title 23, section 2235.4 regarding the continuation of expired Orders 
and waste discharge requirements are met. 

 
c. A copy of this Order shall be maintained on-site at the Facility, and shall be available to 

San Diego Water Board, State Water Board, and USEPA personnel and/or their 
authorized representative at all times. 

 
B. Monitoring and Reporting Program (MRP) Requirements 
 

1. The Discharger shall comply with the MRP and future revisions thereto, in Attachment E of 
this Order. 

 
2. Reports required to be submitted to the San Diego Water Board shall be sent to the 

following address and phone numbers unless the San Diego Water Board office is 
relocated: 

 
Executive Officer 
California Regional Water Quality Control Board 
San Diego Region 
2375 Northside Drive, Suite 100 
San Diego, CA 92108 
 
Notifications required to be provided to this San Diego Water Board shall be made to: 
 
Telephone – (619) 516-1990 
Facsimile – (619) 516-1994 

 
 

C. Special Provisions 

1. Reopener Provisions 
 

a. This Order may be re-opened and modified in accordance with NPDES regulations 
at 40 CFR parts 122 and 124, as necessary, to include additional conditions or 
limitations based on newly available information or to implement any USEPA 
approved, new, state water quality objective. 

b. This Order may be modified, revoked and reissued or terminated for cause in 
accordance with the provisions of 40 CFR parts 122, 124, and 125 at any time prior 
to its expiration under any of the following circumstances: 

i. Violations of any terms or conditions of this Order; 

ii. Endangerment to human health or the environment resulting from the permitted 
activity; 
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iii. Obtaining this Order by misrepresentation or failure to disclose fully all relevant 
facts; or 

iv. A change in any condition that requires either a temporary or permanent 
reduction or elimination of the authorized discharge. 

c. This Order may be re-opened and modified for cause at any time prior to its 
expiration under any of the following circumstances:  

i. Present or future investigations demonstrate that the discharge(s) regulated by 
this Order may have the potential to cause or contribute to adverse impacts on 
water quality and/or beneficial uses. 

ii. New or revised Water Quality Objectives come into effect, or any total maximum 
daily load (TMDL) is adopted or revised that is applicable to the Discharger. 

iii. Modification is warranted to those provisions of this Order addressing 
compliance with water quality standards in the receiving water or those 
provisions of this Order laying out an iterative process for implementation of 
management practices to achieve compliance with water quality standards in 
the receiving water. 

iv. Modification is warranted to incorporate additional effluent limitations, 
prohibitions, and requirements, based on the results of additional monitoring 
required by the MRP in Attachment E of this Order. 

v.  Modification of the receiving waters monitoring and reporting requirements 
and/or special studies requirements of this Order is necessary for cause, 
including but not limited to a) revisions necessary to implement   
recommendations from Southern California Coastal Water Research Project 
(SCCWRP); b) revisions necessary to develop, refine, implement, and/or 
coordinate a regional monitoring program; and/or  c) revisions necessary to 
develop and implement improved monitoring and assessment programs in 
keeping with San Diego Water Board Resolution No. R9-2012-0069, Resolution 
in Support of a Regional Monitoring Framework. 

vi. Modification is warranted to address acute or chronic toxicity in Facility 
wastewater discharges, storm water discharges, or receiving waters through 
new or revised effluent limitations or other permit toxicity requirements or to 
implement new, revised, or newly interpreted water quality standards applicable 
to acute or chronic toxicity. 

vii. The Discharger has requested, and submitted technical information 
demonstrating to the satisfaction of the San Diego Water Board, that 
technology-based or water quality based effluent limitations may be adjusted on 
a pollutant-by-pollutant or discharge by discharge basis to reflect credit for 
pollutants in the Discharger’s intake water in conformance with the applicable 
requirements of 40 CFR 122.45(g) and section 1.4.4 of the State Water Board’s 
Policy for Implementation of Toxics Standards for Inland Surface Waters, 
Enclosed Bays and Estuaries of California (SIP). 
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viii. The Discharger has submitted technical information in accordance with the 
Ocean Plan to the satisfaction of the San Diego Water Board documenting the 
basis for a mixing zone of initial dilution for storm water discharges to the Pacific 
Ocean. 

d. The filing of a request by the Discharger for modifications, revocation and reissuance, 
or termination of this Order, or a notification of planned change in or anticipated 
noncompliance with this Order does not stay any condition of this Order. 

2. Special Studies, Technical Reports and Additional Monitoring Requirements11 
 

a. Future Development of Chronic Toxicity Effluent Limitations for Industrial High 
Risk Storm Water Areas 

The San Diego Water Board may establish chronic toxicity effluent limitations for 
Industrial High Risk Areas storm water discharges in the future. In developing such 
effluent limitations, an in-stream waste concentration (IWC) of 100 percent will be 
assumed whenever mixing zones or dilution credits are not authorized by the San 
Diego Water Board.   

The Discharger may, at their discretion, propose a work plan for a detailed study to 
support a Basin Pan Amendment on the possible application of chronic toxicity 
effluent limitations with mixing zones and dilution credits applicable to industrial 
storm water discharges to San Diego Bay. The study may also encompass the 
possible application of mixing zones and dilution credits applicable to municipal 
storm water discharges. 

The work plan shall include the following elements: 

i. A detailed proposal describing the goals, technical approach, methods, data 
evaluation framework, and a schedule for completion of all study activities and 
submission of a draft Basin Plan Amendment for consideration of adoption by the 
San Diego Water Board; 

ii. Formation of a stakeholder advisory panel with the San Diego Water Board, 
USEPA, federal and state resource agencies, representatives of environmental 
non-governmental organizations, San Diego County Department of Health 
Services, and representatives of storm water dischargers to San Diego Bay. The 
panel shall be notified of proposed work and results; and the panel shall be 
provided opportunity for comment; 

iii. An analysis of storm water impacts to San Diego Bay that considers circulation 
and flushing, pollutant movement and accumulation, and fate to determine mixing 
zones and dilution factors appropriate for storm water discharges to San Diego 
Bay. The analysis shall include consideration of relevant State of California and 
USEPA polices and guidance pertaining to the establishment of mixing zones 
and dilution credits in receiving waters; and  

iv. Provisions for establishment of an external scientific peer review panel 
comprised of experts in the fields of plume dilution modeling, toxicology, and 
marine ecology to guide the technical approach, review the study results and 

                                                
11 See section V.F of the MRP (Attachment E) for an overview of TRE Requirements 
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make recommendations for a proposed Basin Plan amendment and toxicity 
monitoring strategies for storm water discharges. 

b. Topside Chlorinator/ Dechlorinator Units Water Quality Effects Study 
 

This Order establishes a BMP approach to regulate the discharge from the topside 
chlorinator/ dechlorinator units.  The Discharger shall prepare and submit a work 
plan to assess the short and long term effects of the chlorinator/ dechlorinator units 
discharges on San Diego Bay receiving waters.  The work plan shall be submitted no 
later than 12 months from the effective date of this Order and shall include the 
following elements: 

i. Quality Assurance Project Plan.  A Quality Assurance Project Plan (QAPP) 
describing the project objectives and organization, functional activities, and 
quality assurance/quality control protocols. 

ii. Conceptual Model. A Conceptual Model identifying the physical and chemical 
factors that control the fate and transport of pollutants and receptors that could 
be exposed to pollutants in the discharges.  The Conceptual Model will serve as 
the basis for assessing the appropriateness of the project design.  The 
Conceptual Model shall consider the following: 

(a) Points of discharge into the segment of the water body or region of interest; 

(b) Tidal flow and/or direction of predominant currents; 

(c) Historic or legacy conditions in the vicinity; 

(d) Nearby land and marine uses or actions; 

(e) Beneficial Uses; 

(f) Potential receptors of concern; 

(g) Other sources or discharges in the immediate vicinity 

The conceptual model shall be refined and updated as data becomes available.  
The initial conceptual model shall include a discussion of the level of uncertainty 
of conclusions, outline data gaps in the initial conceptual model and describe the 
additional work needed to complete the conceptual model. 

iii. Existing Information.  The project design shall take into consideration existing 
data and information of appropriate quality.    

iv. Spatial Representation.  The project shall be designed to ensure that sample 
stations are spatially representative of the water body segment of interest.  The 
locations, type, and number of samples shall be identified and shown on a site 
map. 

v. Chemical Analyses.  The workplan shall identify the chemical analytes and 
other parameters that must be collected to assess the impacts of the discharge 
on the receiving waters.  
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vi. Final Report Completion Schedule.  A schedule for completion of all sample 
collection and analysis activities and submission of a Final Report. 

vii. Final Report Preparation.  The Final Report shall include an evaluation, 
interpretation and tabulation of the data collected including interpretations and 
conclusions as to whether applicable Receiving Water Limitations in this Order 
have been attained at each sample station.    

The Discharger shall modify the workplan as requested by the San Diego Water 
Board.  The Discharger shalI implement the workplan 60 days after submittal unless 
otherwise directed in writing by the San Diego Water Board and shall submit the 
Final Report in accordance with the finalized version of the Final Report Completion 
Schedule contained in the workplan.     
 

 

3. Best Management Practices (BMP) and Pollution Prevention Plan (PPP) 
 

a. Best Management Practices and Pollution Prevention Plan for Utility Vault and 
Manhole Dewatering Discharges (Utility Vault Plan) 

The Discharger shall continue to implement a Utility Vault Plan for utility vault and 
manhole dewatering discharges to prevent the discharge of pollutants into the 
receiving waters at levels that would contribute to the degradation of the receiving 
waters or otherwise adversely affect the beneficial uses of the receiving water.  At a 
minimum, the Utility Vault Plan shall be maintained and implemented in accordance 
with Attachment H to prevent, or minimize the potential for, the release of pollutants 
to waters of the state and waters of the U.S.

b. BMP Plan for Industrial Process Wastewater Discharges 

The Discharger shall develop and implement a BMP Plan for discharges from 
topside chlorinator / dechlorinator units, pier boom cleaning, returned unused San 
Diego Bay water from building 111, abalone tank discharges, marine mammal pool 
discharges, pier washing, small boat rinsing, dry dock pre-flood cleaning, and marine 
mammal enclosure cleaning that prevents the discharge of pollutants into the 
receiving waters at levels that would contribute to the degradation of the receiving 
waters or otherwise adversely affect the beneficial uses of the receiving water.  At a 
minimum, the BMP Plan shall be developed and implemented in accordance with 
Attachment I of this Order to prevent, or minimize the potential for, the release of 
pollutants to waters of the state and waters of the U.S. 

The BMP Plan for the topside chlorinator / dechlorinator units shall include applicable 
BMPs from the Uniform National Discharge Standards (UNDS) program including, 
but not limited to, the following:  

i. When possible, the vessel should use shore based power when in port. 

ii. Seawater piping biofouling chemicals subject to registration under the Federal 
Insecticide, Fungicide, and Rodenticide Act (FIFRA) (40 CFR 152.15) must be 
used in accordance with the FIFRA label. Pesticides or chemicals banned for use 
in the United States shall not be discharged. 
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iii. Only the minimum amount of biofouling chemicals should be used to keep fouling 
under control. 

iv. Fouling organisms must be removed from seawater piping on a regular basis. 
For all vessels, except submarines, fouling organisms removed during cleanings 
shall not be discharged. 

v. Dechlorination must be used whenever chlorination occurs. 

The BMP Plans for abalone tank discharges, marine mammal enclosure cleaning, 
and marine mammal pool discharges shall include applicable BMPs from USEPA’s 
Effluent Guidelines - Aquatic Animal Production Industry - Guidance for Aquatic 
Animal Production Facilities to Assist in Reducing the Discharge of Pollutants 
(CAAP).  The BMP Plan must, at a minimum, include but is not limited to the 
following practices: 

i. Feed management and feeding strategies must minimize the discharge of 
unconsumed food to waters of San Diego Bay; 

ii. Routine cleaning of holding tanks and pens must minimize the discharge of 
accumulated waste to waters of San Diego Bay; 

iii. Feed bags, packaging materials, waste rope, netting and other materials used for 
marine pen construction must be properly disposed; 

iv. Aquatic animal mortalities must be removed and disposed of properly to minimize 
any discharge of waste to San Diego Bay, including but not limited to: blood, 
viscera, feces, carcasses or transport water containing blood; 

v. Records of any drugs, pesticides, thermal shocks, or other chemicals 
administered at the Facility must be maintained; 

vi. All drugs and chemicals must be used in accordance with applicable label 
directions, except extra label drug use, as prescribed by a veterinarian; 

vii. Storage of drugs, chemicals, and feed must be in a manner designed to prevent 
spills that may result in the discharge of drugs, chemicals, or feed to waters of 
San Diego Bay; and 

viii. Procedures for properly containing, cleaning and disposing of any spilled material 
must be implemented. 

In addition, the BMP Plans for small boat rinsing, marine mammal pools, and marine 
mammal enclosure cleaning shall ensure that the maximum temperature of waste 
discharges entering the receiving water shall not exceed the natural temperature of 
the receiving waters by more than 20°F.  

c. Pollution Prevention Plan (PPP) for Industrial Storm Water 

The Discharger shall prepare and implement a Pollution Prevention Plans for storm 
water discharges associated with the Industrial High Risk Areas for acute toxicity and 
copper and zinc (Discharge Points specified in Attachment M of this Order, as 
updated annually pursuant to section IV.B. of this Order). 
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The PPP shall be developed in accordance with CWC section 13263.3(d)(2).  The 
minimum requirements for the PPP are outlined in the Fact Sheet of this Order, 
Attachment F, section VII.C.3.c.  A work plan and time schedule for preparation of 
the PPP shall be completed and submitted to the San Diego Water Board within 90 
days of the effective date of this Order.  The PPP shall be completed and submitted 
to the San Diego Water Board within 9 months of the effective date of this Order. 

4. Flood and Runoff Protection Requirements 
 

a. All waste treatment, containment, and disposal facilities shall be protected against 
100-year peak stream flows as defined by the San Diego County Flood Control 
Agency. 

b. All waste treatment, containment, and disposal facilities shall be protected against 
erosion, overland runoff, and other impacts resulting from a 100-year frequency 24-
hour storm. 

5. Other Special Provisions – Not Applicable 
 

VII. COMPLIANCE DETERMINATION 

Compliance with the effluent limitations contained in section IV of this Order will be determined 
as specified below. 

A. General 

Compliance with effluent limitations shall be determined using sample reporting protocols 
defined in the MRP and Attachment A of this Order.  For purpose of reporting and administrative 
enforcement by the San Diego Water Board, the Discharger shall be deemed out of compliance 
with effluent limitations if the concentration of the constituent in the monitoring sample is greater 
than the effluent limitation and greater than or equal to the reporting level (RL) or lowest 
quantifiable level. 

B. Multiple Sample Data 

When determining compliance with an average annual effluent limitation (AAEL), average 
monthly effluent limitation (AMEL) or maximum daily effluent limitation (MDEL) and more than 
one sample result is available, the Discharger shall compute the arithmetic mean unless the 
data set contains one or more reported determination of “Detected, but Not Quantified” (DNQ) 
or “Not Detected” (ND).  In those cases, the Discharger shall compute the median in place of 
the arithmetic mean in accordance with the following procedure: 

1. The data set shall be ranked from low to high, ranking the reported ND determinations 
lowest, DNQ determinations next, following by quantified values (if any).  The order of 
individual ND or DNQ determinations is unimportant. 

2. The median value of the data set shall be determined.  If the data set has an odd number of 
data points, then the median is the middle value.  If the data set has an even number of data 
points, then the median is the average of the two values around the middle unless one or 
both of the points are ND or DNQ, in which case the median value shall be the lower of the 
two data points where DNQ is lower than a value and ND is lower than DNQ. 
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C. Mass Emission Rate 

The mass emission rate (MER), in pounds per day, shall be obtained from the following 
calculation for any calendar day: 

Mass Emission Rate (lb/day) = 8.34 x Q x C 
 

In which Q and C are the flow rate in million gallons per day and the constituent 
concentration in mg/L, respectively, and 8.34 is a conversion factor (lb/gallon of water).  
Q is the flow rate for the two hours of chlorination and C is the concentration during a 
chlorination event.  If a composite sample is taken, then C is the concentration 
measured in the composite sample and Q is the average flow rate occurring during the 
period over which the samples are composited. 

D. Average Monthly Effluent Limitation (AMEL) 

If the average (or when applicable, the median determined by section VII.B above for multiple 
sample data) of daily discharges over a calendar month exceeds the AMEL for a given 
parameter, this will represent a single violation for the purpose of assessing mandatory 
minimum penalties under CWC section 13385, though the Discharger will be considered out of 
compliance for each discharge day of that month for that parameter (e.g., resulting in 31 days of 
non-compliance in a 31-day month) for discretionary penalties.  If only a single sample is taken 
during the calendar month and the analytical result for that sample exceeds the AMEL, the 
Discharger will be considered out of compliance for days when the discharge occurs.  For any 
one calendar month during which no sample (daily discharge) is taken, no compliance 
determination can be made for that calendar month. 

E. Maximum Daily Effluent Limitation (MDEL) 

If a daily discharge (or when applicable, the median determined by section VII.B above for 
multiple sample data of a daily discharge) exceeds the MDEL for a given parameter, the 
Discharger will be considered out of compliance for that parameter for that 1 day only within the 
reporting period.  For any 1 day during which no sample is taken, no compliance determination 
can be made for that day. 

F. Instantaneous Minimum Effluent Limitation 

If the analytical result of a single grab sample is lower than the instantaneous minimum effluent 
limitation for a parameter, the Discharger will be considered out of compliance for that 
parameter for that single sample.  Non-compliance for each sample will be considered 
separately (e.g., the results of 2 grab samples taken within a calendar day that both are lower 
than the instantaneous minimum effluent limitation would result in two instances of non-
compliance with the instantaneous minimum effluent limitation).  

G. Instantaneous Maximum Effluent Limitation 

If the analytical result of a single grab sample is higher than the instantaneous maximum 
effluent limitation for a parameter, the Discharger will be considered out of compliance for that 
parameter for that single sample.  Non-compliance for each sample will be considered 
separately (e.g., the results of 2 grab samples taken within a calendar day that both exceed the 
instantaneous maximum effluent limitation would result in 2 instances of non-compliance with 
the instantaneous maximum effluent limitation). 
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H. Median Monthly Effluent Limit (MMEL) 

If the median result of three independent toxicity tests, conducted within the same calendar 
month, and analyzed using the TST is a “fail” (i.e. two out of three is “fail”), this will represent a 
single violation for the purpose of assessing mandatory minimum penalties under CWC section 
13385, though the Discharger will be considered out of compliance for each discharge day of 
that month for that parameter (e.g., resulting in 31 days of non-compliance in a 31-day month) 
for discretionary penalties.  If median result is “fail”, the Discharger will be considered out of 
compliance for days when the discharge occurs.  For any one calendar month during which 
fewer than 3 samples are taken, no compliance determination can be made for that calendar 
month. 

I. Acute Toxicity for Discharges to San Diego Bay 

1. The Maximum Daily Effluent Limitation (MDEL) for acute toxicity is exceeded and a violation 
will be flagged when a toxicity test results in a “fail” in accordance with the TST approach 
and the percent effect is greater than or equal to 0.40. 
 

2.  The determination of “Pass” or “Fail” from a single-effluent concentration acute toxicity test 
at the IWC of 100 percent effluent shall be determined using the TST approach described in 
the National Pollutant Discharge Elimination System Test of Significant Toxicity 
Implementation Document (EPA 833-R-10-003, 2010). 
 

3. The Discharger shall report the results of reasonable potential analyses (RPA), species 
sensitivity screenings, and routine toxicity tests to the San Diego Water Board as either a 
“pass” or a “fail” at the IWC, in accordance with the TST approach and provide the 
calculated percent effect at the IWC.  

 
Pass 
 
A test result that rejects the null hypothesis (Ho) below is reported as “Pass” in accordance 
with the TST approach: 
 
Ho: Mean response (100 percent effluent) ≤ 0.80 × Control mean response 
 
Fail 
 
A test result that does not reject the null hypothesis (Ho) above is reported as “Fail” in 
accordance with the TST approach. 

 
4. The presence or absence of acute toxicity shall be determined as specified in section V of 

the MRP. 
 

 
J. Chronic Toxicity 

1. The MDEL for chronic toxicity is exceeded and a violation will be flagged when a toxicity test 
results in a “fail” in accordance with the TST approach and the percent effect is greater than 
or equal to 0.50. 
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2. The MMEL for chronic toxicity is exceeded and a violation will be flagged when the median 
results of three independent toxicity tests, conducted within the same calendar month, and 
analyzed using the TST, (i.e. 2 out of 3) is a “fail.” 

3. For this discharge, the determination of “Pass” or “Fail” from a single-effluent concentration 
chronic toxicity test at the IWC of 100 percent effluent is determined using the TST 
approach described in National Pollutant Discharge Elimination System Test of Significant 
Toxicity Implementation Document (EPA 833-R-10-003, 2010). 

4. The Discharger shall report the results of RPA, species sensitivity screenings, and routine 
toxicity tests to the San Diego Water Board as either a “pass” or a “fail” at the IWC, in 
accordance with the TST approach and provide the calculated percent effect at the IWC.  

Pass 
 

A test result that rejects the null hypothesis (Ho) below is reported as “Pass” in accordance 
with the TST approach: 

 
Ho: Mean response (100 percent effluent) ≤ 0.75 × Control mean response 

 
Fail 

 
A test result that does not reject the null hypothesis (Ho) above is reported as “Fail” in 
accordance with the TST approach. 

 
5. The presence or absence of chronic toxicity shall be determined as specified in section V of 

the MRP. 
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A.  
ATTACHMENT A – ABREVIATIONS AND GLOSSARY 

 
Part 1 – Abbreviations 
Abbreviation Definition 

 
AAEL Average Annual Effluent Limitation 
AMEL Average Monthly Effluent Limitation 
ASBS Areas of Special Biological Significance 
AST Above Ground Storage Tanks 
AWEL Average Weekly Effluent Limitation 
Basin Plan Water Quality Control Plan for the San Diego Basin 
BAT Best Available Technology Economically Achievable 
BCT Best Conventional Pollutant Control Technology 
BMP Best Management Practices 
BOD5 Biochemical Oxygen Demand (5-Day at 20oC) 
BPJ Best Professional Judgment 
BPT Best Practicable Treatment Control Technology 
CAAPP Concentrated Aquatic Animal Production Facility 
CCR California Code of Regulations  

CERCLA Comprehensive Environmental Response, Compensation, and 
Liability Act 

CFR Code of Federal Regulations 
CFU Colony Forming Units 
CIWQS California Integrated Water Quality System  
CNRSW Commander, Navy Region Southwest 
CTR California Toxics Rule 
CV Coefficient of Variation 
CWA Clean Water Act 
CWC California Water Code 
DMR Discharger Monitoring Report 
DNQ Detected, but Not Quantified 
DoD Department of Defense 
ECA Effluent Concentration Allowance 
ERA Exceedance Response Action 
FCTCPAC Fleet Combat Training Center, Pacific 
FIFRA Federal Insecticide, Fungicide, and Rodenticide Act 
FITCPAC Fleet Intelligence Training Center, Pacific 
FLC Fleet Logistics Center 
FOR Fuel Oil Reclamation 
gpd gallons per day 
gpm gallons per minute 
IWC Instream Waste Concentration 
lbs/day Pounds per Day 
MDEL Maximum Daily Effluent Limitation 
MDL Method Detection Limit 
MEP Maximum Extent Practicable 
mg/L Milligrams per Liter 
MGD Million Gallons per Day 
ML Minimal Level 
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Abbreviation Definition 
 

ml/L Milliliters per Liter 
MMEL Maximum Monthly Effluent Limitation 
MPCD Marine Pollution Control Device 
MPN Most Probable Number 
MRP Monitoring and Reporting Program 
MS4 Municipal Separate Storm Sewer System  
MSF Magnetic Silencing Facility 
NAL Numeric Action Level 
NBPL Naval Base Point Loma 
ND Not Detected 
NMAWC Naval Mine and Anti-Submarine Warfare Complex 
NOEL No Observed Effect Level 
NPDES National Pollutant Discharge Elimination System 
NR Not Reported 
NTR National Toxics Rule 

Ocean Plan California Ocean Plan, Water Quality Control Plan Ocean Waters Of 
California 

PCB Polychlorinated Biphenyls 
PMP Pollutant Minimization Program 
PPP Pollution Prevention Plan 
QAPP Quality Assurance Project Plan 
QSE Qualifying Storm Event 
REC-1 Contact Water Recreation Beneficial Use 
RL Reporting Level  
ROWD Report of Waste Discharge 
RPA Reasonable Potential Analysis 
San Diego 
Water Board California Regional Water Quality Control Board, San Diego Region  

SCCWRP Southern California Coastal Waters Research Project 
Sediment 
Quality Plan 

Water Quality Control Plan for Enclosed Bays and Estuaries – Part 1 
Sediment Quality 

SIP State Implementation Plan 
SQO Sediment Quality Objective 
SSC Pacific 
OTC Space and Naval Warfare Systems Center Pacific, Old Town Campus 

SSC Pacific 
PLC 

Space and Naval Warfare Systems Center Pacific, Point Loma 
Campus 

State Water 
Board State Water Resources Control Board 

SUBBASE Naval Submarine Base 
SWMP Storm Water Management Plan 
SWPPP Storm Water Pollution Prevention Plan 
TBEL Technology-Based Effluent Limitations 

Thermal Plan Water Quality Control Plan for Control of Temperature in the Coastal 
and Interstate Waters and Enclosed Bays and Estuaries 

TIE Toxicity Identification Evaluation 
TMDL Total Maximum Daily Load 
TRE Toxicity Reduction Evaluation 
TSS Total Suspended Solids 
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Abbreviation Definition 
 

TST Test of Significant Toxicity 
U.S. United States 
UNDS Uniform National Discharge Standards 
USEPA United Stated Environmental Protection Agency 
WDR Waste Discharge Requirements 
WEF Water Environment Federation 
WET Whole Effluent Toxicity 
WLA Wasteload Allocation 
WQBEL Water Quality-Based Effluent Limitation 
μg Microgram 
μg/L Micrograms per Liter 

 
 
 
Part 2 – Glossary of Common Terms 

 
 

Acute Toxicity Tests 
A measurement of the adverse effect (usually mortality) of a waste discharge or ambient water 
sample on a group of test organisms during a short-term exposure. 
 
Arithmetic Mean (µ) 
Also called the average, is the sum of measured values divided by the number of samples.  For 
ambient water concentrations, the arithmetic mean is calculated as follows: 

  
Arithmetic mean = µ = Σx / n   
  
where:   Σx is the sum of the measured ambient water concentrations, and n is the 

number of samples. 
 

Armed Forces Vessel 
A vessel owned or operated by the United States Department of Defense or the United States 
Coast Guard, other than time or voyage chartered vessels, vessels of the U.S. Army Corps of 
Engineers, vessels that are memorials or museums, vessels under construction, or vessels in 
drydock. 
 
Average Monthly Effluent Limitation (AMEL) 
The highest allowable average of daily discharges over a calendar month, calculated as the sum of 
all daily discharges measured during a calendar month divided by the number of daily discharges 
measured during that month. 

Average Weekly Effluent Limitation (AWEL) 
The highest allowable average of daily discharges over a calendar week (Sunday through 
Saturday), calculated as the sum of all daily discharges measured during a calendar week divided 
by the number of daily discharges measured during that week. 

Bioaccumulative Pollutants 
Those substances taken up by an organism from its surrounding medium through gill membranes, 
epithelial tissue, or from food and subsequently concentrated and retained in the body of the 
organism. 



UNITED STATES DEPARTMENT OF THE NAVY ORDER NO. R9-2014-0037  
NAVAL BASE POINT LOMA COMPLEX NPDES NO. CA0109363 
 

 
Attachment A – Acronyms and Glossary A-4 

Best Management Practices (BMPs) 
Schedules of activities, prohibitions of practices, maintenance procedures, and other management 
practices to prevent or reduce the pollution of waters of the United States.  The BMPs also include 
treatment measures, operating procedures, and practices to control facility site runoff, spillage or 
leaks, sludge or waste disposal, or drainage from raw material storage.  The BMPs may include any 
type of pollution prevention and pollution control measure necessary to achieve compliance with 
this Order. 

Best Professional Judgment (BPJ) 
The method used by permit writers to develop technology-based NPDES permit conditions on a 
case by-case basis using all reasonably available and relevant data. 

Carcinogenic 
Pollutants are substances that are known to cause cancer in living organisms. 

Clean Water Act (CWA) 
The Federal Water Pollution Control Act enacted by Public Law 92-500 as amended by Public Laws 
95-217, 95-576, 96-483, and 97-117; 33 USC 1251 et seq. 

Chronic Toxicity Tests 
A measurement of the sub-lethal effects of a discharge or ambient water sample (e.g. reduced 
growth or reproduction). Certain chronic toxicity tests include an additional measurement of 
lethality. 

Coefficient of Variation (CV) 
CV is a measure of the data variability and is calculated as the estimated standard deviation divided 
by the arithmetic mean of the observed values. 
 
Contamination 
“Contamination” means an impairment of the quality of the waters of the state by waste to a degree 
which creates a hazard to the public health through poisoning or through the spread of disease. 
“Contamination” includes any equivalent effect resulting from the disposal of waste, whether or not 
waters of the state are affected. [CWC § 13050(k)] 
 
Daily Discharge 
Daily Discharge is defined as either: (1) the total mass of the constituent discharged over the 
calendar day (12:00 am through 11:59 pm) or any 24-hour period that reasonably represents a 
calendar day for purposes of sampling (as specified in the permit), for a constituent with limitations 
expressed in units of mass or; (2) the unweighted arithmetic mean measurement of the constituent 
over the day for a constituent with limitations expressed in other units of measurement (e.g., 
concentration).  

The daily discharge may be determined by the analytical results of a composite sample taken over 
the course of one day (a calendar day or other 24-hour period defined as a day) or by the arithmetic 
mean of analytical results from one or more grab samples taken over the course of the day. 

For composite sampling, if 1 day is defined as a 24-hour period other than a calendar day, the 
analytical result for the 24-hour period will be considered as the result for the calendar day in which 
the 24-hour period ends. 

Detected, but Not Quantified (DNQ) 
DNQ are those sample results less than the RL, but greater than or equal to the laboratory’s MDL. 
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Dilution Credit 
Dilution Credit is the amount of dilution granted to a discharge in the calculation of a water quality-
based effluent limitation (WQBEL), based on the allowance of a specified mixing zone.  It is 
calculated from the dilution ratio or determined through conducting a mixing zone study or modeling 
of the discharge and receiving water. 

Discharge incidental to the normal operation of a vessel  
A discharge, including, but not limited to: graywater, bilgewater, cooling water, weather deck runoff, 
ballast water, oil water separator effluent, and any other pollutant discharge from the operation of a 
marine propulsion system, shipboard maneuvering system, crew habitability system, or installed 
major equipment, such as an aircraft carrier elevator or a catapult, or from a protective, 
preservative, or absorptive application to the hull of a vessel; and a discharge in connection with the 
testing, maintenance, and repair of any of the aforementioned systems whenever the vessel is 
waterborne, including pierside. A discharge incidental to normal operation does not include: 
(1) Sewage; 
(2) A discharge of rubbish, trash, or garbage; 
(3) A discharge of air emissions resulting from the operation of a vessel propulsion system, motor 

driven equipment, or incinerator; 
(4) A discharge that requires a National Pollutant Discharge Elimination System (NPDES) permit 

under the Clean Water Act; or 
(5)  A discharge containing source, special nuclear, or byproduct materials regulated by the Atomic 

Energy Act. 
 
Effluent Concentration Allowance (ECA) 
ECA is a value derived from the water quality criterion/objective, dilution credit, and ambient 
background concentration that is used, in conjunction with the coefficient of variation for the effluent 
monitoring data, to calculate a long-term average (LTA) discharge concentration.  The ECA has the 
same meaning as waste load allocation (WLA) as used in USEPA guidance (Technical Support 
Document For Water Quality-based Toxics Control, March 1991, second printing, EPA/505/2-90-
001). 

Enclosed Bays 
Enclosed Bays means indentations along the coast that enclose an area of oceanic water within 
distinct headlands or harbor works.  Enclosed bays include all bays where the narrowest distance 
between the headlands or outermost harbor works is less than 75 percent of the greatest dimension 
of the enclosed portion of the bay.  Enclosed bays include, but are not limited to, Humboldt Bay, 
Bodega Harbor, Tomales Bay, Drake’ s Estero, San Francisco Bay, Morro Bay, Los Angeles-Long 
Beach Harbor, Upper and Lower Newport Bay, Mission Bay, and San Diego Bay.  Enclosed bays 
do not include inland surface waters or ocean waters. 

Estimated Chemical Concentration 
The estimated chemical concentration that results from the confirmed detection of the substance by 
the analytical method below the ML value. 

Estuaries 
Estuaries means waters, including coastal lagoons, located at the mouths of streams that serve as 
areas of mixing for fresh and ocean waters.  Coastal lagoons and mouths of streams that are 
temporarily separated from the ocean by sandbars shall be considered estuaries.  Estuarine waters 
shall be considered to extend from a bay or the open ocean to a point upstream where there is no 
significant mixing of fresh water and seawater.  Estuarine waters included, but are not limited to, the 
Sacramento-San Joaquin Delta, as defined in Water Code section 12220, Suisun Bay, Carquinez 
Strait downstream to the Carquinez Bridge, and appropriate areas of the Smith, Mad, Eel, Noyo, 
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Russian, Klamath, San Diego, and Otay rivers.  Estuaries do not include inland surface waters or 
ocean waters. 

Facility 
As used in the Storm Water Pollution Prevention Plan contained in Attachment G, a Facility is an 
area or areas discharging storm water associated with industrial activity within the property 
boundary or operational unit. 

 
Industrial High Risk Areas 
All areas where wastes or pollutants of significant quantities from ship construction, modification, 
repair, and maintenance activities (including abrasive blast grit material, primer, paint, paint chips, 
solvents, oils, fuels, sludges, detergents, cleansers, hazardous substances, toxic pollutants, non-
conventional pollutants, materials of petroleum origin, or other substances of water quality 
significance) are subject to precipitation, run-on, and/or runoff.   
 

Industrial Low Risk Areas 
All areas where wastes or pollutants from industrial activities are subject to precipitation, runon, 
and/or runoff which are not classified as Industrial No Exposure Areas or Industrial High Risk Areas.   

 
Industrial No Exposure Areas 
Areas where all industrial materials and activities are protected by a storm resistant shelter1 to 
prevent exposure to rain, snow, snowmelt, and/or runoff. “Industrial materials and activities” include, 
but are not limited to, material handling2 equipment or activities, industrial machinery, raw materials, 
intermediate products, by-products, final products, or waste products. 

Inland Surface Waters 
All surface waters of the State that do not include the ocean, enclosed bays, or estuaries. 
 
Instantaneous Maximum Effluent Limitation 
The highest allowable value for any single grab sample or aliquot (i.e., each grab sample or aliquot 
is independently compared to the instantaneous maximum limitation). 

Instantaneous Minimum Effluent Limitation 
The lowest allowable value for any single grab sample or aliquot (i.e., each grab sample or aliquot 
is independently compared to the instantaneous minimum limitation). 

Instream Waste Concentration (IWC) 
The concentration of a toxicant or effluent in the receiving water after mixing (the inverse of the 
dilution factor).  A discharge of 100 percent effluent will be considered the IWC whenever mixing 
zones or dilution credits are not authorized by the applicable Water Board. 
 

                                                
1 “Storm-resistant shelters” include completely roofed and walled buildings or structures. They also include 

structures with only a top cover supported by permanent supports but with no side coverings provided material 
within the structure is not subject to wind dispersion (sawdust, powders, etc.), track-out, and there is no storm 
water discharged from within the structure that has come into contact with any materials. 

 
2 “Material handling activities” include the storage, loading and unloading, transportation, or conveyance of any 

raw material, intermediate product, final product, or waste product. 
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Marine Pollution Control Device, (MPCD)  
Any equipment or management practice installed or used on an Armed Forces vessel that is 
designed to receive, retain, treat, control, or discharge a discharge incidental to the normal 
operation of a vessel, and that is determined by the Administrator of USEPA and Secretary of the 
Department of Defense to be the most effective equipment or management practice to reduce the 
environmental impacts of the discharge consistent with the considerations in Clean Water Act 
section 312(n)(2)(B). 
 
Maximum Daily Effluent Limitation (MDEL) 
The highest allowable daily discharge of a pollutant, over a calendar day (or 24-hour period).  For 
pollutants with limitations expressed in units of mass, the daily discharge is calculated as the total 
mass of the pollutant discharged over the day.  For pollutants with limitations expressed in other 
units of measurement, the daily discharge is calculated as the arithmetic mean measurement of the 
pollutant over the day. 

Maximum Extent Practicable (MEP) 
MEP is the technology-based standard established by Congress in CWA section 402(p)(3)(B)(iii) 
that municipal dischargers of storm water must meet.  MEP is the result of emphasizing pollution 
prevention and source control BMPs as the first lines of defense in combination with structural and 
treatment methods where appropriate serving as additional lines of defense. 
 
Median Monthly Effluent Limitation (MMEL) 
An effluent limit based on the median results of three independent toxicity tests, conducted within 
the same calendar month, and analyzed using the TST. The MMEL is exceeded when the median 
result (i.e. two out of three) is a “fail.” 
 
Median 
The middle measurement in a set of data.  The median of a set of data is found by first arranging 
the measurements in order of magnitude (either increasing or decreasing order). If the number of 
measurements (n) is odd, then the median = X(n+1)/2.  If n is even, then the median = (Xn/2 + X(n/2)+1)/2 
(i.e., the midpoint between the n/2 and n/2+1). 

Method Detection Limit (MDL) 
MDL is the minimum concentration of a substance that can be measured and reported with 99 
percent confidence that the analyte concentration is greater than zero, as defined in title 40 of the 
Code of Federal Regulations, Part 136, Attachment B, revised as of July 3, 1999. 

Minimum Level (ML) 
ML is the concentration at which the entire analytical system must give a recognizable signal and 
acceptable calibration point.  The ML is the concentration in a sample that is equivalent to the 
concentration of the lowest calibration standard analyzed by a specific analytical procedure, 
assuming that all the method specified sample weights, volumes, and processing steps have been 
followed. 

Mixing Zone 
Mixing Zone is a limited volume of receiving water that is allocated for mixing with a wastewater 
discharge where water quality criteria can be exceeded without causing adverse effects to the 
overall water body. 

Non-Storm Water Discharge 
Any discharge to storm sewer systems that is not composed entirely of storm water. 

Not Detected (ND) 
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Sample results which are less than the laboratory’s MDL. 
 
Nuisance 
“Nuisance” means anything which meets all of the following requirements: (1) Is injurious to health, 
or is indecent or offensive to the senses, or an obstruction to the free use of property, so as to 
interfere with the comfortable enjoyment of life or property. (2) Affects at the same time an entire 
community or neighborhood, or any considerable number of persons, although the extent of the 
annoyance or damage inflicted upon individuals may be unequal. (3) Occurs during, or as a result 
of, the treatment or disposal of waste. [CWC § 13050(m)] 
 
Numeric Action Level (NAL) 
Numeric Action Levels (NALs), found in Table G-1of Attachment G of this Order are used as 
numeric thresholds for corrective action.  An exceedance of a NAL is not a violation of this Order.   
 
Ocean Waters 
The territorial marine waters of the State as defined by California law to the extent these waters are 
outside of enclosed bays, estuaries, and coastal lagoons.  Discharges to ocean waters are 
regulated in accordance with the State Water Board’ s California Ocean Plan. 

Percent Effect 
The value that denotes the difference in response between the IWC and the control, divided by the 
mean response, and multiplied by 100 using the following equation: 

 
 % Effect at IWC  =  Mean Control Response - Mean IWC Response  * 100 
         Mean Control Response  

 
Persistent Pollutants 
Persistent pollutants are substances for which degradation or decomposition in the environment is 
nonexistent or very slow. 
 
Pollutant 
“Pollutant” means dredged spoil, solid waste, incinerator residue, filter backwash, sewage, garbage, 
sewage sludge, munitions, chemical wastes, biological materials, radioactive materials (except 
those regulated under the Atomic Energy Act of 1954, as amended (42 U.S.C. 2011 et seq.)), heat, 
wrecked or discarded equipment, rock, sand, cellar dirt and industrial, municipal, and agricultural 
waste discharged into water. It does not mean: (a) Sewage from vessels; or (b) Water, gas, or other 
material which is injected into a well to facilitate production of oil or gas, or water derived in 
association with oil and gas production and disposed of in a well, if the well, used either to facilitate 
production or for disposal purposes, is approved by authority of the State in which the well is 
located, and if the State determines that the injection or disposal will not result in the degradation of 
ground or surface water resources. NOTE: Radioactive materials covered by the Atomic Energy Act 
are those encompassed in its definition of source, byproduct, or special nuclear materials. 
Examples of materials not covered include radium and accelerator-produced isotopes. See Train v. 
Colorado Public Interest Research Group, Inc., 426 U.S. 1 (1976). (40 CFR 122.2) 

Pollution 
“Pollution” means an alteration of the quality of the waters of the state by waste to a degree which 
unreasonably affects either of the following: (A) The waters for beneficial uses. (B) Facilities which 
serve these beneficial uses. “Pollution” may include “contamination.” [CWC § 13050(l)] 



UNITED STATES DEPARTMENT OF THE NAVY ORDER NO. R9-2014-0037  
NAVAL BASE POINT LOMA COMPLEX NPDES NO. CA0109363 
 

 
Attachment A – Acronyms and Glossary A-9 

Pollution Prevention 
Pollution Prevention means any action that causes a net reduction in the use or generation of a 
hazardous substance or other pollutant that is discharged into water and includes, but is not limited 
to, input change, operational improvement, production process change, and product reformulation 
(as defined in CWC section 13263.3).  Pollution prevention does not include actions that merely 
shift a pollutant in wastewater from one environmental medium to another environmental medium, 
unless clear environmental benefits of such an approach are identified to the satisfaction of the 
State or San Diego Water Board. 
 
Pollution Prevention Plan (PPP) 
A PPP is a plan for implementing pollution prevention containing, at a minimum, the elements 
identified in CWC section 13263.3(d)(2). 
 
Priority Pollutants 
Priority pollutants are all compounds with criteria in the California Toxics Rule (CTR). 
 
Qualifying Storm Event 
A Qualifying Storm Event (QSE) is a precipitation event that produces a discharge for at least one 
drainage area; and is preceded by 48 hours with no discharge from any drainage area. 
 
Reporting Level (RL) 
RL is the ML (and its associated analytical method) chosen by the Discharger for reporting and 
compliance determination from the MLs included in this Order.  The MLs included in this Order 
correspond to approved analytical methods for reporting a sample result that are selected by the 
San Diego Water Board either from Appendix 4 of the SIP in accordance with section 2.4.2 of the 
SIP or established in accordance with section 2.4.3 of the SIP.  The ML is based on the proper 
application of method-based analytical procedures for sample preparation and the absence of any 
matrix interferences. Other factors may be applied to the ML depending on the specific sample 
preparation steps employed.  For example, the treatment typically applied in cases where there are 
matrix-effects is to dilute the sample or sample aliquot by a factor of ten.  In such cases, this 
additional factor must be applied to the ML in the computation of the RL.   

San Diego Water Board 
As used in this document the term "San Diego Water Board" is synonymous with the term "Regional 
Board" as defined in CWC section 13050(b) and is intended to refer to the California Regional 
Water Quality Control Board for the San Diego Region as specified in CWC Section 13200. 

Significant Materials 
Raw materials; fuels; materials such as solvents, detergents, and plastic pellets; finished materials 
such as metallic products; raw materials used in food processing or production; hazardous 
substances designated under Section 101 (14) of Comprehensive Environmental Response, 
Compensation, and Liability Act (CERCLA); and chemicals the facility is required to report pursuant 
to section 313 of title III of Superfund Amendments and Reauthorization Act (SARA); fertilizers; 
pesticides; and waste products such as ashes, slag, and sludge that have the potential to be 
discharged. 

Significant Quantities 
Volumes, concentrations, or masses of pollutants that can cause or threaten to cause pollution, 
contamination, or nuisance; adversely impact human health or the environment; and/or cause or 
contribute to a violation of any applicable water quality standard for the receiving water or any 
receiving water limitation. 
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Significant Spills 
Include, but are not limited to, releases of oil or hazardous substances in excess of reportable 
quantities under section 311 of the CWA (see 40 CFR 110 and 117.21) or section 102 of CERCLA 
(see 40 CFR 302.4). 

Small Municipal Separate Storm Sewer System (Small MS4) Areas 
Areas where no industrial activities occur.  Areas designated as “Small MS4 Areas” shall be 
applicable to the Storm Water Management Program (SWMP) requirements contained within 
section IV.D.2 of this Order. 
 
Standard Deviation (σ) 
Standard Deviation is a measure of variability that is calculated as follows: 

    σ = (∑[(x - µ)2]/(n – 1))0.5 
 
    where: 

x is the observed value; 
µ is the arithmetic mean of the observed values; and 
n is the number of samples. 

 
 

Storm Water 
Includes storm water runoff, snowmelt runoff, and storm water surface runoff and drainage.  It 
excludes infiltration and runoff from agricultural land. 

Storm Water Discharge Associated with Industrial Activity 
The discharge from any conveyance that is used for collecting and conveying storm water and that 
is directly related to manufacturing, processing or raw materials storage areas at an industrial plant. 
The term does not include discharges from facilities or activities excluded from the NPDES program 
under 40 CFR part 122. The term includes, but is not limited to, storm water discharges from 
industrial plant yards; immediate access roads and rail lines used or traveled by carriers of raw 
materials, manufactured products, waste material, or by-products used or created by the facility; 
material handling sites; refuse sites; sites used for the application or disposal of process waste 
waters; sites used for residual treatment, storage areas (including tank farms) for raw materials, and 
intermediate and final products; and areas where industrial activity has taken place in the past and 
significant materials remain and are exposed to storm water. For the purposes of this paragraph, 
material handling activities include storage, loading and unloading, transportation, or conveyance of 
any raw material, intermediate product, final product, by-product, or waste product. The term 
excludes areas located on plant lands separate from the plant’s industrial activities, such as office 
buildings and accompanying parking lots as long as the drainage from the excluded areas is not 
mixed with storm water drained from the above described areas.  Industrial facilities (including 
industrial facilities that are federally, State, or municipally owned or operated that meet the 
description of the facilities referenced in this paragraph) include those facilities designated under 40 
CFR 122.26(a)(1)(v). 
 
Storm Water Management Plan (SWMP) 
The Storm Water Management Plan (SWMP) is a written plan to reduce the discharge of pollutants 
from “Small Municipal (Military Base) MS4 Areas” to the technology–based standard of MEP to 
protect receiving water quality. 
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Storm Water Pollution Prevention Plan (SWPPP) 
A SWPPP is a written document that identifies the industrial activities conducted at the site, 
including any structural control practices, which the industrial facility operator will implement to 
prevent pollutants from making their way into storm water runoff.  The SWPPP also must include 
descriptions of other relevant information, such as the physical features of the facility, and 
procedures for spill prevention, conducting inspections, and training of employees.  The SWPPP is 
intended to be a “living” document, updated as necessary, such that when industrial activities or 
storm water control practices are modified or replaced, the SWPPP is similarly revised to reflect 
these changes. 
 
Test of Significant Toxicity (TST) 
A statistical approach used to analyze toxicity test data. The TST incorporates a restated null 
hypothesis, Welch’s t-test, and biological effect thresholds for chronic and acute toxicity. 
 
Toxicity Reduction Evaluation (TRE) 
TRE is a study conducted in a step-wise process designed to identify the causative agents of 
effluent or ambient toxicity, isolate the sources of toxicity, evaluate the effectiveness of toxicity 
control options, and then confirm the reduction in toxicity.  The first steps of the TRE consist of the 
collection of data relevant to the toxicity, including additional toxicity testing, and an evaluation of 
facility operations and maintenance practices, and best management practices.  A Toxicity 
Identification Evaluation (TIE) may be required as part of the TRE, if appropriate.  (A TIE is a set of 
procedures to identify the specific chemical(s) responsible for toxicity.  These procedures are 
performed in three phases (characterization, identification, and confirmation) using aquatic 
organism toxicity tests.) 

Vessel 
Includes every description of watercraft or other artificial contrivance used, or capable of being 
used, as a means of transportation on navigable waters of the United States or waters of the 
contiguous zone, but does not include amphibious vehicles. 

Water Quality Objectives  
Numerical or narrative limits on constituents or characteristics of water designed to protect 
designated beneficial uses of the water. 

Water Quality Standards 
Water quality standards, as defined in CWA section 303(c) and 40 CFR131.6, consist of 1) the 
beneficial uses of a water body, 2) criteria (referred to as water quality objectives in California law) 
to protect those uses, and 3) an anti-degradation policy.  Under state law, the water boards 
establish beneficial uses and water quality objectives in their water quality control or basin plans. 
Together with an anti-degradation policy (State Water Board Resolution 68-16), these beneficial 
uses and water quality objectives serve as water quality standards under the CWA. In CWA 
parlance, state beneficial uses are called “designated uses” and state water quality objectives are 
called “criteria.” Throughout this Order, the relevant term is used depending on the statutory 
scheme.  The water quality standards described in section V of this Order are enforceable receiving 
water limitations for the surface water bodies for which they are established. 
 
Waters of the United States 
Waters of the United States are defined as: “(a) All waters, which are currently used, were used in 
the past, or may be susceptible to use in interstate or foreign commerce, including all waters which 
are subject to the ebb and flow of the tide; (b) All interstate waters, including interstate “wetlands;” 
(c) All other waters such as intrastate lakes, rivers, streams (including intermittent streams), 
mudflats, sandflats, “wetlands,” sloughs, prairie potholes, wet meadows, playa lakes, or natural 
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ponds the use, degradation or destruction of which would affect or could affect interstate or foreign 
commerce including any such waters: (1) Which are or could be used by interstate or foreign 
travelers for recreational or other purposes; (2) From which fish or shellfish are or could be taken 
and sold in interstate or foreign commerce; or (3) Which are used or could be used for industrial 
purpose by industries in interstate commerce; (d) All impoundments of waters otherwise defined as 
waters of the United States under this definition: (e) Tributaries of waters identified in paragraphs 
(a) through (d) of this definition; (f) The territorial seas; and (g) “Wetlands” adjacent to waters (other 
than waters that are themselves wetlands) identified in paragraphs (a) through (f) of this definition. 
Waters of the United States do not include prior converted cropland. Notwithstanding the 
determination of an area’s status as prior converted cropland by any other federal agency, for the 
purposes of the Clean Water Act, the final authority regarding Clean Water Act jurisdiction remains 
with the EPA.” (40 CFR 122.2) 
 
Whole Effluent Toxicity (WET) 
The aggregate toxic effect of a waste discharge measured directly by a chronic or acute 
toxicity test. 
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B.  
ATTACHMENT B – MAPS 

 
Figure B-1. NBPL Installations 
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Figure B-2. NBPL Topographic Map 
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Figure B-3. NBPL Process Wastewater Discharge Locations  
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Figure B-4. NBPL Industrial Storm Water Discharge Locations on Point Loma  
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Figure B-5. NBPL Industrial Storm Water Risk Areas Part 1 
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Figure B-6. NBPL Industrial Storm Water Risk Areas Part 2 

 
  



UNITED STATES DEPARTMENT OF THE NAVY ORDER NO. R9-2014-0037  
NAVAL BASE POINT LOMA COMPLEX NPDES NO. CA0109363 
 

 
Attachment B – Maps B-7 

Figure B-7. NBPL Industrial Storm Water  Risk Areas Part 3 
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Figure B-8. NBPL Industrial Storm Water  Risk Areas Part 4 
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Figure B-9. NBPL Industrial Storm Water  Risk Areas Part 5 

  

SSC Old Town Campus (OTC) and Taylor Street Facility (TSF) 
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Figure B-10. NBPL Non-Industrial (Small MS4) Storm Water Discharge Locations – Part 1 
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Figure B-11. NBPL Non-Industrial (Small MS4) Storm Water Discharge Locations – Part 2 
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C.  
  

ATTACHMENT C – FLOW SCHEMATIC 
 

Figure C-1. Chlorination/Dechlorination Tanks 
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Figure C-2. Pier Washing 

 
 
 
 
 
 
Figure C-3. Marine Mammal Pools 
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Figure C-4. Marine Mammal Enclosure Cleaning 

 
 
 
 
 
 
 
 
 
 
Figure C-5. Returned Unused Bay Water, Building 111 
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Figure C-6. Abalone Tank  

 
 
 
Figure C-7. Pier Boom Cleaning 
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Figure C-8. Small Boat Rinsing 

 
 
 
 
 
 
 
 
Figure C-9. Utility Vault and Manhole Dewatering 
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D.  
ATTACHMENT D – STANDARD PROVISIONS 

 
I. STANDARD PROVISIONS – PERMIT COMPLIANCE 

A. Duty to Comply 

1. The Discharger must comply with all of the conditions of this Order. Any noncompliance 
constitutes a violation of the Clean Water Act (CWA) and the California Water Code 
(CWC) and is grounds for enforcement action, for permit termination, revocation and 
reissuance, or modification; or denial of a permit renewal application.  (40 CFR § 
122.41(a).) 

2. The Discharger shall comply with effluent standards or prohibitions established under 
section 307(a) of the CWA for toxic pollutants and with standards for sewage sludge use 
or disposal established under section 405(d) of the CWA within the time provided in the 
regulations that establish these standards or prohibitions, even if this Order has not yet 
been modified to incorporate the requirement.  (40 CFR § 122.41(a)(1).) 

B. Need to Halt or Reduce Activity Not a Defense 

It shall not be a defense for a Discharger in an enforcement action that it would have been 
necessary to halt or reduce the permitted activity in order to maintain compliance with the 
conditions of this Order.  (40 CFR § 122.41(c).) 

C. Duty to Mitigate  

The Discharger shall take all reasonable steps to minimize or prevent any discharge or 
sludge use or disposal in violation of this Order that has a reasonable likelihood of adversely 
affecting human health or the environment.  (40 CFR § 122.41(d).) 

D. Proper Operation and Maintenance  

The Discharger shall at all times properly operate and maintain all facilities and systems of 
treatment and control (and related appurtenances) which are installed or used by the 
Discharger to achieve compliance with the conditions of this Order.  Proper operation and 
maintenance also includes adequate laboratory controls and appropriate quality assurance 
procedures.  This provision requires the operation of backup or auxiliary facilities or similar 
systems that are installed by a Discharger only when necessary to achieve compliance with 
the conditions of this Order.  (40 CFR §122.41(e).) 

E. Property Rights  

1. This Order does not convey any property rights of any sort or any exclusive privileges.  
(40 CFR § 122.41(g).) 

2. The issuance of this Order does not authorize any injury to persons or property or 
invasion of other private rights, or any infringement of state or local law or regulations.  
(40 CFR § 122.5(c).) 
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F. Inspection and Entry  

The Discharger shall allow the San Diego Water Board, State Water Board, United States 
Environmental Protection Agency (USEPA), and/or their authorized representatives 
(including an authorized contractor acting as their representative), upon the presentation of 
credentials and other documents, as may be required by law, to (40 CFR § 122.41(i); CWC, 
§ 13383): 

1. Enter upon the Discharger’ s premises where a regulated facility or activity is located or 
conducted, or where records are kept under the conditions of this Order (40 CFR § 
122.41(i)(1)); 

2. Have access to and copy, at reasonable times, any records that must be kept under the 
conditions of this Order (40 CFR § 122.41(i)(2)); 

3. Inspect and photograph, at reasonable times, any facilities, equipment (including 
monitoring and control equipment), practices, or operations regulated or required under 
this Order (40 CFR § 122.41(i)(3)); and 

4. Sample or monitor, at reasonable times, for the purposes of assuring Order compliance 
or as otherwise authorized by the CWA or the Water Code, any substances or 
parameters at any location.  (40 CFR § 122.41(i)(4).) 

G. Bypass 

1. Definitions 

 “Bypass” means the intentional diversion of waste streams from any portion of a a.
treatment facility.  (40 CFR § 122.41(m)(1)(i).) 

 “Severe property damage” means substantial physical damage to property, damage b.
to the treatment facilities, which causes them to become inoperable, or substantial 
and permanent loss of natural resources that can reasonably be expected to occur in 
the absence of a bypass.  Severe property damage does not mean economic loss 
caused by delays in production.  (40 CFR § 122.41(m)(1)(ii).) 

2. Bypass not exceeding limitations.  The Discharger may allow any bypass to occur which 
does not cause exceedances of effluent limitations, but only if it is for essential 
maintenance to assure efficient operation.  These bypasses are not subject to the 
provisions listed in Standard Provisions – Permit Compliance I.G.3, I.G.4, and I.G.5 
below.  (40 CFR § 122.41(m)(2).) 

3. Prohibition of bypass.  Bypass is prohibited, and the San Diego Water Board may take 
enforcement action against a Discharger for bypass, unless (40 CFR § 122.41(m)(4)(i)): 

 Bypass was unavoidable to prevent loss of life, personal injury, or severe property a.
damage (40 CFR § 122.41(m)(4)(i)(A)); 

 There were no feasible alternatives to the bypass, such as the use of auxiliary b.
treatment facilities, retention of untreated wastes, or maintenance during normal 
periods of equipment downtime.  This condition is not satisfied if adequate back-up 
equipment should have been installed in the exercise of reasonable engineering 
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judgment to prevent a bypass that occurred during normal periods of equipment 
downtime or preventive maintenance (40 CFR § 122.41(m)(4)(i)(B)); and 

 The Discharger submitted notice to the San Diego Water Board as required under c.
Standard Provisions – Permit Compliance I.G.5 below.  (40 CFR § 
122.41(m)(4)(i)(C).) 

4. The San Diego Water Board may approve an anticipated bypass, after considering its 
adverse effects, if the San Diego Water Board determines that it will meet the three 
conditions listed in Standard Provisions – Permit Compliance I.G.3 above.  (40 CFR § 
122.41(m)(4)(ii).) 

5. Notice 

 Anticipated bypass.  If the Discharger knows in advance of the need for a bypass, it a.
shall submit a notice, if possible at least 10 days before the date of the bypass.  (40 
CFR § 122.41(m)(3)(i).) 

 Unanticipated bypass.  The Discharger shall submit notice of an unanticipated b.
bypass as required in Standard Provisions - Reporting V.E below (24-hour notice).  
(40 CFR § 122.41(m)(3)(ii).) 

H. Upset 

Upset means an exceptional incident in which there is unintentional and temporary 
noncompliance with technology based permit effluent limitations because of factors beyond 
the reasonable control of the Discharger.  An upset does not include noncompliance to the 
extent caused by operational error, improperly designed treatment facilities, inadequate 
treatment facilities, lack of preventive maintenance, or careless or improper operation.  (40 
CFR § 122.41(n)(1).) 

1. Effect of an upset.  An upset constitutes an affirmative defense to an action brought for 
noncompliance with such technology based permit effluent limitations if the requirements 
of Standard Provisions – Permit Compliance I.H.2 below are met.  No determination 
made during administrative review of claims that noncompliance was caused by upset, 
and before an action for noncompliance, is final administrative action subject to judicial 
review.  (40 CFR § 122.41(n)(2).) 

2. Conditions necessary for a demonstration of upset.  A Discharger who wishes to 
establish the affirmative defense of upset shall demonstrate, through properly signed, 
contemporaneous operating logs or other relevant evidence that (40 CFR § 
122.41(n)(3)): 

 An upset occurred and that the Discharger can identify the cause(s) of the upset (40 a.
CFR § 122.41(n)(3)(i)); 

 The permitted facility was, at the time, being properly operated (40 CFR § b.
122.41(n)(3)(ii)); 

 The Discharger submitted notice of the upset as required in Standard Provisions – c.
Reporting V.E.2.b below (24-hour notice) (40 CFR § 122.41(n)(3)(iii)); and 
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 The Discharger complied with any remedial measures required under  d.
Standard Provisions – Permit Compliance I.C above.  (40 CFR § 122.41(n)(3)(iv).) 

3. Burden of proof.  In any enforcement proceeding, the Discharger seeking to establish 
the occurrence of an upset has the burden of proof.  (40 CFR § 122.41(n)(4).) 

II. STANDARD PROVISIONS – PERMIT ACTION 

A. General 

This Order may be modified, revoked and reissued, or terminated for cause.  The filing of a 
request by the Discharger for modification, revocation and reissuance, or termination, or a 
notification of planned changes or anticipated noncompliance does not stay any Order 
condition. (40 CFR § 122.41(f).) 

B. Duty to Reapply 

If the Discharger wishes to continue an activity regulated by this Order after the expiration 
date of this Order, the Discharger must apply for and obtain a new permit.  (40 CFR § 
122.41(b).) 

C. Transfers 

This Order is not transferable to any person except after notice to the San Diego Water 
Board.  The San Diego Water Board may require modification or revocation and reissuance 
of this Order to change the name of the Discharger and incorporate such other requirements 
as may be necessary under the CWA and the Water Code.  (40 CFR § 122.41(l)(3); § 
122.61.).) 

III. STANDARD PROVISIONS – MONITORING 

A. Samples and measurements taken for the purpose of monitoring shall be representative 
of the monitored activity.  (40 CFR § 122.41(j)(1).) 

B. Monitoring results must be conducted according to test procedures under Part 136 or, in 
the case of sludge use or disposal, approved under Part 136 unless otherwise specified 
in Part 503 unless other test procedures have been specified in this Order.  (40 CFR § 
122.41(j)(4); § 122.44(i)(1)(iv).) 

IV. STANDARD PROVISIONS – RECORDS 

A. Except for records of monitoring information required by this Order related to the Discharger’ 
s sewage sludge use and disposal activities, which shall be retained for a period of at least 
five years (or longer as required by Part 503), the Discharger shall retain records of all 
monitoring information, including all calibration and maintenance records and all original 
strip chart recordings for continuous monitoring instrumentation, copies of all reports 
required by this Order, and records of all data used to complete the application for this 
Order, for a period of at least three (3) years from the date of the sample, measurement, 
report or application.  This period may be extended by request of the San Diego Water 
Board Executive Officer at any time.  (40 CFR § 122.41(j)(2).) 

B. Records of monitoring information shall include: 
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1. The date, exact place, and time of sampling or measurements (40 CFR § 122.41(j)(3)(i)); 

2. The individual(s) who performed the sampling or measurements (40 CFR § 
122.41(j)(3)(ii)); 

3. The date(s) analyses were performed (40 CFR § 122.41(j)(3)(iii)); 

4. The individual(s) who performed the analyses (40 CFR § 122.41(j)(3)(iv)); 

5. The analytical techniques or methods used (40 CFR § 122.41(j)(3)(v)); and 

6. The results of such analyses.  (40 CFR § 122.41(j)(3)(vi).) 

C. Claims of confidentiality for the following information will be denied (40 CFR § 
122.7(b)): 

1. The name and address of any permit applicant or Discharger (40 CFR § 122.7(b)(1)); 
and 

2. Permit applications and attachments, permits and effluent data.  (40 CFR § 122.7(b)(2).) 

V. STANDARD PROVISIONS – REPORTING 

A. Duty to Provide Information 

The Discharger shall furnish to the San Diego Water Board, State Water Board, or USEPA 
within a reasonable time, any information which the San Diego Water Board, State Water 
Board, or USEPA may request to determine whether cause exists for modifying, revoking 
and reissuing, or terminating this Order or to determine compliance with this Order.  Upon 
request, the Discharger shall also furnish to the San Diego Water Board, State Water Board, 
or USEPA copies of records required to be kept by this Order.  (40 CFR § 122.41(h); Water. 
Code, § 13267.) 

B. Signatory and Certification Requirements 

1. All applications, reports, or information submitted to the San Diego Water Board, State 
Water Board, and/or USEPA shall be signed and certified in accordance with Standard 
Provisions – Reporting V.B.2, V.B.3, V.B.4, and V.B.5 below.  (40 CFR § 122.41(k).) 

2. All permit applications shall be signed by either a principal executive officer or ranking 
elected official. For purposes of this provision, a principal executive officer of a federal 
agency includes: (i) the chief executive officer of the agency, or (ii) a senior executive 
officer having responsibility for the overall operations of a principal geographic unit of the 
agency (e.g., Regional Administrators of U.S. EPA). (40 C.F.R. § 122.22(a)(3).). 

3. All reports required by this Order and other information requested by the San Diego 
Water Board, State Water Board, or USEPA shall be signed by a person described in 
Standard Provisions – Reporting V.B.2 above, or by a duly authorized representative of 
that person.  A person is a duly authorized representative only if: 

 The authorization is made in writing by a person described in Standard Provisions – a.
Reporting V.B.2 above (40 CFR § 122.22(b)(1)); 
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 The authorization specifies either an individual or a position having responsibility for b.
the overall operation of the regulated facility or activity such as the position of plant 
manager, operator of a well or a well field, superintendent, position of equivalent 
responsibility, or an individual or position having overall responsibility for 
environmental matters for the company.  (A duly authorized representative may thus 
be either a named individual or any individual occupying a named position.) (40 CFR 
§ 122.22(b)(2)); and 

 The written authorization is submitted to the San Diego Water Board and State c.
Water Board.  (40 CFR § 122.22(b)(3).) 

4. If an authorization under Standard Provisions – Reporting V.B.3 above is no longer 
accurate because a different individual or position has responsibility for the overall 
operation of the facility, a new authorization satisfying the requirements of Standard 
Provisions – Reporting V.B.3 above must be submitted to the San Diego Water Board 
and State Water Board prior to or together with any reports, information, or applications, 
to be signed by an authorized representative.  (40 CFR § 122.22 (c).) 

5. Any person signing a document under Standard Provisions – Reporting V.B.2 or V.B.3 
above shall make the following certification: 
 
“I certify under penalty of law that this document and all attachments were prepared 
under my direction or supervision in accordance with a system designed to assure that 
qualified personnel properly gather and evaluate the information submitted.  Based on 
my inquiry of the person or persons who manage the system or those persons directly 
responsible for gathering the information, the information submitted is, to the best of my 
knowledge and belief, true, accurate, and complete.  I am aware that there are 
significant penalties for submitting false information, including the possibility of fine and 
imprisonment for knowing violations.”  (40 CFR § 122.22(d).) 

C. Monitoring Reports 

1. Monitoring results shall be reported at the intervals specified in the Monitoring and 
Reporting Program (Attachment E) in this Order.  (40 CFR § 122.22(l)(4).) 

2. Monitoring results must be reported on a Discharge Monitoring Report (DMR) form or 
forms provided or specified by the San Diego Water Board or State Water Board for 
reporting results of monitoring of sludge use or disposal practices.  (40 CFR § 
122.41(l)(4)(i).) 

3. If the Discharger monitors any pollutant more frequently than required by this Order 
using test procedures approved under Part 136 or, in the case of sludge use or disposal, 
approved under Part 136 unless otherwise specified in Part 503, or as specified in this 
Order, the results of this monitoring shall be included in the calculation and reporting of 
the data submitted in the DMR or sludge reporting form specified by the San Diego 
Water Board.  (40 CFR § 122.41(l)(4)(ii).) 

4. Calculations for all limitations, which require averaging of measurements, shall utilize an 
arithmetic mean unless otherwise specified in this Order.  (40 CFR § 122.41(l)(4)(iii).) 
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D. Compliance Schedules 

Reports of compliance or noncompliance with, or any progress reports on, interim and final 
requirements contained in any compliance schedule of this Order, shall be submitted no 
later than 14 days following each schedule date.  (40 CFR § 122.41(l)(5).) 

E. Twenty-Four Hour Reporting 

1. The Discharger shall report any noncompliance that may endanger health or the 
environment. Any information shall be provided orally within 24 hours from the time the 
Discharger becomes aware of the circumstances.  A written submission shall also be 
provided within five (5) days of the time the Discharger becomes aware of the 
circumstances.  The written submission shall contain a description of the noncompliance 
and its cause; the period of noncompliance, including exact dates and times, and if the 
noncompliance has not been corrected, the anticipated time it is expected to continue; 
and steps taken or planned to reduce, eliminate, and prevent reoccurrence of the 
noncompliance.  (40 CFR § 122.41(l)(6)(i).) 

2. The following shall be included as information that must be reported within 24 hours 
under this paragraph (40 CFR § 122.41(l)(6)(ii)): 

 Any unanticipated bypass that exceeds any effluent limitation in this Order.  (40 CFR a.
§ 122.41(l)(6)(ii)(A).) 

 Any upset that exceeds any effluent limitation in this Order.  (40 CFR § b.
122.41(l)(6)(ii)(B).) 

3. The San Diego Water Board may waive the above-required written report under this 
provision on a case-by-case basis if an oral report has been received within 24 hours.  
(40 CFR § 122.41(l)(6)(iii).) 

F. Planned Changes 

The Discharger shall give notice to the San Diego Water Board as soon as possible of any 
planned physical alterations or additions to the permitted facility.  Notice is required under 
this provision only when (40 CFR § 122.41(l)(1)): 

1. The alteration or addition to a permitted facility may meet one of the criteria for 
determining whether a facility is a new source in section 122.29(b) (40 CFR § 
122.41(l)(1)(i)); or 

2. The alteration or addition could significantly change the nature or increase the quantity 
of pollutants discharged.  This notification applies to pollutants that are not subject to 
effluent limitations in this Order.  (40 CFR § 122.41(l)(1)(ii).) 

3. The alteration or addition results in a significant change in the Discharger's sludge use or 
disposal practices, and such alteration, addition, or change may justify the application of 
permit conditions that are different from or absent in the existing permit, including 
notification of additional use or disposal sites not reported during the permit application 
process or not reported pursuant to an approved land application plan.  (40 CFR § 
122.41(l)(1)(iii).) 
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G. Anticipated Noncompliance 

The Discharger shall give advance notice to the San Diego Water Board or State Water 
Board of any planned changes in the permitted facility or activity that may result in 
noncompliance with General Order requirements.  (40 CFR § 122.41(l)(2).) 

H. Other Noncompliance 

The Discharger shall report all instances of noncompliance not reported under Standard 
Provisions – Reporting V.C, V.D, and V.E above at the time monitoring reports are 
submitted. The reports shall contain the information listed in Standard Provision – Reporting 
V.E above.  (40 CFR § 122.41(l)(7).) 

I. Other Information 

When the Discharger becomes aware that it failed to submit any relevant facts in a permit 
application, or submitted incorrect information in a permit application or in any report to the 
San Diego Water Board, State Water Board, or USEPA, the Discharger shall promptly 
submit such facts or information.  (40 CFR § 122.41(l)(8).) 

VI. STANDARD PROVISIONS – ENFORCEMENT 

A. The San Diego Water Board is authorized to enforce the terms of this permit under several 
provisions of the CWC, including, but not limited to, sections 13385, 13386, and 13387. 

VII. ADDITIONAL PROVISIONS – NOTIFICATION LEVELS 

A. Non-Municipal Facilities 

Existing manufacturing, commercial, mining, and silvicultural Dischargers shall notify the 
San Diego Water Board as soon as they know or have reason to believe (40 CFR § 
122.42(a)): 

1. That any activity has occurred or will occur that would result in the discharge, on a 
routine or frequent basis, of any toxic pollutant that is not limited in this Order, if that 
discharge will exceed the highest of the following "notification levels" (40 CFR § 
122.42(a)(1)): 

 100 micrograms per liter (μg/L) (40 CFR § 122.42(a)(1)(i)); a.

 200 μg/L for acrolein and acrylonitrile; 500 μg/L for 2,4-dinitrophenol and b.
2-methyl-4,6-dinitrophenol; and 1 milligram per liter (mg/L) for antimony (40 CFR § 
122.42(a)(1)(ii)); 

 Five (5) times the maximum concentration value reported for that pollutant in the c.
Report of Waste Discharge (40 CFR § 122.42(a)(1)(iii)); or 

 The level established by the San Diego Water Board in accordance with section d.
122.44(f).  (40 CFR § 122.42(a)(1)(iv).) 

2. That any activity has occurred or will occur that would result in the discharge, on a non-
routine or infrequent basis, of any toxic pollutant that is not limited in this Order, if that 
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discharge will exceed the highest of the following “notification levels" (40 CFR § 
122.42(a)(2)): 

 500 micrograms per liter (μg/L) (40 CFR § 122.42(a)(2)(i)); a.

 1 milligram per liter (mg/L) for antimony (40 CFR § 122.42(a)(2)(ii)); b.

 Ten (10) times the maximum concentration value reported for that pollutant in the c.
Report of Waste Discharge (40 CFR § 122.42(a)(2)(iii)); or 

 The level established by the San Diego Water Board in accordance with section d.
122.44(f).  (40 CFR § 122.42(a)(2)(iv).) 
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E.  
 

 
ATTACHMENT E – MONITORING AND REPORTING PROGRAM (MRP) 

The Code of Federal Regulations (40 CFR sections 122.44(i) and 122.48) requires that all National 
Pollutant Discharge Elimination System (NPDES) permits specify monitoring and reporting 
requirements. California Water Code (CWC) sections 13267 and 13383 also authorize the San Diego 
Water Board to require technical and monitoring reports. This MRP establishes monitoring and 
reporting requirements that implement federal and California regulations. 

I. GENERAL MONITORING PROVISIONS 

A. Samples and measurements taken as required herein shall be representative of the volume 
and nature of the monitored discharge.  All samples shall be taken at the monitoring 
locations specified below and, unless otherwise specified, before the monitoring flow joins or 
is diluted by any other waste stream, body of water, or substance.  Monitoring locations shall 
not be changed without notification to and the approval of the San Diego Water Board.   

B. Monitoring must be conducted according to United States Environmental Protection Agency 
(USEPA) test procedures approved at 40 CFR part 136, Guidelines Establishing Test 
Procedures for the Analysis of Pollutants under the Clean Water Act as amended, unless 
other test procedures are specified in this Order and/or in this MRP. Alternative test 
procedures not specified in this Order are subject to San Diego Water Board and USEPA 
approval. 

C. A copy of the monitoring and reports signed, and certified as required by Attachment D, 
Standard Provisions V.B, of this Order, shall be submitted to the San Diego Water Board at 
the address listed in section VIII.C.5.c this MRP. 

D. The Discharger shall retain records of all monitoring information, including all calibration and 
maintenance records and all original strip chart recordings for continuous monitoring, 
instrumentation, copies of all reports required by this Order and this MRP, and records of all 
data used to complete the application for this Order. Records of monitoring information shall 
include information required under Attachment D, Standard Provisions, section IV.    
Records shall be maintained for a minimum of five years from the date of sample, 
measurement, report, or application.  This period may be extended by request of this San 
Diego Water Board or by the USEPA at any time. 

E. All analyses shall be performed in a laboratory certified to perform such analyses by the 
California Department of Public Health (CDPH) or by a laboratory approved by the San 
Diego Water Board or USEPA. The laboratory must be accredited under the CDPH 
Environmental Laboratory Accreditation (ELAP) program to ensure the quality of analytical 
data used for regulatory purposes to meet the requirements of this Order.  Additional 
information on ELAP can be accessed at http://www.cdph.ca.gov/certlic/labs/Pages/ELAP-
CAInformation.aspx. 

F. The Discharger shall report in its cover letter all instances of noncompliance not reported 
under Attachment D, section V.H of this Order at the time monitoring reports are submitted.  
The reports shall contain the information listed in Attachment D, section V.E of this Order. 

http://www.cdph.ca.gov/certlic/labs/Pages/ELAP-CAInformation.aspx
http://www.cdph.ca.gov/certlic/labs/Pages/ELAP-CAInformation.aspx
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G. All monitoring instruments and devices used by the Discharger to fulfill the prescribed 
monitoring program shall be properly maintained and calibrated as necessary to ensure their 
continued accuracy.  All flow measurement devices shall be calibrated at least once per 
year to ensure continued accuracy of the devices. 

H. The Discharger shall have, and implement, an acceptable written quality assurance (QA) 
plan for laboratory analyses.  When requested by USEPA or the San Diego Water Board, 
the Discharger will participate in the NPDES discharge monitoring report QA performance 
study.  The Discharger should have a success rate equal to or greater than 80 percent. 

I. Monitoring results shall be reported at intervals and in a manner specified in this Order or in 
this MRP.   

J. This MRP may be modified by the San Diego Water Board as appropriate. 

K. This Order may be modified by the San Diego Water Board and the USEPA to enable the 
Discharger to participate in comprehensive regional monitoring activities conducted in the 
Regional Harbor Monitoring Program. Minor changes may be made without further public 
notice. 

II. MONITORING LOCATIONS 

A. Monitoring Station Locations 

The Discharger shall establish the following monitoring locations to demonstrate compliance 
with the effluent limitations, discharge specifications, and other requirements in this Order.  
Samples required by this Order shall be collected at a point or prior to the point of discharge, 
at the designated NPDES sampling station for the effluent as specified in Table E-1 below: 

Table E-1.  Monitoring Station Locations 
Discharge 
Location 

No. 

Monitoring 
Location 

Name 
Monitoring Location Description 

CS-001 CS-001 
A location where a representative sample of the Topside Chlorinator Units from 
Naval Base Point Loma (NBPL)-Main Base can be obtained:  32º 41’ 23” N; 117º 
14’ 18” W 

CS-002 CS-002 A location where a representative sample of the Topside Chlorinator Units from 
NBPL-Main Base can be obtained:  32º 41’ 21” N; 117º 14’ 11” W 

CS-003 CS-003 A location where a representative sample of the Topside Chlorinator Units from 
NBPL-Main Base can be obtained:  32º 41’ 16” N; 117º 14’ 6” W 

PW-001 PW-001 A location where a representative sample of Pier Washing Wastewater can be 
obtained:  32º 41’ 37” N; 117º 14’ 19” W 

PW-002 PW-002 A location where a representative sample of Pier Washing Wastewater can be 
obtained:  32º 42’ 13” N; 117º 14’ 8” W 

MP-001 INF-MP-001 
A location where a representative sample of the influent to the Marine Mammal 
Pool at SSC Pacific PLC can be obtained:   
32º 42’ 8” N; 117º 14’ 14” W 

MP-001 MP-001 (was 
DP-002) 

A location where a representative sample of Marine Mammal Pool Water at SSC 
Pacific PLC can be obtained:  32º 42’ 8” N; 117º 14’ 14” W 

MP-002 INF-MP-002 
A location where a representative sample of the influent to the Marine Mammal 
Pool Water at FLC San Diego can be obtained:   
32º 41’ 57” N; 117º 14’ 21” W 
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Discharge 
Location 

No. 

Monitoring 
Location 

Name 
Monitoring Location Description 

MP-002 MP-002 (was 
DP-001) 

A location where a representative sample of Marine Mammal Pool Water at FLC 
San Diego can be obtained:  32º 41’ 57” N; 117º 14’ 21” W 

MP-003 INF-MP-003 A location where a representative sample of the influent to the Marine Mammal 
Pool Water during temporary relocation to NMAWC can be obtained.   

MP-003 MP-003 A location where a representative sample of Marine Mammal Pool Water during 
temporary relocation to NMAWC can be obtained. 

UBW-001 UBW-001 A location where a representative sample of the Returned Unused Bay Water for 
SSC Pacific PLC Bldg. 111 can be obtained:  32º 42’ 19” N; 117º 14’ 11” W 

APL-001 INF-ABL-001 A location where a representative sample of the influent to the Abalone Tanks 
can be obtained:  32º 41’ 33” N; 117º 14’ 22” W 

ABL-001 ABL-001 A location where a representative sample of the Abalone Tank Wastewater can 
be obtained:  32º 41’ 33” N; 117º 14’ 22” W 

BW-001 BW-001 A location where a representative sample of the Pier Boom Cleaning Wastewater 
can be obtained:  32º 41’ 19” N; 117º 14’ 19” W 

ME-001 ME-001 A location where a representative sample of the Marine Mammal Enclosure 
Cleaning Wastewater can be obtained:  32º 42’ 15” N; 117º 14’ 8” W 

ME-002 ME-002 A location where a representative sample of the Marine Mammal Enclosure 
Cleaning Wastewater can be obtained:  32º 42’ 9” N; 117º 14’ 11” W 

ME-003 ME-003 A location where a representative sample of the Marine Mammal Enclosure 
Cleaning Wastewater can be obtained:  32º 42’ 53” N; 117º 14’ 18” W 

ME-004 ME-004 A location where a representative sample of the Marine Mammal Enclosure 
Cleaning Water can be obtained during temporary relocation to NMAWC. 

BR-001 BR-001 A location where a representative sample of the Small Boat Rinsing Wastewater 
at SSC Pacific PLC can be obtained:  32º 42’ 13” N; 117º 14’ 11” W 

BR-002 BR-002 A location where a representative sample of the Small Boat Rinsing Water at 
NMAWC can be obtained:  32º 43’ 21” N; 117º 13’ 10” W 

UV-001 
through 
UV-018 

UV-001 
through UV-

018 

A location where a representative sample of the Utility Vault and Manhole 
Dewatering Discharge can be obtained.  Individual coordinates are listed in 
Table F-11 in Attachment F (Fact Sheet). 

-- 

Industrial 
Storm Water 

See 
Attachment M 

The Discharger shall identify storm water monitoring locations at a point prior to 
or at the point of discharge for all “Industrial High Risk Areas” and “Industrial Low 
Risk Areas), as identified in Attachment M of this Order.  The Discharger shall 
establish monitoring locations as described in section II.B of the MRP.  

-- 

Municipal 
Storm Water  

See 
Attachment M 

The Discharger shall identify storm water monitoring locations at a point prior to 
or at the point of discharge for Small MS4 Areas, as identified in Attachment M of 
this Order.  The Discharger shall establish monitoring locations as described in 
section II.B of the MRP.  

 
B. Industrial Storm Water Monitoring Location Report  

1. The Discharger shall prepare and submit, no later than November 30, 2014, an Industrial 
Storm Water Monitoring Location Plan to identify representative monitoring locations for 
industrial storm water discharges from Industrial High Risk Areas, and Industrial Low Risk 
Areas.  The Plan shall contain the following information: 

a. The criteria and methods used to identify the representative monitoring locations. 

b. A map of monitoring locations for each Industrial High Risk Area and Industrial Low Risk 
Area storm water discharge point.  Where a single drainage area, or similar drainage 
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areas to the same receiving water, discharge to multiple discharge points, the 
Discharger may propose a single monitoring location for that drainage area (or similar 
drainage areas), provided the Discharger submits supporting rationale demonstrating 
that a single monitoring location is representative for that drainage area (or similar 
drainage areas) (i.e., similar industrial activities and best management practices 
(BMPs)). 

c. A tabulation of the proposed representative monitoring locations for industrial storm 
water discharges from Industrial High Risk Areas and Industrial Low Risk Areas.  The 
tabulation shall include the discharge points, the representative monitoring locations for 
each discharge point, a brief description of the representative monitoring location 
(including the drainage area for storm water discharges only), and the latitude and 
longitude for each representative monitoring location. 

2. In the annual storm water monitoring report for industrial storm water discharges, the 
Discharger shall submit a summary of any proposed changes to the representative 
monitoring locations, a rationale for each change in monitoring location, and a certification 
that all monitoring locations are representative of their respective discharge locations. 

3. The Discharger shall implement the Industrial Storm Water Monitoring Location Report 
unless otherwise directed in writing by the San Diego Water Board.  The Discharger shall 
comply with any conditions set by the San Diego Water Board including modification of 
proposed monitoring locations. 

 

III. INFLUENT MONITORING REQUIREMENTS – NOT APPLICABLE 

 

IV. INDUSTRIAL PROCESS WASTEWATER AND EFFLUENT MONITORING REQUIREMENTS 

A. Topside Chlorinator Monitoring Location CS-001 through CS-003 

Beginning on January 1, 2015, the Discharger shall monitor portable topside chlorinator 
discharges when the chlorinators are operating at Monitoring Locations CS-001 through CS-003 
as specified below to answer the following primary questions: 

1. Does the effluent meet permit effluent limits thereby ensuring that water quality standards 
are achieved in the receiving water? 
 

2. What is the mass of the constituents that are discharged annually? 

3. Is the effluent concentration or mass changing over time? 

If more than one analytical test method is listed for a given parameter, the Discharger must 
select from the listed methods and corresponding ML: 
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Table E-2.  Effluent Monitoring for Portable Topside Chlorinator Units 
Parameter Units Sample 

Type 
Minimum Sampling 

Frequency 
Required Analytical 

Test Method  

Flow1 GPD Grab or 
Estimate Quarterly Estimate 

Conventional Pollutants 

pH standard 
units Grab Quarterly 2, 5 

Non-Conventional Pollutants 
Chlorine, Total Residual3 mg/L Grab Quarterly6 2, 4 

1 Flow measurement refers to the flow from the cooling water system while chlorination is occurring.  
2 As specified in 40 CFR 136. 
3 Total Residual Chlorine shall be measured at a point after dechlorination and before discharge to San Diego Bay. 
4 The Navy may use the analytical test method for chlorine sampling of Chlorine, Total Residual - Titrimetric, DPD-FAS, method number 

330.4 described in EPA/600/4-79/020, Methods for Chemical Analysis for Water and Wastes.  For ship onboard monitoring of Total 
Residual Chlorine, the CHEMetrics, Inc. K-2500 Total Chlorine Test Kit, DPD method, or equivalent may be used for this purpose. 

5 Field test with pre and post calibrated portable instrument, or lab sample in accordance with 40 CFR 136. 
6 If samples are collected more frequently, all data shall be submitted with the quarterly report. 
 

 
 

B. Pier Washing Monitoring Location PW-001 and PW-002 

The Discharger shall submit a log of pier washing wastewater discharges at Monitoring 
Locations PW-001 and PW-002 annually.  The log shall include the date, location, duration, 
approximate discharge volume, water source, visual assessment of discharge and receiving 
water quality, and any other relevant comments.  The log is designed to address the following 
primary questions: 

 How much pier washing occurs? 1.

 Is pier washing a major source of pollutants? 2.

C. Marine Mammal Pool Monitoring Locations MP-001, MP-002, and MP-003  

 The Discharger shall submit a log of marine mammal pool discharges at Monitoring Location 1.
Nos. MP-001, MP-002, and MP-003 annually.  The log shall include the date of discharge, 
location, approximate discharge quantity, number and type of mammals, and any other 
relevant comments. Any significant changes in the operation of the Marine Mammal Pools 
and potential impacts to receiving water quality shall also be noted in the log. The log is 
designed to address the following primary questions: 

a. How much are the marine mammal pools used? 

b. Are the marine mammal pools a major source of pollutants? 

D. Returned Unused Bay Water Discharge Monitoring Location UBW-001 

The Discharger shall monitor Returned Unused Bay Water discharges at Monitoring Location 
UBW-001 as specified below to address the following primary question: 

 Is operation changing over time? 1.
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Annually, the discharger shall submit a log identifying any significant changes in the operation of 
the Unused Bay Water and potential impacts to receiving water quality. 

Table E-3.  Effluent Monitoring for Returned Unused Bay Water Discharges 
Parameter Units Sample Type Minimum Sampling 

Frequency 
Required Analytical Test 

Method  
Flow GPD Grab or Estimate Quarterly Estimate 
 
 

E. Abalone Tank Monitoring Location ABL-001 

The Discharger shall monitor the abalone tank discharges at Monitoring Location ABL-001 as 
specified below to address the following primary questions: 

 Is the volume changing over time? 1.

Annually, the discharger shall submit a log identifying any significant changes in the operation of 
the abalone tank discharge and potential impacts to receiving water quality. 

 
Table E-4.  Effluent Monitoring for Abalone Tank  

Parameter Units Sample Type Minimum Sampling 
Frequency 

Required Analytical 
Test Method 

Flowrate GPD Grab or Estimate Quarterly Estimate 
 
 

F. Pier Boom Monitoring Location BW-001 

The Discharger shall submit a log of pier boom cleaning discharges at Monitoring Point BW-001 
annually.  The log shall include the date, location, duration, approximate discharge quantity, 
visual observations of discharge and receiving water quality, and any other relevant comments. 
The log is designed to address the following primary questions: 

 How often are the pier booms cleaned? 1.

 Is the discharge a major source of pollutants? 2.

G. Marine Mammal Enclosure Monitoring Locations ME-001 through ME-003 

The Discharger shall monitor the marine mammal enclosure discharges at Monitoring Location 
ME-001 through ME-003 as specified below to address the following primary questions: 

1. Is the discharge changing over time? 

Annually, the discharger shall submit a log identifying any significant changes in the operation of 
the marine mammal enclosure discharge and potential impacts to receiving water quality. 

H. Small Boat Rinsing Monitoring Locations BR-001 and BR-002 

The Discharger shall monitor the small boat rinsing discharges at Monitoring Location BR-001 
through BR-002 as specified below to address the following primary questions: 

1. Is the discharge changing over time? 
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Annually, the discharger shall submit a log identifying any significant changes in the operation of 
the small boat rinsing discharge and potential impacts to receiving water quality. 

 
I. Utility Vault and Manhole Monitoring Locations UV-001 through UV-018 

 Section B.1 of MRP No. R9-2002-0002, Utility Vault and Manhole Dewatering, is 1.
incorporated by this reference as if set forth herein.  The Discharger shall continue 
monitoring in accordance with section B.1 of MRP No. R9-2002-0002 until December 31, 
2014, with the annual report due March 1, 2015. 

 Beginning on January 1, 2015, the Discharger shall monitor utility vault and manhole 2.
dewatering discharges at Monitoring Locations UV-001 through UV-018 at a minimum of 
three representative monitoring locations, including at least one electrical vault discharge 
and one manhole discharge as shown in Table E-5 below to address the following primary 
questions: 

 What is the mass of constituents that are discharged annually? a.

 Is the effluent concentration or mass changing over time? b.

The electrical vault representative shall be chosen from Monitoring Location Nos. UV-001 
through UV-018 and shall change each year.  The manhole discharge and steam vault 
discharge monitoring location shall be chosen at random and may be different each year. 

Table E-5.  Effluent Monitoring Utility Vault and Manhole Dewatering for Discharges 
Parameter Units Sample Type Minimum Sampling 

Frequency 
Required Analytical Test 

Method  

Flow GPD Grab or 
Estimate Annually Estimate 

Oil and Grease mg/L Grab Annually 3 

pH standard 
units Grab Annually 1 

Total Suspended Solids mg/L Grab Annually 1 

Total Petroleum 
Hydrocarbons mg/L Grab Annually 1 

1 As specified in 40 CFR 136. 
2 TPH as gasoline (TPH-g) – Report Benzene, Ethylbenzene, Toluene, and Xylene. Also analyze for TPH Diesel (TPH-d). 
3 Field test with pre and post calibrated portable instrument, or lab sample in accordance with 40 CFR 136. 
 
 

 Annually, by September 1, the Discharger shall submit a log of the utility vault and manhole 3.
dewatering discharges. For vaults with automatic sump pumps, the log shall include the total 
volume of each discharge point for each calendar quarter. For vaults or manholes that are 
dewatered manually, the log shall describe the volume, flow rate, location of the discharge, 
date, and receiving water body. The log is designed to address the following primary 
questions: 

 How often does the discharge occur? a.

 Is the discharge a major source of pollutants? b.
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V. WHOLE EFFLUENT TOXICITY (WET) TESTING REQUIREMENTS 

 
A. The WET testing is designed to address the following primary questions: 

 Does the effluent meet permit effluent limits for toxicity thereby ensuring that water quality 1.
standards are achieved in the receiving water? 

 If not: 2.

 Are unmeasured pollutants causing risk to aquatic life? a.

 Are pollutants in combinations causing risk to aquatic life? b.

 Does the storm water runoff meet objectives for toxicity in the receiving water? 3.

 Are conditions in receiving water getting better or worse with regard to toxicity? 4.

 What is the relative storm water runoff contribution to the receiving water toxicity? 5.

 What are the causes of the toxicity and the sources of the constituents responsible? 6.

 
B. Acute Toxicity 

 Monitoring Frequency for Industrial High Risk Storm Water Discharges 1.

The Discharger shall conduct acute toxicity monitoring at the frequencies specified in Table 
E-8 and section VII.A.4. of this MRP. For storm water sampling, sampling shall occur during 
storm events or if storm water is collected, prior to the release of storm water to the 
receiving water.   

 
 Marine and Estuarine Species and Test Methods 2.

The Discharger shall conduct a species sensitivity screening for acute toxicity on a 
representative sample which shall include one vertebrate and one invertebrate during the 
first required monitoring period.  The species sensitivity screening samples shall also be 
analyzed for the parameters required for the discharge.  The test species that exhibits the 
highest percent effect at the in-stream waste concentration (IWC) during a species 
sensitivity screening (i.e. the most sensitive species) shall be utilized for routine monitoring 
during the permit cycle.  Routine toxicity test design shall, at a minimum, include a single-
concentration analysis of the IWC compared to a control.  
 
The Discharger shall follow the methods for acute toxicity tests as established in 40 CFR 
136.3 using a single-concentration test design for routine monitoring, or a five-concentration 
test design for accelerated monitoring. The USEPA method manuals referenced therein 
include Methods for Measuring the Acute Toxicity of Effluents and Receiving Waters to 
Freshwater and Marine Organisms, Fifth Edition (EPA-821-R-02-012). 

 
All toxicity tests shall be conducted as soon as possible following sample collection.  The 
36-hour sample holding time for test initiation shall be targeted.  However, no more than 72 
hours shall elapse before the conclusion of sample collection and test initiation.  
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 Compliance Determination 3.

The acute toxicity Maximum Daily Effluent Limitation (MDEL) is exceeded and a violation 
will be flagged when a toxicity test during routine monitoring results in a “fail” in 
accordance with the Test of Significant Toxicity (TST) approach and the percent effect is 
greater than or equal to 0.40. 

 
The determination of “pass” or “fail” from a single effluent concentration acute toxicity 
test at the IWC of 100 percent effluent shall be determined using the TST approach 
described in the National Pollutant Discharge Elimination System Test of Significant 
Toxicity Implementation Document (EPA 833-R-10-003, 2010). 

 
The Discharger shall report the results of a reasonable potential analysis (RPA), species 
sensitivity screenings, and routine toxicity tests to the San Diego Water Board as either 
a “pass” or a “fail” at the IWC, in accordance with the TST approach and provide the 
calculated percent effect at the IWC.  The methodology for determining “pass”, “fail” and 
“percent effect” is provided below. 

 
Pass 

 
An acute toxicity test result that rejects the null hypothesis (Ho) below is reported as 
“pass” in accordance with the TST approach: 

 
Ho: Mean response (100 percent effluent) ≤ 0.80 × Control mean response 

 
Fail 

 
An acute toxicity test result that does not reject the null hypothesis (Ho) above is 
reported as “fail” in accordance with the TST approach. 

 
Percent Effect 
 
The percent effect at the IWC is calculated for each acute toxicity test result using the 
following equation: 

 
  % Effect at IWC  =  Mean Control Response - Mean IWC Response  * 100 
         Mean Control Response  
 

 
 Acute Toxicity MDEL Exceedance Follow-up Action 4.

If an acute toxicity test result during routine monitoring exceeds the acute toxicity MDEL, the 
Discharger shall implement corrective action to abate the source of the toxicity within 24 
hours from the time the Discharger becomes aware of an MDEL exceedance, if the source 
of toxicity is known (e.g. operational upset).  The Discharger shall also conduct an additional 
acute toxicity test within the same calendar month that the exceedance occurred or, the next 
qualifying storm event after receiving results of an exceedance for storm water discharges. 
 

 Industrial Storm Water from High Risk Areas   5.

If the additional test result for industrial storm water from high risk areas results in a “pass”, 
the Discharger may return to routine monitoring for the following monitoring period.  If the 
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verification test results in a “fail” at a percent effect greater than or equal to 0.20, the 
Discharger shall implement an approved Toxicity Reduction Evaluation (TRE) Work Plan as 
set forth below in section V.F of this MRP.  The requirement for a TRE may be waived by 
the San Diego Water Board on a case-by-case basis if implementation of a previously 
approved TRE Work Plan is already underway for the sampled discharge point.   
 

C. Chronic Toxicity 

 Monitoring Frequency for Chronic Toxicity 1.

The Discharger shall conduct chronic toxicity monitoring at the frequencies specified in 
Table E-6 and E-8. 

 Marine and Estuarine Species and Test Methods 2.

The Discharger shall conduct a species sensitivity screening for chronic toxicity on a 
representative sample which shall include one vertebrate, one invertebrate and one aquatic 
plant during the first required monitoring period.  The species sensitivity screening samples 
shall also be analyzed for the parameters required for the discharge.    The test species that 
exhibits the highest percent effect at the IWC during a species sensitivity screening (i.e. the 
most sensitive species) shall be utilized for routine monitoring during the permit cycle. 
Routine toxicity test design shall, at a minimum, include a single-concentration analysis of 
the IWC compared to a control.  

The Discharger shall follow the methods for chronic toxicity tests as established in 40 CFR 
136.3 using a single-concentration test design for routine monitoring, or a five-concentration 
test design for accelerated monitoring. The USEPA method manuals referenced therein 
include Short-term Methods for Estimating the Chronic Toxicity of Effluents and Receiving 
Waters to Freshwater Organisms, Fourth Edition (EPA-821-R-02-013), and Short-term 
Methods for Estimating the Chronic Toxicity of Effluents and Receiving Waters to Marine 
and Estuarine Organisms, Third Edition (EPA-821-R-02-014). Additional methods for chronic 
toxicity monitoring are outlined in Short-term Methods for Estimating the Chronic Toxicity of 
Effluents and Receiving Waters to West Coast Marine and Estuarine Organisms, First 
Edition (EPA-600-R-95-136). 

For discharges to marine and estuarine waters, the Discharger shall conduct a static 
renewal toxicity test with the topsmelt, Atherinops affinis (Larval Survival and Growth Test 
Method 1006.01); a static non-renewal toxicity test with the giant kelp, Macrocystis pyrifera 
(Germination and Growth Test Method 1009.0); and a static non-renewal toxicity test with 
the purple sea urchin, Strongylocentrotus purpuratus, or the sand dollar, Dendraster 
excentricus (Fertilization Test Method 1008.0).  For discharges to a fresh water surface 
water, the Discharger shall conduct a static renewal toxicity test with one vertebrate, one 
aquatic plant, and one invertebrate species. 

If laboratory-held cultures of the topsmelt, Atherinops affinis, are not available for testing, 
then the Discharger shall conduct a static renewal toxicity test with the inland silverside, 
Menidia beryllina (Larval Survival and Growth Test Method 1006.01), found in the third 
edition of Short-term Methods for Estimating the Chronic Toxicity of Effluents and Receiving 
Waters to Marine and Estuarine Organisms (EPA/821/R-02/014, 2002; Table IA, 40 CFR 
Part 136).  Additional species may be used by the Discharger if approved by the San Diego 
Water Board. 
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All toxicity tests shall be conducted as soon as possible following sample collection.  The 
36-hour sample holding time for test initiation shall be targeted.  However, no more than 72 
hours shall elapse before the conclusion of sample collection and test initiation. 

 Compliance Determination 3.

The MDEL for chronic toxicity is exceeded and a violation will be flagged when a toxicity test 
during routine monitoring results in a “fail” in accordance with the TST approach and the 
percent effect is greater than or equal to 0.50. 
 
The Median Monthly Effluent Limitation (MMEL) for chronic toxicity is exceeded and a 
violation will be flagged when the median results of three independent toxicity tests, 
conducted within the same calendar month, and analyzed using the TST, (i.e. 2 out of 3) is a 
“fail.” 
 
The determination of “Pass” or “Fail” from a single effluent concentration chronic toxicity test 
at the IWC of 100 percent effluent shall be determined using the TST approach described in 
the National Pollutant Discharge Elimination System Test of Significant Toxicity 
Implementation Document (EPA 833-R-10-003, 2010). 
 
The Discharger shall report the results of reasonable potential analyses, species sensitivity 
screenings, and routine toxicity tests to the San Diego Water Board as either a “pass” or a 
“fail” at the IWC, in accordance with the TST approach and provide the calculated percent 
effect at the IWC.  The methodology for determining “pass”, “fail” and “percent effect” is 
provided below. 
 
Pass 
 
A chronic toxicity test result that rejects the null hypothesis (Ho) below is reported as “pass” 
in accordance with the TST approach: 
 
Ho: Mean response (100 percent effluent) ≤ 0.75 × Control mean response 
 
Fail 
 
A chronic toxicity test result that does not reject the null hypothesis (Ho) above is reported 
as “fail” in accordance with the TST approach. 
 
Percent Effect 
 
The percent effect at the IWC is calculated for each chronic toxicity test result using the 
following equation: 
 
 % Effect at IWC  =  Mean Control Response - Mean IWC Response  * 100 
         Mean Control Response  
 

 Chronic Toxicity MDEL Exceedance Follow-up Action 4.

A chronic toxicity test result during routine monitoring indicating a “fail” with a percent effect 
at or above 0.50 is an exceedance of the chronic toxicity MDEL.  The Discharger shall 
implement corrective action to abate the source of the toxicity within 24 hours from the time 
the Discharger becomes aware of an MDEL exceedance, if the source of toxicity is known 
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(e.g. operational upset).  The Discharger shall also conduct an additional toxicity test within 
the same calendar month that the exceedance occurred or, in the event laboratory 
monitoring results are not received during the same month when the sampling was 
performed, the next discharge event after receiving results of an exceedance. 
 

 Industrial Process Wastewater   5.

If the additional test result for industrial process wastewater results in a “pass”, the 
Discharger may return to routine monitoring for the following monitoring period.  If the 
verification test results in a “fail” at a percent effect greater than or equal to 0.25, the 
Discharger shall implement an accelerated monitoring schedule for chronic toxicity as set 
forth below in section V.E of this MRP. 
 

 High Risk Industrial Storm Water 6.

The chronic toxicity test results shall be used in the Discharger’s study on chronic toxicity 
described in section VI.C.2.a of this Order.  If both the chronic toxicity test results at the end 
of pipe for high risk industrial storm water and the concurrent receiving water chronic toxicity 
test result in a “fail”, the discharger shall conduct a TRE as required in section V.F of this 
MRP.  The requirement for a TRE may be waived by the San Diego Water Board on a case-
by-case basis if implementation of a previously approved TRE Work Plan is already 
underway for the sampled discharge point. 

 
D. Quality Assurance  

1. Quality assurance measures, instructions, and other recommendations and requirements 
are found in the test methods manual previously referenced.  Additional requirements are 
specified below. 

a. This discharge is subject to a determination of “pass” or “fail” from a single-effluent 
concentration toxicity test at the IWC (for statistical flowchart and procedures, see 
National Pollutant Discharge Elimination System Test of Significant Toxicity 
Implementation Document, Appendix A, Figure A-1).  The chronic IWC for applicable 
discharges is 100 percent effluent. 

b. Effluent dilution water and control water should be prepared and used as specified in the 
test methods manual Methods for Measuring the Acute Toxicity of Effluents and 
Receiving Waters to Freshwater and Marine Organisms (EPA/821/R-02/012, 2002); or, 
for Atherinops affinis, Short-term Methods for Estimating the Chronic Toxicity of Effluents 
and Receiving Waters to West Coast Marine and Estuarine Organisms (EPA/600/R-
95/136, 1995).  If the dilution water is different from test organism culture water, then a 
second control using culture water shall also be used.   

c. If organisms are not cultured in-house, then concurrent testing with a reference toxicant 
shall be conducted.  If organisms are cultured in-house, then monthly reference toxicant 
testing is sufficient.  Reference toxicant tests and effluent toxicity tests shall be 
conducted using the same test conditions (e.g., same test duration, etc.). 

d. All multi-concentration reference toxicant test results must be reviewed and reported 
according to USEPA guidance on the evaluation of concentration-response relationships 
found in Method Guidance and Recommendations for Whole Effluent Toxicity (WET) 
Testing (40 CFR 136) (EPA 821-B-00-004, 2000). 
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e. If either the reference toxicant or effluent toxicity tests do not meet all test acceptability 
criteria in the test methods manual, then the Discharger shall resample and retest within 
14 days (or as soon as possible for storm water). 

E. Accelerated Chronic Toxicity Testing Monitoring Schedule 

The Discharger shall implement an accelerated chronic toxicity monitoring schedule, as 
required by section V.C.5 of this MRP for industrial process wastewater discharges, 
consisting of four, five-concentration chronic toxicity tests, conducted at approximately two-
week intervals, over an eight-week period. All toxicity tests conducted during an accelerated 
monitoring schedule shall, at a minimum, include the IWC and four additional 
concentrations. The additional effluent concentrations should provide useful information 
regarding the intensity and persistence of the toxic effect(s).  If all of the additional tests 
result in a “pass”, the Discharger may return to routine monitoring for the following 
monitoring period.  If any one of the additional tests result in a “fail” and exhibit a percent 
effect equal to or greater than 0.25, the Discharger shall implement an approved TRE Work 
Plan as set forth below in section V.F of this MRP.  The requirement for a TRE may be 
waived by the San Diego Water Board on a case-by-case basis if implementation of a 
previously approved TRE Work Plan is already underway for the sampled discharge point  
 

F. Toxicity Reduction Evaluation (TRE) 

1. TRE Work Plan Submittal.  The Discharger shall prepare and submit a TRE Work Plan to 
the San Diego Water Board no later than 30 days from the time the Discharger becomes 
aware of the following: 

 
 A TRE work plan is required by section V.E of this MRP for an industrial process a.

wastewater discharge which had a chronic toxicity test result during accelerated 
monitoring that resulted in a “fail” and exhibited a percent effect greater than or equal to 
0.25; or 

 A TRE work plan is required by section V.B.5 of this MRP for a high risk industrial storm b.
water discharge which had an additional acute toxicity test conducted following an MDEL 
exceedance that results in a “fail” and exhibits a percent effect greater than or equal to 
0.20; or 

 A TRE work plan is required by section V.C.6 of this MRP for a high risk industrial storm c.
water discharge which had a chronic toxicity test and a concurrent receiving water 
sample test both result in a “fail” and exhibit a percent effect greater than or equal to 
0.25. 

2. TRE Work Plan. The TRE Work Plan shall be in conformance with the USEPA manual 
“Generalized Methodology for Conducting Industrial Toxicity Reduction Evaluations 
(EPA/600/2-88/070, 1989).”   The TRE Work Plan shall also include the following 
information: 
 

 A description of the actions to be undertaken by the Discharger to investigate, identify, a.
and correct the causes of toxicity;  

 If the MDEL noncompliance has not been corrected, the amount of time it is expected to b.
continue;   
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 A description of the steps taken or planned to reduce, eliminate and prevent recurrence c.
of the MDEL noncompliance; and  

 A schedule for completion of all activities and submission of a final report.  d.

3. TRE Work Plan Implementation. The Discharger shall implement the TRE Work Plan 
unless otherwise directed in writing by the San Diego Water Board. The Discharger shall 
comply with any additional conditions set by the San Diego Water Board.   
 

4. TRE Progress Reports.   The Discharger shall prepare and provide written semiannual 
progress reports which: (1) describe the actions that have been taken toward achieving 
compliance with the acute or chronic toxicity MDEL for the previous six months; (2) describe 
all activities including, data collection and other field activities which are scheduled for the 
next year and provide other information relating to the progress of work; (3) identify any 
modifications to the compliance plans that the Discharger proposed to the San Diego Water 
Board or that have been approved by San Diego Water Board during the previous six 
months; and (4) include information regarding all delays encountered or anticipated that may 
affect the future schedule for completion of the actions required to attain compliance with the 
MDEL, and a description of all efforts made to mitigate those delays or anticipated delays.  
These progress reports shall be submitted to the San Diego Water Board semiannually by 
February 1 and August 1 each year following the adoption of this Order in accordance with 
the reporting schedule in Table E-11. Submission of these progress reports shall continue 
until compliance with the MDEL is achieved.   
 

5. Toxicity Identification Evaluation (TIE).  Based upon the magnitude and persistence of 
the acute and chronic toxicity, the Discharger may initiate a TIE as part of a TRE to identify 
the causes of toxicity using the same species and test method and, as guidance, EPA 
manuals: Methods for Aquatic Toxicity Identification Evaluations: Phase I Toxicity 
Characterization Procedures (EPA/600/6-91/003, 1991); Methods for Aquatic Toxicity 
Identification Evaluations, Phase II Toxicity Identification Procedures for Samples Exhibiting 
Acute and Chronic Toxicity (EPA/600/R-92/080, 1993); Methods for Aquatic Toxicity 
Identification Evaluations, Phase III Toxicity Confirmation Procedures for Samples Exhibiting 
Acute and Chronic Toxicity (EPA/600/R-92/081, 1993); and Marine Toxicity Identification 
Evaluation (TIE): Phase I Guidance Document (EPA/600/R-96-054, 1996).  If a TIE is 
undertaken, the Discharger shall prepare and submit a work plan to the San Diego Water 
Board containing the following elements and comply with any conditions set by the Board:  
 

 Criteria for initiating a TIE on a sample; a.

 Roles and responsibilities of the team conducting the TIE; b.

 Study design, sample treatments, and chemical analysis; c.

 Data evaluation and communication; d.

 Follow-up actions; and e.

 A schedule for completion of all activities and submission of a final report.  f.
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G. Violations 

An exceedance of the MDEL or MMEL during routine monitoring is a violation.  Any 
exceedances occurring during a required accelerated monitoring period and, if appropriate, a 
TRE period shall not constitute additional violations provided that (1) the Discharger proceeds 
with the accelerated monitoring and TRE (if required) in a timely manner; and (2) the 
accelerated monitoring and TRE are completed within one year of the initial exceedance. The 
San Diego Water Board has the discretion to impose additional violations and initiate an 
enforcement action for toxicity tests that result in a “fail” after one year from the initial violation. 
Additionally, a discharger’s failure to initiate an accelerated monitoring schedule or conduct a 
TRE, as required by this Order, will result in all exceedances being considered violations of the 
MDEL or MMEL and may result in the initiation of an enforcement action. 

H. Reporting of Toxicity Monitoring Results 

1. The Discharger shall submit a full laboratory report for all toxicity testing as an attachment to 
the monitoring report.  The laboratory report shall contain the toxicity test results; the dates 
of sample collection and initiation of each toxicity test; and all results for effluent parameters 
monitored concurrently with the toxicity test(s). 
 

2. The Discharger shall provide the actual test endpoint responses for the control (i.e., the 
control mean) and the IWC (i.e., the IWC mean) for each toxicity test to facilitate the review 
of test results and determination of reasonable potential for toxicity by the permitting 
authority. 

 
3. The Discharger shall notify the San Diego Water Board in writing within 14 days of receipt of 

any test result with an exceedance of the toxicity limit.  This notification shall describe 
actions the Discharger has taken or will take to investigate, identify, and correct the causes 
of toxicity; the status of actions required by this permit; and schedule for actions not yet 
completed; or reason(s) that no action has been taken. 

 
 

VI. RECEIVING WATER AND SEDIMENT MONITORING REQUIREMENTS  

A. Monitoring Questions:  The receiving water and sediment monitoring shall be designed and 
conducted to address the following primary questions : 

 Does the discharge cause or contribute to violations of the Receiving Water Limitations in 1.
section V. of this Order. 

 Does the receiving water meet the water quality standards?  2.

 Are the receiving water conditions getting better or worse over time? 3.

 What is the relative contribution of the discharge to pollution in the receiving water? 4.

 Is natural light significantly reduced as the result of the discharge of waste? 5.

 Does the discharge of waste cause a discoloration of the receiving waters? 6.

 Does the discharge of oxygen demanding waste cause the dissolved oxygen concentration 7.
to be depressed at any time more than allowed by the water quality objective? 
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 Does the discharge of waste cause the pH to change at any time more than 0.2 units from 8.
that which occurs naturally? 

 Does the discharge of waste cause the salinity to become elevated in the receiving water? 9.

 Do nutrients cause objectionable aquatic growth or degrade indigenous biota? 10.

 Is the dissolved sulfide concentration of waters in marine sediments significantly increased 11.
above that present under natural conditions? 

 Is the concentration of substances at levels which would degrade the benthic community? 12.

 Is the concentration of organic pollutants, set forth in Attachment 1 of the State Water 13.
Board’s Sediment Quality Control Plan, at levels in marine sediments that would degrade 
the benthic community? 

 Are benthic communities degraded as a result of the discharge? 14.

 Is the sediment condition changing over time? 15.

 Are the marine mammal enclosures and pools causing bacteria water quality objectives to 16.
be exceeded? 

B. Monitoring Responsibility.  Receiving water and sediment monitoring shall be performed 
individually by the Discharger to assess compliance with receiving water limits or through the 
Discharger’s participation in a regional or water body monitoring coalition or both as determined 
by the San Diego Water Board.  The receiving water monitoring requirements in MRP No. R9-
2002-0002 shall continue to be implemented until the receiving and sediment monitoring 
program in this Order below is implemented. 

C. Monitoring Coalition Reopener. To achieve maximum efficiency and economy of resources, 
the Discharger may establish or join a San Diego Bay water body monitoring coalition.  If a San 
Diego Bay monitoring coalition is formed, revised monitoring requirements will be established to 
ensure that appropriate monitoring is conducted in a timely manner.   

D. Water and Sediment Monitoring Plan. The Discharger shall prepare and submit a Water and 
Sediment Monitoring Plan to assess compliance with Receiving Water Limitations of this Order.  
The Water and Sediment Monitoring Plan shall be designed to answer the questions listed in 
section VI.A. above and submitted within 12 months of the effective date of this Order.  The 
Water and Sediment Monitoring Plan shall contain the following elements: 

 Quality Assurance Project Plan (QAPP).  A QAPP describing the project objectives and 1.
organization, functional activities, and quality assurance/quality control (QA/QC) protocols 
for the water and sediment monitoring. 

 Sampling and Analysis Plan.  A Sampling and Analysis Plan based on methods or metrics 2.
described in 40 CFR 136, Guidelines Establishing Test Procedures for the Analysis of 
Pollutants Under the Clean Water Act and the SWRCB Sediment Quality Plan.  The plan 
shall include a list of chemical analytes for the water column and sediment as well as 
frequency and monitoring locations. 

i. Water Column Sampling 
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a) Frequency: The Sampling and Analysis Plan must propose the frequency and 
timing for water column sampling.  The minimum frequency of sampling is shown 
in table E-6 below.  The proposed sampling must be based upon results on the 
fate and transport of pollutants from the conceptual model (see c, below). 

b) Pollutants: The Sampling and Analysis Plan must propose what pollutants will be 
monitored.  At a minimum, monitoring must include the pollutants and frequency 
in Table E-6 below: 

 Table E-6. Minimum Receiving Water Monitoring Requirements 
Parameter Units Sample 

Type 
Minimum Sampling 

Frequency 
Required Analytical 

Test Method 
Priority Pollutants 
Copper, Total Recoverable µg/L Grab Annually 1,2 

Mercury, Total Recoverable µg/L Grab Annually 1 

Nickel, Total Recoverable µg/L Grab Annually 1 

Zinc, Total Recoverable µg/L Grab Annually 1 

Other Pollutants Identified by 
the Discharger µg/L Grab Annually 1 

Non-Conventional Pollutants 
Temperature °F Grab Semiannually 1 

Chronic Toxicity Pass/Fail Grab Semiannually 3 

Fecal Coliform4 MPN/100 mL Grab Semiannually 1 

Total Coliform4 MPN/100 mL Grab Semiannually 1 

Enterococcus4 MPN/100 mL Grab Semiannually 1  

1 As specified in 40 CFR 136. 
2 Effluent samples shall be analyzed for copper according to method 1638 or 1640. The commonly used methods 6010B (Inorganics by 

ICP-Atomic Emission Spectroscopy) and 200.7 (Trace Elements-ICP) have been found to give inaccurate copper readings in saline-
matrix samples due to interference with the sodium-argon complex, which has a molecular weight similar to copper.  Method 1638 
(ICP/MS) or 1640 (On-Line Chelation) will eliminate the sodium-argon complex before the sample is tested for copper.  No inaccurate 
readings for other metals in a saline-matrix sample is analyzed by methods 6010B or 200.7 are known. 

3 The Discharger shall monitor chronic toxicity twice per year concurrently with the end of pipe high risk industrial storm water discharge 
monitoring required in Table E-8 of this MRP during one storm event per semiannual period.  The receiving water chronic toxicity 
sample shall be collected in the receiving water adjacent to the storm drain outfall sampled in Table E-8 during the storm event. The 
data for this chronic toxicity sampling shall be reported annually in the Annual Storm Water Report. 

4 The bacterial monitoring shall be focused on the marine mammal enclosure areas and marine mammal pool discharges and can be 
independent of the other receiving water monitoring.  The bacterial monitoring program shall be designed to answer the question: “Are 
the marine mammal enclosures and pools causing bacteria water quality objectives to be exceeded?” 

 
 

ii. Sediment Sampling 

a) Frequency. Sediment chemistry, toxicity and benthic organism monitoring shall 
be done at least twice during the term of this Order 

b) Sediment Chemistry, Toxicity, and Benthic Community Condition. Sediment 
chemistry, toxicity and benthic community monitoring shall be done in 
accordance with, at a minimum, the requirements set forth in the State Water 
Board’s Water Quality Control Plan for Enclosed Bays and Estuaries – Part 1 
Sediment Quality (Sediment Quality Control Plan).  The proposal must also 
include the following: 

1) Sediment Chemistry. Bulk sediment chemical analysis shall include at a 
minimum the pollutants identified in Attachment A of the State Water Board’s 
Sediment Quality Control Plan and listed in Attachment K of this Order. 
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2) Sediment Toxicity.  A 10-Day amphipod survival test shall be performed 
using a species tolerant of the sample salinity and grain size characteristics 
(e.g., Hyalella azteca or Eohaustorius estuaries) as specified in the State 
Water Board’s Sediment Quality Control Plan.  The results shall be recorded 
as “percent of control survival”. 

3) Benthic Community - Subtidal Habitat.  For discharges to unvegetated 
subtidal habitat, the benthic community shall be evaluated using the line of 
evidence approach in section V.G of the State Water Board Sediment Quality 
Control Plan.  For discharges to vegetated subtidal (Zostera marina), the 
proposed benthic community monitoring must be conducted in accordance 
with section V.J of the State Water Board’s Sediment Quality Control Plan 
and utilize a reference site approach to assess the benthic invertebrate 
community and impacts to Zostera marina as a line of evidence.  Assessment 
of Zostera marina must be done in accordance with the Southern California 
Eelgrass Mitigation Policy.  

iii. Conceptual Model.  A Conceptual Model identifying the physical and chemical 
factors that control the fate and transport of pollutants and receptors that could be 
exposed to pollutants in the water and sediment shall be developed and included in 
the Water and Sediment Monitoring Plan.  The Conceptual Model will serve as the 
basis for assessing the appropriateness of the Water and Sediment Monitoring Plan 
design.  The Conceptual Model shall consider: 

a. Points of discharge into the segment of the water body or region of interest; 
b. Tidal flow and/or direction of predominant currents; 
c. Historic or legacy conditions in the vicinity; 
d. Nearby land and marine uses or actions; 
e. Beneficial Uses; 
f. Potential receptors of concern; 
g. Change in grain size salinity water depth and organic matter; and 
h. Other sources or discharges in the immediate vicinity. 
 

iv. Spatial Representation.  The Water and Sediment Monitoring Plan shall be 
designed to ensure that the sample stations are spatially representative of the water 
and sediment within the water body segment or region of interest. 

v. Existing Data and Information.  The Water and Sediment Monitoring Plan design 
shall take into consideration existing data and information of appropriate quality 
including ongoing monitoring programs conducted by other entities. 

vi. Strata.  Identification of appropriate strata shall consider characteristics of the water 
body including sediment transport, hydrodynamics, depth, salinity, land uses, inputs 
(both natural and anthropogenic) and other factors that could affect the physical, 
chemical, or biological condition of the sediment. 

vii. Index Period.  All sediment stations shall be sampled between the months of June 
through September to correspond with the benthic community index period.  

viii. Report Completion Schedule.  The Water and Sediment Monitoring Plan shall 
include a schedule for completion of all sample collection and analysis activities and 
submission of the Water and Sediment Monitoring Report described below.   
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E. Water and Sediment Monitoring Plan Implementation. The Discharger shall implement the 
Water and Sediment Monitoring Plan in accordance with the schedule contained in the Water 
and Sediment Monitoring Plan unless otherwise directed in writing by the San Diego Water 
Board.  Before beginning sample collection activities, the Discharger or water body monitoring 
coalition shall comply with any conditions set by the San Diego Water Board with respect to 
sample collection methods such as providing split samples. 

F. Water and Sediment Monitoring Report.  The Discharger or water body monitoring coalition 
shall submit a Water and Sediment Monitoring Report twice during the term of the permit after 
each sediment sampling occurrence.  The Water and Sediment Monitoring report shall be 
submitted by September 1 as part of the Annual Report in accordance with Table E-9.  The 
Water and Sediment Monitoring Report shall contain the following information: 

a. Analysis.  An evaluation, interpretation and tabulation of the water and sediment 
monitoring data including interpretations and conclusions as to whether applicable 
Receiving Water Limitations in this Order have been attained at each sample station.  

b. Sample Location Map.  The locations, type, and number of samples shall be identified 
and shown on a site map. 

 

VII. OTHER MONITORING REQUIREMENTS 

A. Storm Water Discharges from Industrial High Risk Areas, Industrial Low Risk Areas, and 
Industrial No Exposure Areas 

 Monitoring Questions.  The industrial storm water monitoring program is designed to 1.
address the following primary questions: 

 Does the runoff meet permit effluent limitations for toxicity thereby ensuring water quality a.
standards are achieved in the receiving water? 

 Does the runoff meet the Numeric Action Levels (NALs)? b.

 Is the Storm Water Pollution Prevention Plan (SWPPP) being properly implemented? c.

 Is the Facility achieving standards of Best Available Technology Economically d.
Achievable (BAT) and Best Conventional Pollutant Control Technology (BCT)? 

 Non-Storm Water Discharge Visual Observations and Assessment 2.

a. Monthly, the Discharger shall visually assess each drainage area for the presence or 
indications of prior, current, or potential unauthorized non-storm water discharges and 
their sources.  

b. The Discharger shall visually observe the Facility’s authorized non-storm water 
discharges and their sources; 
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c. The monthly visual observations shall be conducted during daylight hours, on days 
without precipitation, and during scheduled facility operating hours1. 

d. Visual observations shall document the presence of or the indication of any non-storm 
water discharge, pollutant characteristics (floating and suspended material, oil and 
grease, discoloration, turbidity, odor, etc.), and source.   

e. The Discharger shall maintain records of the personnel performing the visual 
observations, the dates and approximate time each drainage area and non-storm water 
discharge was observed, and the response taken to eliminate unauthorized non-storm 
water discharges and to reduce or prevent pollutants from contacting non-storm water 
discharges.  The SWPPP shall be revised, as necessary, and implemented in 
accordance with Attachment G of this Order. 

f. The Discharger shall provide an explanation in the Annual Report for uncompleted 
monthly visual observations. 

 Industrial Storm Water Discharge and Other Visual Observations 3.

a. Sampling event visual observations shall be conducted at the same time sampling 
occurs at a discharge location. At each discharge location where a sample is obtained, 
the Discharger shall observe the discharge of storm water associated with industrial 
activity.  

b. The Discharger shall ensure that visual observations of discharge(s) from contained 
storm water are conducted at the time of discharge.  If the discharge is not likely to occur 
during scheduled facility operating hours (based upon rainfall forecasts and containment 
freeboard), the visual observations of the contained storm water shall be conducted prior 
to the discharge.  Visual observations shall confirm that the discharge is complying with 
the section III. Discharge Prohibitions of this Order.  

c. If the Discharger is employing volume-based or flow-based treatment BMPs, any bypass 
that occurs while the visual observations and/or sampling of storm water discharges are 
conducted shall be sampled. 

d. The Discharger shall visually observe and record the presence or absence of floating 
and suspended materials, oil and grease, discolorations, turbidity, odors, trash/debris, 
and source(s) of any observed pollutants.   

e. In the event that a discharge location is not visually observed during the sampling event, 
the Discharger shall record which discharge locations were not observed during 
sampling or that there was no discharge from the discharge location. The Discharger 
shall provide an explanation in the Annual Report for uncompleted sampling event visual 
observations.   

f. Dischargers shall maintain records of all visual observations. Records shall include the 
date, approximate time, locations observed, name of person(s) that conducted the 
observations, and any response actions and/or additional SWPPP revisions necessary 
in response to the visual observations. 

                                                
1 Scheduled facility operating hours are the time periods when the facility is staffed to conduct any function related 

to industrial activity, but excluding time periods where only routine maintenance, emergency response, security, 
and/or janitorial services are performed. 



UNITED STATES DEPARTMENT OF THE NAVY ORDER NO. R9-2014-0037  
NAVAL BASE POINT LOMA COMPLEX NPDES NO. CA0109363 
 

 
Attachment E – MRP -- Other Monitoring Requirements E-22 

g. The Discharger shall revise BMPs as necessary when the visual observations indicate 
pollutant sources have not been adequately addressed in the SWPPP. 

 Industrial Storm Water Sampling and Analysis 4.

a. A QSE is a precipitation event that: 

i. Produces a discharge for at least one drainage area; and  

ii. Is preceded by 48 hours with no discharge from any drainage area. 

b. The Discharger shall collect storm water samples from two qualifying storm event (QSE) 
during each semiannual period (i.e. January – June, July – December).  Representative 
storm water discharge locations for “Industrial High Risk” and “Industrial Low Risk” 
areas, as designated under section IV.B of this Order, shall be sampled as specified in 
Tables E-7 and E-8.   

 
c. Sampling of stored or contained storm water shall occur at the time the stored or 

contained storm water is discharged.  Samples shall be collected from two QSE during 
each semiannual period (i.e. January –June, July – December).     

 
d. Samples shall be collected from each drainage location within four hours of the 

following: 
 
i. The start of the discharge, or 
 
ii. The start of facility operations if the QSE occurs within the previous 12 hour period 

(storms that begin the previous night) and representative discharge of the facility is 
determined to still be occurring. Sample collection is required during scheduled 
facility operating hours and when sampling conditions are safe. 

 
e. Composite samples shall be flow-weighted storm water samples for the duration of the 

storm.  If composite samples are collected, all parameters identified in Tables E-7 and E-
8 with a sample type of grab or composite must be analyzed using composite samples. 

 
f. In the event that the first QSE in a semi-annual period does not produce a discharge that 

can be sampled at one or more sampling locations, the Discharger shall record which 
sampling locations were observed that did not discharge, and collect samples from those 
locations during the next QSE(s) that produces a discharge in that semi-annual period.  
If the Discharger fails to collect a sample at one or more sampling locations that did 
produce a discharge, the Discharger is required to fulfill the sampling requirement from 
an additional QSE that produces a discharge.  For each discharge location, the 
maximum number of storm water samples required per reporting year is four.   

 
g. Sections C.2, C.3, C.5, and C.8 of MRP No. R9-2002-002, Industrial Storm Water 

Monitoring, are incorporated by this reference as if set forth herein.  The Discharger shall 
continue monitoring in accordance with sections C.2, C.3, C.5, and C.8 of MRP No. R9-
2002-0002 until December 31, 2014, with the annual report due September 1, 2015, as 
required by Table E-9 of this MRP. 
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h. Beginning on January 1, 2015, the industrial storm water discharges from the “Industrial 
Low Risk” and “Industrial High Risk” areas, shall be sampled and analyzed as shown in 
Table E-7 and Table E-8 respectively.   

 
 
Table E-7. Monitoring Requirements for Industrial Storm Water Discharges from “Industrial Low 
Risk” Areas 

Parameter Unit Sample Type Minimum Frequency5 Required Analytical 
Test Method 

Discharge Volume gallons Estimate1 Two storms per semi-
annual period 

Estimate 

Conventional Pollutants 

Oil and Grease mg/L Grab Two storms per semi-
annual period 

2 

pH pH Units Grab Two storms per semi-
annual period 

4 

Total Suspended Solids mg/L Grab Two storms per semi-
annual period 

2 

Priority Pollutants 
Copper, Total 
Recoverable6 mg/L Grab or 

Composite 
Two storms per semi-

annual period  
2 

Zinc, Total Recoverable6 mg/L Grab or 
Composite 

Two storms per semi-
annual period 

2 

Non-Conventional Pollutants 

Other Pollutants3 µg/L Grab or 
Composite 

Two storms per semi-
annual period 

2 

1 The volume of storm water discharge can be estimated by multiplying: amount of rainfall in feet × square feet of 
surface area × impervious factor.  There are 7.5 gallons per cubic foot. 

2 As specified in 40 CFR 136.3. 
3 Pollutants that are likely to be present in storm water discharges in significant quantities shall be sampled.  The 

pollutants shall be selected based upon the pollutant source assessment required in section VII of the SWPPP 
requirements contained in Attachment G, visual observations, and inspection records.  If these pollutants are not 
detected in significant quantities after two consecutive sampling events, the Discharger may eliminate the pollutant 
from future analysis until the pollutant is likely to be present again.  The Discharger shall select appropriate analytical 
test methods that indicate the presence of pollutants in storm water discharges in significant quantities. 

4 Field test with pre- and post-calibrated portable instrument, or lab sample in accordance with 40 CFR 136. 
5  Sampling shall occur during qualifying storm events each semiannual calendar period (January – June, July – 

December) prior to release to receiving water.  If there are no qualifying storm events during the semiannual period, 
then sampling shall occur as soon as possible. 

6 After four consecutive sample events where parameters are not detected or below the Annual NAL values, analysis 
for those parameters may be discontinued. 
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Table E-8. Monitoring Requirements for Storm Water Discharges from “Industrial High Risk” 
Areas. 

Parameter Unit Sample Type Minimum Frequency7 Required Analytical 
Test Method 

Discharge Volume gallons Estimate1 Two storms per 
semiannual period. 

Estimate 

Conventional Pollutants 
Chemical Oxygen 
Demand mg/L Grab or 

Composite 
Two storms per 

semiannual period. 
2 

Oil and Grease mg/L Grab Two storms per 
semiannual period. 

2 

pH pH Units Grab Two storms per 
semiannual period. 

5 

Total Suspended Solids mg/L Grab Two storms per 
semiannual period. 

2 

Priority Pollutants 
Arsenic, Total 
Recoverable8 mg/L Grab or 

Composite 
Two storms per 

semiannual period. 
2 

Cadmium, Total 
Recoverable8 mg/L Grab or 

Composite 
Two storms per 

semiannual period. 
2 

Copper, Total 
Recoverable mg/L Grab or 

Composite 
Two storms per 

semiannual period. 
2 

Mercury, Total 
Recoverable8 mg/L Grab or 

Composite 
Two storms per 

semiannual period. 
2 

Nickel, Total 
Recoverable8 mg/L Grab or 

Composite 
Two storms per 

semiannual period. 
2 

Selenium, Total 
Recoverable8 mg/L Grab or 

Composite 
Two storms per 

semiannual period. 
2 

Silver, Total 
Recoverable8 mg/L Grab or 

Composite 
Two storms per 

semiannual period. 
2 

Zinc, Total Recoverable mg/L Grab or 
Composite 

Two storms per 
semiannual period. 

2 

Lead, Total Recoverable8 mg/L Grab or 
Composite 

Two storms per 
semiannual period. 

2 

Non-Conventional Pollutants 
Aluminum, Total 
Recoverable8 µg/L Grab or 

Composite 
Two storms per 

semiannual period. 
2 

Iron, Total Recoverable8 µg/L Grab or 
Composite 

Two storms per 
semiannual period. 

2 

Magnesium, Total 
Recoverable8 µg/L Grab or 

Composite 
Two storms per 

semiannual period. 
2 

Nitrate+Nitrite Nitrogen8 mg/L Grab or 
Composite 

Two storms per 
semiannual period. 

2 

Phosphorus, Total8 mg/L Grab or 
Composite 

Two storms per 
semiannual period. 

2 

Ammonia8 mg/L Grab or 
Composite 

Two storms per 
semiannual period. 

2 

Acute Toxicity3 Pass or 
Fail  

Grab or 
Composite 

Two storms per 
semiannual period. 

3 
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Parameter Unit Sample Type Minimum Frequency7 Required Analytical 
Test Method 

Chronic Toxicity3,6 Pass or 
Fail 

Grab or 
Composite 

Two storms per 
semiannual period. 

3 

Other Pollutants4 µg/L Grab or 
Composite 

Two storms per 
semiannual period. 

2 

1 The volume of storm water discharge can be estimated by multiplying: amount of rainfall in feet × square feet of 
surface area × impervious factor.  There are 7.5 gallons per cubic foot. 

2 As specified in 40 CFR 136.3. 
3 The presence of acute or chronic toxicity in the storm water shall be determined as specified in section V of this MRP. 
4 Pollutants that are likely to be present in storm water discharges in significant quantities shall be sampled.  The 

pollutants shall be selected based upon the pollutant source assessment required in section VII of the SWPPP 
requirements contained in Attachment G, visual observations, and inspection records.  If these pollutants are not 
detected in significant quantities after two consecutive sampling events, the Discharger may eliminate the pollutant 
from future analysis until the pollutant is likely to be present again.  The Discharger shall select appropriate analytical 
test methods that indicate the presence of pollutants in storm water discharges in significant quantities. 

5 Field test with pre- and post-calibrated portable instrument, or lab sample in accordance with 40 CFR 136. 
6 Chronic toxicity will be sampled at one representative high risk industrial storm water discharge location. 
7 Sampling shall occur during qualifying storm events, or if collected, prior to release to receiving water.  If there are no 

qualifying storm events during the year, then sampling shall occur as soon as possible.  If there are no qualifying 
storm events during the fifth year and conditions for administrative extension are met, then sampling shall occur as 
soon as possible. 

8 After four consecutive sample events where parameters are not detected or below the Annual NAL values, analysis 
for those parameters may be discontinued. 

 
 

i. Sampling Frequency Reduction Certification 

1) The Discharger is eligible to reduce the number of QSEs sampled each reporting 
year in accordance with the following requirements: 
a) Results from four (4) consecutive QSEs that were sampled (QSEs may be from 

different reporting years) did not exceed any NALs; and 
b) The Discharger is in full compliance with the requirements of this Order and has 

updated, certified and submitted all documents, data, and reports required by this 
Order during the time period in which samples were collected. 

 
2) The San Diego Water Board may notify a Discharger that it may not reduce the 

number of QSEs sampled each reporting year if the Discharger is subject to an 
enforcement action. 

 
3) An eligible Discharger shall certify that it meets the conditions in section VII.A.4.g.1) 

above. 
 
4) Upon Sampling Frequency Reduction certification, the Discharger shall collect and 

analyze samples from one (1) QSE within the first half of each reporting year (July 1 
to December 31), and one (1) QSE within the second half of each reporting year 
(January 1 to June 30).  All other monitoring, sampling, and reporting requirements 
remain in effect. 

 
5) A Discharger may reduce sampling per the Sampling Frequency Reduction 

certification unless notified by the San Diego Water Board that: (1) the Sampling 
Frequency Reduction certification has been rejected or (2) additional supporting 
documentation must be submitted. In such instances, a Discharger is ineligible for 
the Sampling Frequency Reduction until the San Diego Water Board provides 
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Sampling Frequency Reduction certification approval. Revised Sampling Frequency 
Reduction certifications shall be certified and submitted by the Discharger. 

 
6) A Discharger loses its Sampling Frequency Reduction certification if an NAL 

exceedance occurs. 
 

 Visual Observation and Sample Collection Exceptions 5.

 The Discharger shall be prepared to collect samples and conduct visual observations at the 
beginning of the semi-annual period until the minimum requirements of this section are 
completed with the following exceptions: 

a. The Discharger is not required to collect samples or conduct visual observations under 
the following conditions: 

i. During dangerous weather conditions such as flooding and electrical storms; or 
ii. Outside of scheduled Facility operating hours.  The Discharger is not precluded from 

collecting samples or conducting visual observations outside of scheduled facility 
operation hours. 

 
b. If the Discharger does not collect the required samples or conduct the visual 

observations during a wet season due to these exceptions, then the Discharger shall 
include an explanation in the Annual Report why the sampling or visual observations 
were not conducted. 

c. The Discharger shall ensure that all industrial storm water discharge sampling locations 
are representative of drainage areas associated with industrial activities, where 
practicable.  The storm water discharge observed and collected from these sampling 
locations shall be representative of the storm water discharge generated in each 
drainage area.  For sheet flow, the Discharger shall determine the appropriate sampling 
location(s) which represent industrial storm water discharges generated from the 
corresponding drainage area.  

d. The Discharger shall identify practicable alternate sample collection locations 
representative of the Facility’s storm water discharge if: 

i. Specific drainage areas at the Facility are affected by storm water run-on from off-
site areas or on-site non-industrial areas; or 

ii. Specific sampling locations are difficult to sample such as submerged discharge 
outlets, dangerous discharge location accessibility. 

B. Non-Industrial Storm Water Monitoring for Small Municipal (Military Base) Separate 
Storm Sewer System (MS4) Areas 

 Monitoring Questions.  The Small MS4 monitoring program shall be designed to address 1.
the following primary questions: 

 Is the Storm Water Management Plan (SWMP) being properly implemented? a.

 Is the Facility achieving the standard of reducing pollutants in MS4 discharges to the b.
Maximum Extent Practicable (MEP)? 



UNITED STATES DEPARTMENT OF THE NAVY ORDER NO. R9-2014-0037  
NAVAL BASE POINT LOMA COMPLEX NPDES NO. CA0109363 
 

 
Attachment E – MRP -- Other Monitoring Requirements E-27 

 MS4 Monitoring Plan.  Within 24 months of the effective date of this Order, the Discharger 2.
shall prepare and submit to the San Diego Water Board a written plan for monitoring 
discharges and pollutants in non–industrial storm water discharges from Small (Military 
Base) MS4 Areas designed to answer the monitoring questions above.  The monitoring plan 
shall include the following information: 

a. A list of pollutants to be monitored in non-industrial storm water from MS4 areas. 

b. Specific monitoring procedures for pollutants identified by the Discharger, with the goal 
of evaluating SWMP implementation throughout the Facility. 

c. A minimum subset of three representative monitoring locations for storm water and dry-
weather discharges within the Small MS4 Areas of the Facility.  These monitoring 
locations shall be sampled for pollutants identified by the Discharger.   

d. A schedule for monitoring.  Pollutant monitoring shall be performed a minimum of twice 
per year at the representative monitoring locations for storm water, and twice per year 
for dry-weather discharges, beginning 24 months after the effective date of this Order. 

e. A program for at least quarterly visual observations to identify and correct unauthorized 
non-storm water discharges. 

 The Discharger shall implement the Small (Military Base) MS4 Monitoring Plan unless 3.
otherwise directed in writing by the San Diego Water Board.  The Discharger shall comply 
with any conditions set by the San Diego Water Board including modification of proposed 
monitoring locations and constituents. 

 Monitoring results shall be submitted annually with the Storm Water Annual Report. 4.

C. Storm Water Annual Report for Industrial High Risk Areas, Industrial Low Risk Areas, 
and Small MS4 Areas 

The Discharger shall submit an Industrial Storm Water Annual Report by September 1 of each 
year to the San Diego Water Board.  The report shall include the following: 

1. Identification of any changes to “Industrial High Risk”, “Industrial Low Risk”, “Industrial No-
Exposure”, and “Small MS4 Areas” at the Facility, as defined in section VI.B.1 of this Order; 

2. A summary of visual observations and sampling and analysis results;  

3. An evaluation of the visual observation and sampling and analysis results;  

4. The Annual Comprehensive Site Compliance Evaluation Report as required by section IX of 
the SWPPP requirements contained in Attachment G; 

5. Laboratory reports; and 

6. A list of authorized and non-authorized non-storm water discharges. 

D. Spill and Illicit Discharge Log (within all industrial storm water risk areas) 

This requirement for a Spill and Illicit Discharge log is designed to answer the following primary 
monitoring questions: 
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 Are there more frequent and/or bigger spills at this Facility than at other similar facilities? 1.

 Are spills and illicit discharges properly addressed and are measures being taken or 2.
planned to reduce, eliminate, and prevent recurrence of them in the future? 

The Discharger shall log and report all spills of significant quantities to surface waters and all 
illicit discharges of any quantity within the Facility including spills and illicit discharges from 
vessels that are at the Facility for service. The spill / illicit discharge reports shall identify the 
following: 

1. The time and date of the spill or illicit discharge; 
2. The cause of the spill or illicit discharge; 
3. The materials or wastes involved in the spill or illicit discharge;  
4. The estimated volume of the spill or illicit discharges; 
5. The specific location where the spill or illicit discharge originated including storm water risk 

level; 
6. The fate of the spill or illicit discharge (e.g., San Diego Bay, etc.); 
7. The physical extent or size of the area(s) affected by the spill; 
8. Whether the spill or illicit discharge contained pollutants; 
9. The public agencies notified; 
10. The corrective actions taken or planned; and  
11. The measures taken or planned to prevent or minimize future spills or illicit discharges. 
 
The reports shall be submitted annually to the San Diego Water Board in accordance with Table 
E-9 of this MRP. 

The Discharger shall include in its Annual Report a summary of the spills and illicit discharges 
that occurred in or on the Facility during the annual reporting period.  The spill/illicit discharge 
summary report shall indicate the total number of spills and illicit discharges for the year, 
categorize the spills and illicit discharges, and provide the percentages of each type of spill or 
illicit discharge in a graphical representation.  The summary report shall also indicate the efforts 
the Discharger used in during the annual reporting period to prevent or minimize spills. 

E. Floating Dry Dock Submergence  

 Monitoring Questions.  This dry dock monitoring program is designed to answer the 1.
following primary question: 

 Is the dry dock adequately cleaned prior to flooding? a.

 Are pollutants being prevented from contact with Bay waters prior to flooding? b.

 Floating Dry Dock Submergence Notice.  The Discharger shall provide written notification 2.
to the San Diego Water Board at least 72 hours prior to the flooding of its floating dry dock.  
If the dry dock has to be flooded on short notice and the 72 hour notification time cannot be 
met, the Discharger shall notify the San Diego Water Board as early as possible and include 
information on why the notification time could not be met. 

 Floating Dry Dock Video.  The Discharger shall record on video (using a readily available 3.
electronic format) the condition of its floating dry dock immediately prior to each flooding 
when industrial activity has occurred in the dry dock. Quarterly, the Discharger shall submit 
a copy of the recording to the San Diego Water Board.  If flooding is to occur at night, video 
shall be taken during daylight hours as close to flooding as possible.  The Discharger does 
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not need to record on video the condition of the dry dock prior to the flooding when the dry 
dock has not had industrial activity occur and a flooding evolution is required for training or 
other purposes.  

 Floating Dry Dock Certification.  The Discharger must submit a quarterly certification 4.
statement regarding the condition of the dry dock prior to each flooding event during the 
reporting period.  If the floating dry dock was not flooded during the quarter, the Discharger 
shall document in the quarterly report that no flooding occurred during that monitoring 
period. 

 

VIII. REPORTING REQUIREMENTS 

A. General Monitoring and Reporting Requirements 

1. The Discharger shall comply with all Standard Provisions (Attachment D) related to 
monitoring, reporting, and recordkeeping. 

2. The Discharger shall report all instances of noncompliance not reported under Attachment 
D, Sections V.E, V.G, and V.H, of this Order at the time monitoring reports are submitted. 

B. Self-Monitoring Reports (SMRs) 

1. The Discharger shall initially submit Self-Monitoring Reports (SMRs) by hard copy to the 
San Diego Water Board office and electronically using the State Water Board’ s California 
Integrated Water Quality System (CIWQS) Program website 
(http://www.waterboards.ca.gov/water_issues/programs/ciwqs/).  The San Diego Water 
Board shall notify the Discharger when they may stop submitting hard copy SMRs.  The 
CIWQS website will provide additional directions for SMR submittal in the event there will be 
service interruption for electronic submittal. 

2. The Discharger shall report in the SMR the results for all monitoring specified in this MRP.  
The Discharger shall submit quarterly, semiannual, and annual SMRs including the results 
of all required monitoring using USEPA-approved test methods or other test methods 
specified in this Order.  If the Discharger monitors any pollutant more frequently than 
required by this Order, the results of this monitoring shall be included in the calculations and 
reporting of the data submitted in the SMR. 

3. Monitoring periods and reporting for all required monitoring shall be completed according to 
the following schedule: 

Table E-9.  Monitoring Periods and Reporting Schedule 
Sampling 

Frequency 
Monitoring Period Begins 

On… Monitoring Period SMR Due Date 

Continuous Permit effective date All Submit with 
quarterly SMR 

Daily  Permit effective date 

(Midnight through 11:59PM) or any 
24-hour period that reasonably 
represents a calendar day for 
purposes of sampling 

Submit with 
quarterly SMR 
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Sampling 
Frequency 

Monitoring Period Begins 
On… Monitoring Period SMR Due Date 

Monthly 

First day of calendar month 
following permit effective date 
or on permit effective date if 
that date is first day of the 
month 

First day of calendar month through 
last day of calendar month 

Submit with 
quarterly SMR  

Quarterly 
Closest of January 1, April 1, 
July 1, or October 1 following 
(or on) permit effective date 

January 1 through March 31 
April 1 through June 30 
July 1 through September 30 
October 1 through December 31 

May 1 
August 1 
November 1 
February 1 

Semiannually 
Closest of January 1 or July 1 
following (or on) permit 
effective date 

January 1 through June 30 
July 1 through December 31 

August 1 
February 1 

Annually Permit effective date July 1 through June 30 September 1 

Annual Storm 
Water Report 
(IX.A.7 of this 
MRP) 

First day of calendar month 
following permit effective date 
or on permit effective date if 
that date is first day of the 
month 

July 1 through June 30 

September 1  
Separate report 
submitted with 
Annual Report 

 

C. Reporting Protocols 

 The Discharger shall report with each sample result the applicable reported Minimum Level 1.
(ML) and the current Method Detection Limit (MDL), as determined by the procedure in 40 
CFR part 136. 

 The Discharger shall report the results of analytical determinations for the presence of 2.
chemical constituents in a sample using the following reporting protocols: 

 Sample results greater than or equal to the reported ML shall be reported as measured a.
by the laboratory (i.e., the measured chemical concentration in the sample). 

 Sample results less than the Reporting Level (RL), but greater than or equal to the b.
laboratory’s MDL, shall be reported as “Detected, but Not Quantified,” or DNQ.  The 
estimated chemical concentration of the sample shall also be reported. 
 
For the purposes of data collection, the laboratory shall write the estimated chemical 
concentration next to DNQ as well as the words “Estimated Concentration” (may be 
shortened to “Est. Conc.”).  The laboratory may, if such information is available, include 
numerical estimates of the data quality for the reported result.  Numerical estimates of 
data quality may be percent accuracy (+ a percentage of the reported value), numerical 
ranges (low to high), or any other means considered appropriate by the laboratory. 

 Sample results less than the laboratory’s MDL shall be reported as “Not Detected,” or c.
ND. 

 Dischargers are to instruct laboratories to establish calibration standards so that the ML d.
value (or its equivalent if there is differential treatment of samples relative to calibration 
standards) is the lowest calibration standard.  At no time is the Discharger to use 
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analytical data derived from extrapolation beyond the lowest point of the calibration 
curve. 

 Compliance Determination. Compliance with effluent limitations for priority pollutants shall 3.
be determined using sample reporting protocols defined above and Attachment A of this 
Order.  For purposes of reporting and administrative enforcement by the Regional and State 
Water Boards, the Discharger shall be deemed out of compliance with effluent limitations if 
the concentration of the priority pollutant in the monitoring sample is greater than the effluent 
limitation and greater than or equal to the RL. 

 Multiple Sample Data. When determining compliance with an AMEL or MDEL for priority 4.
pollutants and more than one sample result is available, the Discharger shall compute the 
arithmetic mean unless the data set contains one or more reported determinations of 
“Detected, but Not Quantified” (DNQ) or “Not Detected” (ND).  In those cases, the 
Discharger shall compute the median in place of the arithmetic mean in accordance with the 
following procedure: 

a. The data set shall be ranked from low to high, ranking the reported ND determinations 
lowest, DNQ determinations next, followed by quantified values (if any).  The order of the 
individual ND or DNQ determinations is unimportant. 

 
b. The median value of the data set shall be determined.  If the data set has an odd 

number of data points, then the median is the middle value.  If the data set has an even 
number of data points, then the median is the average of the two values around the 
middle unless one or both of the points are ND or DNQ, in which case the median value 
shall be the lower of the two data points where DNQ is lower than a value and ND is 
lower than DNQ. 

 
 The Discharger shall submit SMRs in accordance with the following requirements: 5.

 The Discharger shall arrange all reported data in a tabular format.  The data shall be a.
summarized to clearly illustrate whether the Facility is operating in compliance with 
interim and/or final effluent limitations.  The Discharger is not required to duplicate the 
submittal of data that is entered in a tabular format within CIWQS.  When electronic 
submittal of data is required and CIWQS does not provide for entry into a tabular format 
within the system, the Discharger shall electronically submit the data in a tabular format 
as an attachment. 

 The Discharger shall attach a cover letter to the SMR.  The information contained in the b.
cover letter shall clearly identify violations of the WDRs; discuss corrective actions taken 
or planned; and the proposed time schedule for corrective actions.  Identified violations 
must include a description of the requirement that was violated and a description of the 
violation. 

 Hard copy SMRs must be submitted to the San Diego Water Board, signed and certified c.
as required by the Standard Provisions (Attachment D), to the address listed below: 

California Regional Water Quality Control Board 
San Diego Region 
Attention: Source Control Regulation Unit 
2375 Northside Drive, Suite 100 
San Diego, CA 92108 
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If the San Diego Water Board office is moved, the San Diego Water Board shall 
provide a new address for report submittal. 

 
D. Discharge Monitoring Reports (DMRs) 

1. At any time during the term of this permit, the State or San Diego Water Board may notify 
the Discharger to electronically submit DMRs that will satisfy federal requirements.  Until 
such notification is given, the Discharger shall submit DMRs in accordance with the 
requirements described below. 

2. DMRs must be signed and certified as required by the standard provisions (Attachment D). 
The Discharger shall submit the original DMR to the address listed below: 

 

 
All discharge monitoring results must be reported on the official USEPA pre-printed DMR 
forms (EPA Form 3320-1).  Forms that are self-generated will not be accepted unless they 
follow the exact same format of EPA Form 3320-1. 

E. Other Reports 

Special Reports.  As specified in this Order, special reports or program components shall 
be submitted in accordance with the following reporting requirements. 

Table E-10.  Reporting Requirements for Special Provisions Progress Reports  
Report Name Section No. Report Due Date 

Industrial Storm Water Monitoring Location Report MRP section II.B.1 November 30, 2014 

Toxicity Reduction Evaluation (TRE) Work Plan MRP section V.F.1 

Within 30 days of a 
requirement to 

complete a TRE Work 
Plan 

Water and Sediment Monitoring Plan MRP section VI.D 
Within 12 months of the 

effective date of this 
Order 

Annual Storm Water Risk Level Designation Report Order section 
IV.B.2 

Annually by September 
1st 

Small Municipal Separate Storm Sewer System (MS4) – Storm 
Water Management Program 

Order section 
IV.D.2 

Within 18 months of the 
effective date of this 

Order 

Small Municipal Separate Storm Sewer System (MS4) – Storm 
Water Monitoring Plan 

Order section 
VII.B.2 

Within 24 months of the 
effective date of this 

Order 

STANDARD MAIL FEDEX/UPS/ 
OTHER PRIVATE CARRIERS 

State Water Resources Control Board  
Division of Water Quality 

c/o DMR Processing Center 
PO Box 100 

Sacramento, CA 95812-1000 

State Water Resources Control Board 
Division of Water Quality 

c/o DMR Processing Center 
1001 I Street, 15th Floor 
Sacramento, CA 95814 
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Report Name Section No. Report Due Date 
Future Development of Chronic Toxicity Effluent Limitations for 
Industrial High Risk Storm Water Areas 

Order section 
VI.C.2.a 

At Discharger’s 
Discretion 

Topside Chlorinator/ Dechlorinator Units Water Quality Effects 
Study Work Plan 

Order section 
VI.C.2.b 

Within 12 month from 
the effective date of 

this Order 

Topside Chlorinator/ Dechlorinator Units Water Quality Effects 
Study Implementation 

Order section 
VI.C.2.b 

Within 60 days after 
submittal of the 

workplan 

Revised Utility Vault Plan Order section 
VI.C.3.a 

Within 1 year of the 
effective date of this 

Order 

BMP Plan for Industrial Process Wastewater Discharges Order section 
VI.C.3.b 

Within 1 year of the 
effective date of this 

Order 

Pollution Prevention Plan (PPP) Work Plan and Time Schedule Order section 
VI.C.3.c 

Within 90 days of the 
effective date of this 

Order 

PPP Order section 
VI.C.3.c 

Within 9 months of the 
effective date of this 

Order 
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ATTACHMENT F – FACT SHEET 

As described in section II.E of this Order, the California Regional Water Quality Control Board, San 
Diego Region (San Diego Water Board) incorporates this Fact Sheet as findings of the San Diego 
Water Board supporting the issuance of this Order. This Fact Sheet includes the legal requirements 
and technical rationale that serve as the basis for the requirements of this Order.  

This Order has been prepared under a standardized format to accommodate a broad range of 
discharge requirements for Dischargers in California.  Only those sections or subsections of this Order 
that are specifically identified as “not applicable” have been determined not to apply to this Discharger.  
Sections or subsections of this Order not specifically identified as “not applicable” are fully applicable to 
this Discharger. 

I. PERMIT INFORMATION 

A. The following table summarizes administrative information related to the facility. 

Table F-1. Facility Information 
WDID 9 000000538 
Discharger United States Department of the Navy 
Name of Facility Naval Base Point Loma (NBPL) Complex 

Facility Address 
140 Sylvester Road, Building 140 Room 234 
San Diego, CA 92106 
San Diego 

Facility Contact, Title and 
Phone 

Donald ‘Angus’ MacKelvey, Installation Environmental Program Director 
for NBPL, (619) 533-0526 

Authorized Person to Sign 
and Submit Reports 

S.F. Adams, Captain, U.S. Navy Commanding Officer, (619) 553-7400 

Mailing Address Same as Facility Address 
Billing Address Same as Facility Address 
Type of Facility Naval Base 
Major or Minor Facility Major 
Threat to Water Quality 1 
Complexity A 
Pretreatment Program Not Applicable 
Reclamation Requirements Not Applicable 
Facility Permitted Flow Not Applicable 
Facility Design Flow Not Applicable 
Watershed San Diego Bay 
Receiving Water San Diego Bay and Pacific Ocean (storm water only) 
Receiving Water Type Enclosed Bay and Ocean Waters 
 

B. The United States (U.S.) Department of the Navy (Navy or Discharger) is the owner and 
operator of Naval Base Point Loma Complex (NBPL or Facility), a U.S. Naval Base. The NBPL 
is comprised of nine installations which are described in Section II and are hereinafter jointly 
referred to as the “Facility”. 
 
For the purposes of this Order, references to the “discharger” or “Discharger” in applicable 
federal and state laws, regulations, plans, or policy are held to be equivalent to references to the 
Discharger herein. 
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C. The Discharger was previously regulated by Order No. R9-2002-0002, National Pollutant 
Discharge Elimination System (NPDES) Permit No. CA0109363, for wastewater discharges 
from multiple discharge points within the Facility to San Diego Bay, a water of the United States 
(U.S.).  Order No. R9-2002-002 was the first comprehensive NPDES permit for the Facility.  The 
regulated discharges included wastewater from the following sources/activities:   

• Industrial storm water,  
• Utility vault and manhole dewatering,   
• Steam condensate,  
• Diesel engine cooling water,  
• USS ARCO dry dock ballast water,  
• Magnetic Silencing Facility (MSF) pier washing,  
• Marine mammal pools,  
• Returned unused San Diego Bay water,  
• Abalone tank discharges,  
• Pier boom cleaning,  
• Small boat rinsing, and  
• Miscellaneous facility discharges (e.g. landscape watering runoff, potable water & fire 

system maintenance). 
 

Order No. R9-2002-0002 was adopted on September 11, 2002, and expired on September 11, 
2007.  The terms and conditions of the 2002 Order were automatically continued and remained 
in effect until a new Waste Discharge Requirements (WDRs) and NPDES permit was adopted 
pursuant to this Order. 

D. The Discharger filed a report of waste discharge (ROWD) dated May 31, 2007 and an updated 
ROWD dated May 17, 2012 in application for reissuance of its WDRs and NPDES permit for the 
Facility.  The application was deemed complete on February 10, 2014.  Site visits were 
conducted by the San Diego Water Board on September 23, 2013, and April 3, 2014, to observe 
operations and collect additional data to develop permit limitations and requirements for waste 
discharge. 

II. FACILITY DESCRIPTION 

A. Installations.  

The Discharger manages several military installations in the San Diego area under the 
Commander, Navy Region Southwest (CNRSW) command structure.  These installations are 
aligned into three major naval bases, including Naval Base Point Loma (NBPL); Naval Base 
San Diego (NBSD), and Naval Base Coronado (NBC).  This Order regulates the Naval Base 
Point Loma Complex which is comprised of the following nine installations:   

• Naval Base Point Loma (NBPL-Main Base; Naval Submarine Base, San Diego [SUBASE]); 
• Fleet Logistics Center San Diego (FLC San Diego; previously Fleet and Industrial Supply 

Center [FISC]); 
• Naval Mine and Anti-Submarine Warfare Complex (NMAWC; previously Fleet Anti-

Submarine Warfare Training Center, Pacific [FASW]); 
• Fleet Combat Training Center, Pacific (FCTCPAC) and Commander Third Fleet; 
• Fleet Intelligence Training Center, Pacific (FITCPAC); 
• Magnetic Silencing Facility (MSF);  
• Naval Facilities Command Southwest, Taylor Street Facility (NAVFAC SW TSF); 
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• Space and Naval Warfare Systems Center Pacific, Point Loma Campus (SSC Pacific PLC); 
and  

• Space and Naval Warfare Systems Center Pacific, Old Town Campus (SSC Pacific OTC). 
 

 Naval Base Point Loma – Main Base (previously SUBASE San Diego). The NBPL-Main 1.
Base is located at Ballast Point, along the eastern shore of the Point Loma Peninsula, in 
San Diego, California.  Main Base is located within the Point Loma Hydrologic Area (908.10) 
of the Pueblo San Diego Hydrologic Unit (908.00).  The installation is 294 acres of mainly 
moderately steep coastline, and the majority of Main Base facilities are on approximately 30 
acres of relatively level land around Ballast Point.  Approximately 20 percent of the total 
Main Base area is impervious to storm water infiltration.  Main Base provides support to the 
U.S. Pacific Fleet Submarine Force and other sea-going and shore-based tenant 
commands.   
 
The mission of NBPL–Main Base is to provide support to the U.S. Pacific Fleet Submarine 
Force.  The installation provides shore facilities, three deep draft piers, industrial 
maintenance support buildings, a floating dry dock, bachelor quarters and dining facilities, 
submarine training facilities, torpedo retrievers and support craft, a torpedo/missile 
magazine complex, and the attendant support infrastructure of utilities, roads, and grounds. 
 
The three piers at Main Base are used to berth submarines, surface ships, and the USS 
ARCO, a floating dry dock.  Ship support services on the three piers include loading 
supplies and equipment onto the submarines and surface ships, as well as pier-side 
maintenance of submarines and surface ships.  Pier side maintenance may include all of the 
activities conducted on the USS ARCO, but are less complex.  Ship maintenance activities 
may also be conducted on the piers.  Boats, ship sections, or parts may be placed on 
storage racks on the piers or adjacent land for maintenance.   

The USS ARCO supports full-service ship repair and maintenance activities. Ship repair and 
maintenance activities include hydro-blasting (no abrasive blasting), metal grinding, painting, 
tank cleaning, removal of bilge and ballast water, removal of anti-fouling paint, sheet-metal 
work, electrical work, mechanical repair, engine repair, hull repair, and sewage disposal. At 
the USS ARCO, wastewaters generated during ship repair and maintenance activities are 
contained in two separate 1,500-gallon holding tanks. Storm water runoff from the USS 
ARCO dock floor is also collected in these holding tanks. The USS ARCO holding tanks 
discharge to the NBPL-Main Base Bilge Oily Waste Treatment System (BOWTS) for 
treatment. Once treated by the BOWTS, the water is then discharged to the sanitary sewer 
system via a City of San Diego permitted connection.  When the USS ARCO is flooded, 
there is the potential for Bay water to come into contact with waste materials.  The dry dock 
must be thoroughly cleaned and inspected before flooding.  The Discharger is required to 
implement a BMP plan to prevent the discharge of waste from the USS ARCO. 
 
Main Base also has several Southwest Regional Maintenance Center (SWRMC) repair 
shops.  The SWRMC repair shops conduct repairs on various parts of the vessels, such as 
mast repair, antenna repair or mechanical repairs.  All work is done indoors and has no 
exposure to storm water. 
 
Point source discharges from Main Base are discharges associated with portable topside 
chlorinator units, pier boom cleaning, utility vaults, storm water, and miscellaneous facility-
related discharges.  Miscellaneous facility-related discharges include fire suppression 
sprinkler system flushing, emergency eye wash/shower station maintenance, air conditioner 
condensate, landscape watering, and seawater infiltration.  
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Table F-2. Discharges from the Main Base 

Types of Discharge Discharge Point Nos. 
Topside Chlorinator/Dechlorinator 
Unit Wastewater CS-001 through CS-003 

Pier Boom Cleaning BW-001 

Utility Vault and Manhole Dewatering UV-003, UV-008 through UV-
018 

Vessel Seawater Cooling Overboard 
Water CW-001 

Miscellaneous Discharges Various Locations 
Municipal Storm Water 1 

Industrial Storm Water 1 

USS ARCO Flood Water 2 

1 Various locations as discussed in section II.B.1 of this Fact Sheet. 
2 USS ARCO Flood Water is not discharged from one point, but is listed here because it 

represents a potential for pollutant discharge. 

 Fleet Logistics Center San Diego (FLC San Diego) (previously FISC). FLC San Diego is 2.
on the east side of the Point Loma Peninsula, adjacent to San Diego Bay.  It is within the 
Point Loma Hydrologic Area (908.10) of the Pueblo San Diego Hydrologic Unit (908.00), and 
consists of 200 acres of moderately steep, mostly undeveloped coastline.  Most buildings 
are located at the shoreline, and approximately 10 percent of the total area is impervious to 
storm water infiltration.  The primary purpose of the FLC San Diego installation is bulk 
storage and transportation of petroleum products to the Department of the Navy and the 
Department of Homeland Security. 
 
FLC San Diego has recently replaced the aging bulk fuel storage tanks and support facilities 
and an aged pump house, dispensing systems, distribution piping and fuel oil reclamation 
facility.  FLC San Diego now has eight new above ground storage tanks (ASTs), a Fuel Oil 
Reclamation (FOR) facility, a lube oil storage facility, a fire water manifold, a control tower, a 
truck rack facility, a pump house, and four storm water retention basins. All of the new tanks 
have secondary containment. The construction was referred to as MILCON P-401 and was 
completed in December 2013.   

The primary industrial activities at FLC San Diego include the fueling of ships and 
associated raw materials (fuels, oils) storage, small boat repair work, and spill response 
functions. 
 
Point source discharges from FLC San Diego are listed in Table F-3 and include discharges 
associated with marine mammal pools, marine mammal enclosure cleaning, utility vault and 
manhole dewatering, storm water, and other miscellaneous facility-related discharges.  

 
Table F-3. Discharges from the FLC San Diego 

Types of Discharge Discharge Point Nos. 
Marine Mammal Pool Wastewater MP-002 
Marine Mammal Enclosure Cleaning 
Wastewater ME-003 

Utility Vault and Manhole Dewatering 
Water UV-002 and UV-006 

Miscellaneous Discharges Various Locations 
Municipal Storm Water 1 

Industrial Storm Water 1 

1 Various locations as discussed in section II.B.1 of this Fact Sheet. 
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 Naval Mine and Anti-Submarine Warfare Complex (NMAWC) (previously ASW). 3.
NMAWC is located at the intersection of North Harbor Drive and Nimitz Boulevard in San 
Diego, north of Main Base and west of the San Diego International Airport.  NMAWC is in 
the Point Loma Hydrologic Area (908.10) of the Pueblo San Diego Hydrologic Unit (908.00), 
and the facility covers approximately 38 acres of mostly level land at the north end of San 
Diego Bay.  Approximately 80 percent of the total area is impervious to storm water 
infiltration and consists of paved surfaces and buildings.  This installation has over 40 
buildings and trains personnel in the operation, maintenance, and tactical use of mine 
warfare, sonar, and other anti-submarine warfare equipment.  The buildings at NMAWC are 
primarily living quarters and classroom areas and, as such, are considered a non-industrial 
land use.                                 
 
There are three small piers at NMAWC.  One is used for equipment loading/unloading for 
Explosive Ordinance Disposal Unit boats, and the other two are used as a small marina to 
store private boats and recreational boats for the Morale, Welfare, and Recreation 
Department (MWR).  In addition to training, activities at NMAWC include facility 
maintenance (buildings, utilities, and grounds), food preparation, and minor maintenance 
conducted on small boats. 

Starting in the fall of 2013, the marine mammal training pools and marine mammal 
enclosures were temporarily relocated to NMAWC for approximately four years.  The 
temporary relocation of the marine mammals is due to anticipated noise impacts of in-water 
construction during the replacement of the existing fuel pier located at NBPL. 
 
Point source discharges subject to NPDES permitting from NMAWC are listed in Table F-4 
below and are  classified as discharges associated with small boat rinsing, utility vault and 
manhole dewatering, storm water, and other miscellaneous facility-related discharges: 

Table F-4. Discharges from NMAWC 
Types of Discharge Discharge Point Nos. 

Small Boat Rinsing Wastewater BR-002 
Utility Vault and Manhole Dewatering 
Water UV-007 

Temporary Marine Mammal Pool 
Discharge MP-003 

Temporary Marine Mammal 
Enclosure Cleaning ME-004 

Miscellaneous Discharges Various Locations 
Municipal Storm Water 1 

1 Various locations as discussed in section II.B.1 of this Fact Sheet. 
 

 Fleet Combat Training Center, Pacific (FCTCPAC) and Commander Third Fleet. 4.
FCTCPAC is located on the west side of the Point Loma Peninsula and is within the Point 
Loma Hydrologic Area (908.10) of the Pueblo San Diego Hydrologic Unit (908.00).  
FCTCPAC consists of 91.3 acres of native coastline, and approximately 35 percent of the 
total area is impervious to storm water infiltration.  The primary mission of FCTCPAC is to 
provide electronic training facilities to support the Pacific Fleet.  Activities include training, 
facility maintenance, and material storage.   
 
Point source discharges subject to NPDES permitting from FCTCPAC are listed in Table F-5 
below and include utility vault and manhole dewatering, storm water, and other 
miscellaneous facility-related discharges. 
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Table F-5. Discharges from FCTCPAC 

Types of Discharge Discharge Point Nos. 
Utility Vault and Manhole Dewatering 
Water UV-004 

Miscellaneous Discharges Various Locations 
Municipal Storm Water 1 

1 Various locations as discussed in section II.B.1 of this Fact Sheet. 
 

 Fleet Intelligence Training Center, Pacific (FITCPAC).  FITCPAC is a training and 5.
administrative center on Harbor Drive in San Diego.  A basic description for FITCPAC's 
mission is to train Fleet Naval Intelligence professionals and operators in intelligence 
analysis, technologies and processes to ensure they prevail in combat operations at sea 
and ashore.  The U.S. Pacific Command Joint Intelligence Training Activity, Pacific (JITAP) 
is co-located with the U.S. Pacific Fleet's Navy Fleet Intelligence Training Center, Pacific 
(FITCPAC) at the western end of the San Diego Airport Complex (Lindbergh Field).  JITAP 
capabilities include the Joint On-Line Training Tool (JOLTT), a network-server application 
that allows a training command/activity to deliver on-line training and performance support to 
students via network both locally and worldwide. JOLTT was co-developed by JITAP and 
the Navy Fleet Intelligence Training Center, Pacific (FITCPAC) to support delivery of 
exportable training over the Joint Worldwide Intelligence Communication System (JWICS).  
The Navy's Regional Operation Center (ROC) is also located on the FITCPAC compound.  
The operations center is primarily a command, control and communications center for 
emergencies.  The compound is used primarily for training and administrative functions with 
no industrial activity.  Point source discharges subject to NPDES permitting from  FITCPAC 
are listed in Table F-6 below and include storm water and other miscellaneous facility-
related discharges: 

Table F-6. Discharges from FITCPAC 
Types of Discharge Discharge Point Nos. 

Miscellaneous Discharges Various Locations 
Municipal Storm Water 1 

1 Various locations as discussed in section II.B.1 of this Fact Sheet. 
 
 

 Magnetic Silencing Facility (MSF). MSF is located in the northern portion of Main Base, 6.
within the Point Loma Hydrologic Area (908.10) of the Pueblo San Diego Hydrologic Unit 
(908.00).  MSF consists of 19.7 acres of moderately steep coastline, and approximately 20 
percent of the total area is impervious to storm water infiltration.  MSF has two piers that are 
used about five times per year as berths for Navy ships that are being depermed 
(demagnetized or degaussed).  Deperming operations involve covering the ship with a metal 
cable mesh and supplying an electrical current to demagnetize the vessel.  When ships are 
berthed at the pier, the ships only receive support services associated with deperming. 
 
The activities at MSF are limited to ship deperming, facility maintenance, material/waste 
storage, and operating the abalone breeding tanks.  Point source discharges subject to 
NPDES permitting from MSF are listed in Table F-7 below and include pier washing, 
abalone tanks wastewater, municipal storm water, and other miscellaneous facility-related 
discharges: 
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Table F-7. Discharges from MSF 
Types of Discharge Discharge Point Nos. 

Pier Washing Wastewater  PW-001 
Abalone Tank Water ABL-001 
Miscellaneous Discharges Various Locations 
Municipal Storm Water 1 

1 Various locations as discussed in section II.B.1 of this Fact Sheet. 
 

 Naval Facilities Engineering Command Southwest, Taylor Street Facility (NAVFAC SW 7.
TSF).  NACFAC SW TSF is located at 4653 Pacific Highway in San Diego, California.  It is in 
the Mission San Diego Hydrologic Sub Area (907.11) of the Lower San Diego Hydrologic 
Area (907.10) of the San Diego Hydrologic Unit (907).  The facility is approximately 3.2 
acres of relatively flat land, and approximately 100 percent of the land is impervious to storm 
water infiltration due to the presence of buildings and paved surfaces.  NAVFAC SW TSF is 
used as office and shop areas for facility maintenance activities and, as such, is considered 
a non-industrial land use. 
 
Point source discharges subject to NPDES permitting from NAVFAC SW TSF are listed in 
Table F-8 below and include municipal storm water and other miscellaneous facility-related 
discharges:   

 
Table F-8. Discharges from NAVFAC SW TSF 

Types of Discharge Discharge Point Nos. 
Miscellaneous Discharges Various Locations 
Municipal Storm Water 1 

2 Various locations as discussed in section II.B.1 of this Fact Sheet. 
 

 Space and Naval Warfare Systems Center Pacific, Point Loma Campus (SSC Pacific 8.
PLC). The SSC Pacific PLC is located along the east shore, west shore, and interior areas 
of the Point Loma Peninsula.  The facility is within the Point Loma Hydrologic Area (908.10) 
of the Pueblo San Diego Hydrologic Unit (908.00).  The facility consists of 740 acres; 117 of 
which are developed.   Approximately 20 percent of the total area is impervious to storm 
water infiltration. 
 
The mission of SSC Pacific PLC is to be the Navy’s full-spectrum research, development, 
test and evaluation (RDT&E), engineering, and fleet support center for command, control, 
and communication systems and ocean surveillance and the integration of those systems.  
The facility has four piers, used to berth small boats, barges, and dolphin and sea lion pens 
for the marine mammal program.  The activities of SSC Pacific PLC include facility 
maintenance, loading supplies and equipment,  minor maintenance of small boats, activities 
to support RDT&E operations, and the Marine Mammal Training Program.  Boat repair and 
maintenance activities include metal grinding, welding, mechanical repair and engine repair.  
The majority of these operations are conducted inside buildings.   
 
Point source discharges subject to NPDES permitting from SSC Pacific PLC are listed in 
Table F-9 and are associated with utility vault dewatering; marine mammal pools; returned, 
unused San Diego Bay water; marine mammal enclosure cleaning; small boat rinsing; pier 
washing; storm water; and other miscellaneous facility-related discharges: 
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Table F-9. Discharges from SSC Pacific PLC 
Types of Discharge Discharge Point Nos. 

Utility Vault and Manhole Dewatering 
Water UV-001 and UV-005 

Pier Piling and Wing Wall Washing 
Wastewater PW-002 

Marine Mammal Pool Water MP-001 
Marine Mammal Enclosure Cleaning 
Wastewater ME-001 and ME-002 

Returned, Unused Bay Water UBW-001 
Small Boat Rinsing Wastewater BR-001 
Miscellaneous Discharges Various Locations 
Industrial Storm Water 1 

Municipal Storm Water 1 

1 Various locations as discussed in section II.B.1 of this Fact Sheet. 
 

 Space and Naval Warfare Systems Center Pacific, Old Town Campus (SSC Pacific 9.
OTC). SSC Pacific OTC is located at 4297 Pacific Highway in San Diego, California.  It is 
within the Lindberg Hydrologic Sub Area (908.21) or the San Diego Mesa Hydrologic Area 
(908.20) of the Pueblo San Diego Hydrologic Unit and consists of approximately 70 acres.  
Approximately 95 percent of the total area is impervious to storm water infiltration.  SSC 
Pacific OTC’s mission is to provide personnel with knowledge superiority by developing, 
delivering, and maintaining effective, capable, and integrated command, control, 
communications, computer, intelligence, and surveillance systems.  The activities of SSC 
Pacific OTC include facility maintenance, loading supplies and equipment, electronic 
assembly and testing, metal grinding, welding, painting operations, and activities to support 
RDT&E operations. The majority of these operations are conducted inside buildings. 
 
Point source discharges subject to NPDES permitting from SSC Pacific OTC are listed in 
Table F-10 and include municipal storm water and other miscellaneous facility-related 
discharges: 

 
Table F-10. Discharges from SSC Pacific OTC 

Types of Discharge Discharge Point Nos. 
Miscellaneous Discharges Various Locations 
Industrial Storm Water 1 
Municipal Storm Water 1 

1 Various locations as discussed in section II.B.1 of this Fact Sheet. 
 

B. Description of Wastewater Discharges 

Wastewater discharges at NBPL consist of the following: 

1. Storm Water Discharges  

A total of approximately 197 storm water discharge points drain storm water runoff from the 
Facility.  In the ROWD submitted in May 2012, the Discharger indicated that there were 
industrial runoff points from many of the installations at the Facility.  All installations at the 
Facility have municipal storm water discharges. 
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This Order establishes requirements for storm water discharges from industrial and non-
industrial areas of the Facility (including Industrial High Risk Areas, Industrial Low Risk 
Areas, Industrial No Exposure Areas, and Small MS4 Areas). 

a. Small Municipal Separate Storm Sewer System Areas (Small MS4s) 

Section 402(p) of the Clean Water Act (CWA) establishes a framework for regulating 
storm water discharges under the NPDES Program.  In 1990, the United States 
Environmental Protection Agency (USEPA) promulgated regulations for permitting storm 
water discharges from industrial sites and from municipal separate storm sewer systems 
(MS4s) serving a population of 100,000 people or more.  These regulations, known as 
the Phase I regulations, require operators of medium and large MS4s to obtain storm 
water permits.  On December 8, 1999, USEPA promulgated regulations, known as 
Phase II regulations, requiring permits for storm water discharges from Small MS4s. 

As defined by 40 CFR section 122.26(b)(8), a MS4 is a conveyance or system of 
conveyances (including roads with drainage systems, municipal streets, catch basins, 
curbs, gutters, ditches, man-made channels, or storm drains): (i) designed or used for 
collecting or conveying storm water; (ii) which is not a combined sewer; and (iii) which is 
not part of a publicly owned treatment works (POTW). 

A Small MS4 is an MS4 that is not permitted under the municipal Phase I regulations, 
but is permitted under the municipal Phase II regulations.  A Small MS4 is owned or 
operated by the U.S., a state, a city, a town, a borough, a county, a parish, a district, an 
association, or another public body having jurisdiction over disposal of sewage, industrial 
wastes, storm water, or other wastes.  Small MS4s include systems similar to separate 
storm sewer systems in large municipalities, such as systems at military bases.  In this 
Order, small MS4 is also referred to as Small (Military Base) MS4. 

Storm water runoff from non-industrial portions of the Facility such as administrative 
buildings, roads, parking lots, and other municipal type discharges, are subject to 
regulation under Phase II MS4 requirements. 

This Order establishes requirements for Small MS4 storm water discharges from the 
Facility based on Phase II MS4 requirements, similar to those established in the State 
Water Resources Control Board (State Water Board) General NPDES Permit for the 
Discharge of Storm Water From Small Municipal Separate Storm Sewer Systems (WQ 
Order No. 2013-0001-DWQ), adopted on February 5, 2013. 

b. Industrial Storm Water 

Order No. R9-2002-0002 regulated industrial storm water runoff from “Industrial High 
Risk Areas” through the implementation of a storm water pollution prevention plan 
(SWPPP), copper and zinc bench mark values, a toxicity effluent limitation, and first 
flush diversion requirements. 

This Order establishes requirements for the discharge of storm water runoff from 
“Industrial High Risk Areas,” which are defined in section IV.B.1 of this Order as “All 
areas where wastes or pollutants of significant quantities form ship construction, 
modification, repair, and maintenance activities (including abrasive blast grit material, 
primer, paint, paint chips, solvents, oils, fuels, sludges, detergents, cleansers, hazardous 
substance, toxic pollutants, non-conventional pollutants, materials of petroleum origin, or 
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other substances of water quality significance) are subject to precipitation, run-on, and/or 
runoff.” 

This Order also establishes requirements for storm water runoff from industrial areas not 
associated with ship construction, modification, repair, or maintenance activities, and are 
designated as “Industrial Low Risk Areas,” and from “Industrial No Exposure Areas,” 
where all industrial materials and activities are protected from contact with storm water. 

Section IV.B.1. of this Order defines Small MS4 Areas, Industrial No Exposure Areas, 
Industrial Low Risk Areas, and Industrial High Risk Areas.  Section IV.B.2 of this Order 
requires that the risk level of storm water discharges shall be categorized annually by 
the Discharger based on the activities conducted in the drainage area for each outfall. 

Pollutants that may be present in the discharge include pollutants that the storm water is 
likely to contact, including, but not limited to sediment, solids, oil and grease, and metals. 

2. Non-Storm Water Small MS4 Discharges 

Discharges through the MS4 of material other than storm water to waters of the U.S. are 
effectively prohibited under section IV.F of this Order except as allowed under the provisions 
of section IV.F of this Order or as otherwise authorized by a separate NPDES permit.  A list 
of authorized non-storm water discharges is provided in section IV.F of this Order and 
includes diverted stream flows, rising ground water, uncontaminated groundwater, springs, 
drinking fountain water, emergency eye wash/shower water, condensate, and several other 
categories of discharge.  These discharges are authorized under this Order unless the 
Discharger or the San Diego Water Board identifies the discharges as a significant source of 
pollutants to waters of the U.S. or physically interconnected MS4.  If the discharges meet 
the conditions in section IV.F., the Discharger must ensure that steps are taken to prevent or 
reduce the contact of non-storm water discharges with significant materials or equipment; 
and  minimize, to the extent practicable, the flow or volume of non-storm water discharges.  
The Discharger is required to prepare a Storm Water Management Plan (SWMP) with Best 
Management Practices (BMPs) for MS4 discharges including authorized non-storm water.  
 

3. Utility Vault and Manhole Dewatering 

Dewatering of electrical, steam, telephone, and cable utility vaults and manholes is 
performed at the Facility, and the water may be discharged to either the San Diego Bay or 
the Pacific Ocean.   

The Facility has 18 electrical vaults that can have point source discharges; 10 of the 18 
vaults are located on the three piers on the Main Base.  The other 8 vaults are located on 
land, inside buildings, and are associated with electrical switching or substations.  These 
vaults are subject to groundwater intrusion or storm water infiltration.  The 10 pier vaults are 
subject to bay water intrusion and these vaults can also accumulate storm water during rain 
events.   Automatic sump pumps are installed in each of the 18 vaults. For the 10 vaults 
located on the piers, the automatic sump pumps pump water directly from the vault to San 
Diego Bay or the Pacific Ocean.  For the 8 other vaults, the automatic sump pumps pump 
the water onto the ground surface around the vault buildings, which may reach the storm 
drain system and thus discharge to San Diego Bay or the Pacific Ocean. 
 
In addition to the electrical vaults, electrical, telephone, and cable utility manholes are 
located at the Facility installations; steam utility manholes are located at NMAWC.  The 
electrical, telephone, cable, and steam utility manholes can accumulate storm water as well 
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as groundwater that must be removed when work is required or maintenance is to be 
performed.  The steam utility manholes can also accumulate steam condensate.  All 
manholes at the Facility, when required, are manually dewatered with a pump truck or 
portable pump.  The Navy has implemented procedures to eliminate manhole dewatering 
discharges; when manually dewatering manholes, water is pumped into an adjacent utility 
manhole or transferred to the sanitary sewer system.  In rare emergency situations, the 
manhole could be dewatered onto the ground surface. 
 
In accordance with Order No. R9-2002-002, NAVFAC SW has implemented the Pollution 
Prevention Plan for Utility Vault Dewatering Discharges (June 2011).  Practices include 
inspections of utility vaults and manholes for potential pollutant sources and dewatering 
utility manholes into adjacent utility manholes or the sanitary sewer system. 
 
Potential pollutants that may be found in the discharge include, but are not limited to, 
contaminants in the bay water that accumulates in pier vaults, contaminants in groundwater 
that accumulates in landside vaults and manholes, pollutants in storm water that 
accumulates in utility vaults and manholes, and pollutants from electrical and steam 
equipment (i.e., oils, grease, metals) located in the vaults and manholes. A map of the utility 
vault locations is shown in Attachment B.  A line drawing for the utility vault dewatering 
discharge is shown in Attachment C (Figure C-9). 

Prior to the adoption of Order No. R9-2002-0002 for the Facility, discharges from utility 
vaults and manholes were regulated by the statewide General Order for Discharges from 
Utility Vaults and Underground Structures to Surface Waters (Order No. 96-12-DWQ, 
NPDES No. CAG990002).  At the time of adoption of Order No. R9-2002-002, the State 
Water Board was awaiting USEPA approval of the re-issued General Order (Order No. 
2001-11-DWQ).  In order to regulate all of the discharges at the Facility under one Order, 
the San Diego Water Board incorporated the pertinent specifications, limitations, and 
monitoring requirements of Order No. 2001-11-DWQ into Order No. R9-2002-002.  The 
State Water Board has since re-issued the General Order again, the most recent version 
being Order No. 2006-0008-DWQ, General National Pollutant Discharge Elimination System 
(NPDES) Permit for Discharges from Utility Vaults and Underground Structures to Surface 
Waters. 
 

4. Industrial Process Wastewater 

a. Portable Topside Chlorinator/Dechlorinator Unit Wastewater. The class of 
submarine that is typically moored at the Facility does not have a means to prevent 
biofouling in the cooling water system while the submarines are moored. At the Main 
Base piers, the Discharger introduces sodium hypochlorite (NaOCl) produced by 
electrolysis using portable topside chlorinator units into the cooling water system to 
prevent biofouling.  The portable topside chlorinators are used only for the specific class 
of submarine that is typically moored at the Facility.  The chlorinators cannot be used for 
other classes of submarine.  For other submarines without internal biofouling prevention 
equipment, the cooling systems must be manually cleaned.  Wastewater from this 
cleaning activity is routed to the sanitary sewer system and is not discharged to San 
Diego Bay. 
 
Water from San Diego Bay is extracted from the cooling water intake system and, 
converted into chlorine by electrolysis. Seawater is supplied to the chlorinator cooling 
water system from the auxiliary sea water (ASW) constant vent, which is located below 
the water line on the submarine.  The chlorinator supply hose is attached to the ASW 
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constant vent metal grate by divers and held on by magnetic fasteners. 
 
An electronic interlock cable between the portable topside chlorinator unit and the 
portable dechlorinator unit automatically limits the entire chlorination/dechlorination cycle 
to two hours per treatment cycle.  The portable dechlorinator unit, located inside the 
submarine, uses sodium bisulfite (NaHSO3) to chemically reduce the chlorine to 
chlorides. The chlorinator unit cannot operate unless the interlock cable from 
dechlorinator unit is connected.  Measurements are taken downstream of the 
dechlorinator injection point before water is discharged to San Diego Bay to make sure 
that the target concentration for chlorine is non-detect.  Because the portable 
dechlorinator unit cannot be adjusted, the portable chlorinator is adjusted if the chlorine 
concentration is greater than non-detect.  After dechlorination, cooling water is 
discharged back to San Diego Bay.  Discharges can occur from submarines at any one 
of the three piers at Main Base or the USS ARCO where submarines are moored 
through Discharge Point Nos. CS-001 through CS-003.  One discharge point is assigned 
to each pier; North, Middle, and South.   
 
The chlorinator/dechlorinator units run two hours per day at approximately 20 gallons per 
minute (gpm). The total discharge flows from the cooling system range from 400 gpm to 
1,500 gpm.  Six submarines are home ported in San Diego.  However, fewer than six 
submarines are typically in port at any given time.  Generally, the chlorinator units will 
not be operated at the same time.  Assuming three submarines are in port and the 
discharge flow is at 400 gpm for two hours per day, 365 days per year, the annual 
discharge volume would be 52,560,000 gallons per year 
 
Pollutants that may be present in the discharge include, but are not limited to, chlorine, 
contaminants in San Diego Bay water supplied to the chlorinator units, excess sulfites 
and sulfates, chlorinated organic chemical reaction products, lowered pH, and 
suppressed dissolved oxygen content.  A map of the chlorinator/dechlorinator discharge 
locations at Main Base is shown in Attachment B.  A line drawing for the 
chlorinator/dechlorinator discharges is shown in Attachment C (Figure C-1). 

b. Pier Washing Wastewater. The Deperming Pier at MSF is located just west of 
privately-owned bait barges, which supply bait for the commercial fishing operations in 
San Diego Bay.  As a consequence, the area has a large marine bird population that 
roost at the Deperming Pier and deposit a significant amount of guano.  To minimize the 
health and safety issues resulting from the accumulated guano, the pier is power-
washed with Bay water three times per week.  A pump located on the pier is used to 
supply Bay water for a high-pressure pier-deck wash down.  The wash water generated 
discharges through pier drains directly into San Diego Bay.  The discharge volume for 
each pier cleaning is approximately 43,200 gallons.  MSF pier washing is completed 
three times per week with an annual discharge volume of approximately 6,739,200 
gallons.  In the event that the Bay water pumping system is inoperable, the deck is 
washed with potable water and that wash water is discharged through the same pier 
drains, directly into San Diego Bay. 
 
Pier 160 at SSC Pacific PLC has similar problems due to the proximity of the bait barge.  
To minimize the accumulation of bird guano, the Discharger plans to occasionally wash 
the pier pilings and the tops of the pier wing walls using high-pressure potable water 
and/or brushes.  The wash water will also be discharged directly into San Diego Bay.  
The quantity of discharge is expected to be approximately 21,600 gallons per wash 
event, and at an assumption of one washing event per month, the estimated annual 
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volume would be 259,000 gallons.  If the main pier deck is cleaned, the wash water will 
be collected and discharged to the sanitary sewer.   
 
Piers and docks in addition to Pier 160 pilings and wing walls and the Deperming Pier 
are occasionally washed to remove guano and to improve health and safety.  Bay or 
potable water sometimes at high-pressure and/or brushes are used to wash these piers 
and docks. The wash water is discharged directly into San Diego Bay.  Pollutants will be 
similar to washing at Pier 160 and the Deperming Pier. 
 
Pollutants that may be found in the discharge include contaminants already present in 
San Diego Bay or potable water used to wash the piers, pollutants removed from the 
Deperming Pier surface during the wash down (primarily coliform bacteria from bird 
guano), and pollutants removed from the pier pilings, dock, and/or tops of the wing walls 
at SSC Pacific PLC during wash down.  A map of the pier washing discharge location at 
the MSF Deperming Pier and the piling and wing wall washing discharge at SSC Pacific 
PLC is shown in Attachment B.  A line drawing for the pier washing discharge at the 
MSF Deperming Pier and the piling and wing wall washing discharge at SSC Pacific 
PLC is show in Attachment C (Figure C-2). 
 

c. Marine Mammal Pool Discharges and Enclosure Cleaning Wastewater 
 
i. Marine Mammal Training Pools.  Two Facility installations, FLC San Diego and 

SSC Pacific PLC, have similar processes associated with training dolphins.  Both 
installations discharge pool water to San Diego Bay.  SSC Pacific PLC also has 
smaller pools for sea lions that discharge to the San Diego Bay.  Starting in the fall of 
2013, the marine mammal training pools were temporarily relocated to NMAWC for 
approximately four years.  The temporary relocations of the marine mammals is due 
to anticipated noise impacts of in-water construction during the replacement of the 
existing fuel pier located at NBPL. 
 
At any time, FLC San Diego maintains as many as four pools for dolphins and as few 
as zero.  SSC Pacific PLC maintains as many as six pools for dolphins.  These pools 
range in size from 10,000 to 23,500 gallons, and all pools are operated in the same 
manner.  When dolphins are in the pools, fresh seawater is circulated continuously 
by being pumped in from San Diego Bay, and then discharged back to San Diego 
Bay after circulation.  At SSC Pacific PLC, there are three small pools (<1,500 
gallons each) used in the same manner for sea lions.  Pool heaters are sometimes 
used to increase water temperature in dolphin pools by up to 20°F above ambient 
bay temperature.  Warm water has been proven to enhance the healing ability of 
Atlantic Bottlenose Dolphins in certain illness cases.  The warmer water is used in an 
open circuit pool operation and run back into the bay, untreated by any chemicals.   

Another discharge associated with this operation is the movement of marine 
mammals to the Veterinarian Lab.  During these short movements, animals are kept 
wet using potable water hoses along the way.  Discharge volumes are minimal and 
no chemicals are used during these short movements.   

This San Diego Bay water is not processed nor are any chemicals added directly to 
the pool systems.  The dolphin pools and sea lion pools are used approximately 
once per month with an average usage for all animals of five days each month at the 
Facility.  When the pools are not in use, there is no discharge.   
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The maximum discharge rate at FLC San Diego is 200 gpm and at SSC Pacific PLC 
the maximum discharge rate is 100 gpm.  The pumps are used 24 hours a day while 
the dolphins are in the pools; the estimated annual discharge volume at FLC San 
Diego is 17,280,000 gallons, and the estimated annual discharge volume at SSC 
Pacific PLC is 8,640,000 gallons to San Diego Bay through Discharge Points No. 
MP-001 and MP-002.   
 
Pollutants that may be found in the discharge include, but are not limited to, 
contaminants in San Diego Bay water supplied to the marine mammal pools, 
contaminants from pump and piping system, excess feed, and fecal coliform from the 
mammals’ feces.  A map of the dolphin pools discharge location at the MSF and 
SSC Pacific PLC is shown in Attachment B.  A line drawing for the mammal pool 
discharge at the MSF and SSC Pacific PLC is shown in Attachment C (Figure C-3).   

ii. Marine Mammal Enclosure Cleaning Wastewater.  Two Facility installations have 
similar processes associated with marine mammal enclosures: pier 122 at FLC San 
Diego and piers 159 and 302 at SSC Pacific PLC.  Starting in the fall of 2013, the 
marine mammal enclosures were temporarily relocated to NMAWC for approximately 
four years.  The temporary relocation of the marine mammals is due to anticipated 
noise impacts of in-water construction during the replacement of the existing fuel pier 
located at NBPL. 

The total weight of marine mammals maintained in the program is approximately 
32,400 lbs.  These installations use high-pressure heated potable water (maximum: 
170° F) to remove fecal matter and any other waste from the deck areas within the 
sea lion enclosures daily. The equipment used causes the water to quickly turn to a 
spray mist and cool rapidly within a few feet of the nozzle.  Unheated bay water is 
also used to clean the decks leading to and surrounding the marine mammal 
enclosures and marine mammal enclosure netting (sea lions and dolphins).  Water 
from these cleaning processes discharges directly to San Diego Bay.  Brooms may 
be used with the water in the cleaning process.  No chemicals are added during the 
cleaning process.  In addition, sprinklers of potable water or sea water are used 
during the summer months to cool sea lions and older dolphins resting at the 
surface, SCUBA diving gear is rinsed with potable water, potable water is used to 
rinse open sores that sometimes develop on marine mammals, and rub lines are 
cleaned with high pressure and/or high pressure heated potable water. 

The daily discharge to clean and remove sea lion fecal matter is about 672 gallons 
per day (gpd).  The daily discharge to clean the deck areas leading to the marine 
mammal enclosures is approximately 1,800 gpd.  The approximate daily discharge 
for cleaning the enclosure netting is 15,000 gpd.  The total annual discharge from 
enclosure cleaning is approximately 6,377,280 gallons into San Diego Bay through 
Discharge Points No. ME-001, ME-002, and ME-003. 
 
Pollutants that may be found in the discharge include contaminants in the potable 
and San Diego Bay water, fecal coliform from the sea lion feces and other 
contaminants on the enclosure surfaces, and contaminants that could be picked up 
as the water passes through the high-pressure heated water system.  A map of the 
marine mammal enclosure cleaning discharge locations at MSF and SSC Pacific 
PLC is shown in Attachment B.  A line drawing for the marine mammal enclosure 
cleaning discharge is shown in Attachment C (Figure C-4). 
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d. Returned Unused Bay Water (SSC Building 111).  SSC Building 111 laboratories use 
water from San Diego Bay, which is continually pumped from Pier 160 into a 500-gallon 
flow-through tank located on the roof of Building 111.  The water is piped into the 
building and, after use in the laboratories, is discharged to the sanitary sewer.  Unused 
water continually flows from the rooftop tank to prevent stagnation in the tank.  Ancillary 
discharges associated with this operation include routine back-flushing of sand filters 
(approximately 4 times per year) and pressure washing of piping systems with potable 
water to remove mussels and other sea organisms (approximately one time per year); 
no chemicals are added.  The rooftop tank pump is rated at 25 gpm, and the discharge 
occurs 24 hours per day, 365 days per year.  The annual discharge volume is 
approximately 13,140,000 gallons.  The Returned, Unused Bay Water is not treated or 
processed in any way before being discharged to the base storm drain system and into 
San Diego Bay through Discharge Point No. UBW-001. 
 
The discharge rate will change when the abalone tanks are moved.  Returned Unused 
Bay Water will be used to supply the abalone tanks with water.  During cold weather, the 
entire flow may be diverted into the abalone tanks resulting in no discharge of Returned 
Unused Bay Water.  During warm weather, approximately 5 gpm of Returned Unused 
Bay Water may be discharged. 
 
Pollutants that may be found in the discharge include, but are not limited to, 
contaminants in the San Diego Bay water and pollutants that could be picked up as the 
water passes through the water supply and discharge system.  A map of the Returned 
Unused Bay Water discharge location at SSC Pacific PLC Building 111 is shown in 
Attachment B.  A line drawing for the unused Bay water discharge is shown in 
Attachment C (Figure C-5).   
 

e. Abalone Tank Wastewater. Water from San Diego Bay is pumped to a bioassay trailer 
and abalone tanks located at MSF.  The water is used for the abalone 
breeding/maturation tanks.  Two 3-horsepower pumps rated at 25 gpm draw water from 
the Bay.  Only one pump is used at a time, while the second pump serves as a backup.  
Two separate discharges are unused Bay water and water from the abalone tanks.  The 
water in the abalone tanks is continuously flowing and is discharged back to San Diego 
Bay (at approximately 9 gpm).  The weight of abalone produced per year is 
approximately 50 pounds and the total weight of feed in a calendar month is 
approximately 200 lbs/month.  Other discharges associated with this operation include 
routine back-flushing of sand filters (approximately once per week) and pressure 
washing of piping systems with potable water to remove mussels and other sea 
organisms (approximately once per year). 
 
The total daily discharge from the abalone tanks is approximately 12,960 gallons.  The 
unused bay water is continuously flowing and is discharged to San Diego Bay (at 
approximately 6 gpm).  The total daily discharge of Returned Unused Bay Water is 
approximately 8,640 gallons.  The total annual discharge to San Diego Bay from the 
abalone tanks and unused Bay water is approximately 7,884,000 gallons from Discharge 
Point No. ABL-001.   
 
Pollutants that may be found in the discharge include but are not limited to contaminants 
in the Bay water, excess food waste particles, fecal matter, and pollutants that could be 
picked up as the water passes through the pump, piping, bioassay trailer and abalone 
tanks.  A map of abalone tanks and bioassay trailer water discharge locations at MSF is 
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shown in Attachment B.  A line drawing for the abalone tanks and bioassay trailer water 
discharge is shown in Attachment C (Figure C-6). 

 
f. Pier Boom Cleaning Wastewater. Marine growth on oil containment booms placed 

around the moored submarines, ships, and piers at the Facility can cause the booms to 
sink.  The marine growth is washed off with high-pressure potable water.  The booms 
are removed from the water and taken to a barge for the cleaning process.  All booms 
are cleaned twice per year on a quarterly piece-by-piece rotating basis.  The pressure 
washer discharges 5 gpm and is operated six hours per day for two to three weeks per 
quarter.   
 
When boom cleaning is performed, the daily discharge is 1,800 gallons.  The annual 
discharge is approximately 108,000 gallons.  In the event that the booms become 
contaminated with oil or fuel, the oil booms are placed on a barge, transported to across 
San Diego Bay to NBSD, and cleaned on a wash pad with a high-pressure washer.  The 
wastewater generated by this process is collected and subsequently treated at the 
NBSD BOWTS and discharged to the sanitary sewer. 
 
Boom cleaning discharges at the Facility can occur at any pier where oil booms are 
installed.  However, boom cleaning typically occurs at a barge designated for that 
purpose, located at the shoreline between the north and middle piers at the Main Base 
and would be discharged through Discharge Point No. BW-001.  Pollutants that may be 
found in the discharge include but are not limited to, contaminants in the potable water 
used in the pressure wash; any contaminants that the water comes into contact with as it 
passes through the pressure-wash equipment; and contaminants washed from the 
surfaces of the pier booms.  A map of the boom cleaning discharge location at the Main 
Base is shown in Attachment B.  A line drawing for the boom cleaning discharge is 
shown in Attachment C (Figure C-7). 

 
g. Small Boat Rinsing Wastewater. SSC Pacific PLC uses high-pressure heated potable 

water and Explosive Ordinance Disposal Training and Evaluation Unit 1 (EODTEU-1) at 
NMAWC uses potable water to rinse small boats coming out of the San Diego Bay.   

 
At SSC Pacific PLC, boats are rinsed off with potable water at Pier 160 and the adjacent 
boat ramp.  An ancillary discharge associated with this operation is the occasional 
rinsing of equipment that has been removed from the Bay or Ocean.  Potable water is 
used to rinse salt, marine growth, and marine mammal fecal matter from small boats and 
equipment and to flush seawater from boat engine cooling systems.  High-pressure 
heated potable water (maximum: 170° F) is used, as necessary, to remove marine 
growth and any marine mammal fecal matter.  The equipment used causes the water to  
quickly turn to a spray mist and cool rapidly within a few feet of the nozzle.  The 
maximum discharge rate for small boat rinsing is 3.2 gpm.  For about three hours a day, 
the rinsing discharges are approximately 576 gpd.  The maximum discharge rate for 
boat engine flushing at SSC PLC is 8 gpm.  To flush SSC PLC boats, it takes 
approximately 20 minutes per day and the flushing discharges at 160 gpd.  Water from 
rinsing and flushing boats at SSC PLC is discharged to San Diego Bay through 
Discharge Point No. BR-001. 
 
EODTEU-1 boats are rinsed off and engines are flushed with potable water at NMAWC, 
Building 19.  The maximum discharge rate for small boat rinsing is 7.5 gpm; two boats 
are cleaned for about 20 minutes each three times a week, and the rinsing discharge is 
300 gpd.  To flush an EODTEU-1 boat takes about one minute, and occurs on average 
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three times per week with a rinsing discharge of 15 gpd.  Water from the cleaning and 
rinsing processes at NMAWC discharges into San Diego Bay through Discharge Point 
No. BR-002. 
 
Pollutants that may be found in the discharge include but are not limited to contaminants 
in the fresh water, fecal coliform from the marine mammal feces and other contaminants 
found on boat surfaces, pollutants that could be picked up as the water passes through 
the high-pressure heated water system and over the surface of the boats, and oils that 
could be picked up in the cooling water during engine flushing.  A map of the small boat 
rinsing discharge location SSC Pacific PLC is shown in Attachment B.  A line drawing for 
the small boat rinsing discharge is shown in Attachment C (Figure C-8). 

 
h. USS ARCO.  The USS ARCO is a floating dry dock Armed Forces vessel, owned and 

operated by the U.S. Navy that is used to repair submarines and other Navy ships and 
boats.  The USS ARCO discharges of ballast waters to San Diego Bay.  Ballast water 
discharge from U.S. Navy vessels will be regulated by the Uniform National Discharge 
Standards (UNDS) program administered by USEPA and the Department of Defense.   
The UNDS program was established under the authority of Clean Water Act (CWA) 
section 312 to develop national standards to control certain discharges, other than 
sewage, incidental to the normal operation of Armed Forces vessels within the navigable 
waters of the U.S.  Once UNDS is fully implemented, section 312 of the CWA will 
preempt states from regulating discharges from Armed Forces vessels covered by the 
UNDS program.  

 
Vessels under repair in the USS ARCO may discharge seawater cooling water to San 
Diego Bay.  This cooling water will be regulated by UNDS when the vessel is in the 
water, but is regulated by this Order when the vessel is in dry dock.  The seawater 
cooling overboard water discharges regulated under this Order are associated with 
vessels in the dry dock which draw water directly from San Diego Bay for cooling 
purposes.  Water is pumped into the vessels in the dry dock and routed through heat 
exchangers where it absorbs heat and is then discharged to San Diego Bay at higher 
temperatures.  
 
The USS ARCO is flooded to take on a vessel for repair and to launch the vessel after 
repair.  Training episodes of flooding also occur occasionally.  During flooding, there is a 
possibility of discharging pollutants if the dry dock is not fully cleaned prior to flooding.  
This Order includes a requirement for BMPs for dry dock maintenance and cleaning to 
prevent or minimize Bay water contact with pollutants prior to and during flooding. 
 

C.  Discharge Points and Receiving Waters 

 The nine installations of the facility are described in section II.A of this Fact Sheet and are 1.
shown in Attachment B (Figure B-1).  

Wastewater is discharged into the San Diego Bay and the Pacific Ocean as summarized in 
Table F-11 below: 
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Table F-11.  Discharge Locations 
Facility Name Discharge 

Point Effluent Description Discharge 
Point Latitude 

Discharge Point 
Longitude 

Receiving 
Water 

North (November) 
Pier (Main Base) CS-001 Topside Chlorinator / 

Dechlorinator 32º 41’ 23” N 117º 14’ 18” W San Diego Bay 

Middle (Mike) Pier 
(Main Base) CS-002 Topside Chlorinator / 

Dechlorinator 32º 41’ 21” N 117º 14’ 11” W San Diego Bay 

South (Sierra) Pier 
(Main Base) & USS 

ARCO 
CS-003 Topside Chlorinator / 

Dechlorinator 32º 41’ 16” N 117º 14’ 6” W San Diego Bay 

Deperming Pier 
Washing 
(MSF) 

PW-001 Deperming Pier 
Washing 32º 41’ 37” N 117º 14’ 19” W San Diego Bay 

Pier Washing 
(SSC Pacific PLC) PW-002 Pier Washing 32º 42’ 13” N 117º 14’ 8” W San Diego Bay 

Marine Mammal 
Pool 

(SSC Pacific PLC) 
MP-001 

Marine Mammal 
Training Pool 

Discharge 
32º 42’ 8” N 117º 14’ 14” W San Diego Bay 

Marine Mammal 
Pool 

(FLC San Diego) 
MP-002 

Marine Mammal 
Training Pool 

Discharge 
32º 41’ 57” N 117º 14’ 21” W San Diego Bay 

Marine Mammal 
Enclosure (SSC 

Pacific PLC) 
ME-001 

Marine Mammal 
Training Enclosure 

Discharge 
32º 42’ 15” N 117º 14’ 8” W San Diego Bay 

Marine Mammal 
Enclosure (FLC San 

Diego) 
ME-002 

Marine Mammal 
Training Enclosure 

Discharge 
32º 41’ 9” N 117º 14’ 11” W San Diego Bay 

Marine Mammal 
Enclosure (SSC 

Pacific PLC) 
ME-003 

Marine Mammal 
Training Enclosure 

Discharge 
32º 41’ 53” N 117º 14’ 18” W San Diego Bay 

Unused Bay Water 
Bldg. 111 

(SSC Pacific PLC) 
UBW-001 Unused Bay Water 32º 42’ 19” N 117º 14’ 11” W San Diego Bay 

Abalone Tank and 
Unused Bay Water 

(MSF) 
ABL-001 Abalone Tank 

Discharge 32º 41’ 33” N 117º 14’ 22” W San Diego Bay 

Boom-Cleaning 
Barge (Main Base) BW-001 Pier Boom Cleaning 

Water 32º 41’ 19” N 117º 14’ 19” W San Diego Bay 

Small Boat Rinsing 
(SSC Pacific PLC) BR-001 Small Boat Rinsing 

Water 32º 42’ 13” N 117º 14’ 11” W San Diego Bay 

Small Boat Rinsing 
(NMAWC) BR-002 Small Boat Rinsing 

Water 32º 43’ 21” N 117º 13’ 10” W San Diego Bay 

Switch Station A 
(SSC Pacific PLC) UV-001 Utility Vault and 

Manhole Dewatering 32º 42’ 23” N 117º 14’ 47” W San Diego Bay 

Switch Station B 
(FLC) UV-002 Utility Vault and 

Manhole Dewatering 32º 42’ 9” N 117º 14’ 24” W San Diego Bay 

Switch Station C 
(Main Base) UV-003 Utility Vault and 

Manhole Dewatering 32º 41’ 17” N 117º 14’ 20” W San Diego Bay 

Switch Station H 
(FCTCPAC) UV-004 Utility Vault and 

Manhole Dewatering 32º 42’ 37” N 117º 14’ 58” W San Diego Bay 
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Facility Name Discharge 
Point Effluent Description Discharge 

Point Latitude 
Discharge Point 

Longitude 
Receiving 

Water 
Switch Station L 

(SSC Pacific PLC) UV-005 Utility Vault and 
Manhole Dewatering 32º 41’ 36” N 117º 15’ 0” W San Diego Bay 

Switch Station P 
(FLC) UV-006 Utility Vault and 

Manhole Dewatering 32º 42’ 25” N 117º 14’ 39” W San Diego Bay 

Switch Station V 
(NMAWS) UV-007 Utility Vault and 

Manhole Dewatering 32º 43’ 29” N 117º 13’ 8” W San Diego Bay 

Pier 5003 Vault – 1 
(Main Base) UV-008 Utility Vault and 

Manhole Dewatering 32º 41’ 24” N 117º 14’ 16” W San Diego Bay 

Pier 5003 Vault – 2 
(Main Base) UV-009 Utility Vault and 

Manhole Dewatering 32º 41’ 25” N 117º 14’ 14” W San Diego Bay 

Pier 5000 Vault – 1 
(Main Base) UV-010 Utility Vault and 

Manhole Dewatering 32º 41’ 19” N 117º 14’ 15” W San Diego Bay 

Pier 5000 Vault – 2 
(Main Base) UV-011 Utility Vault and 

Manhole Dewatering 32º 41’ 19” N 117º 14’ 14” W San Diego Bay 

Pier 5000 Vault – 3 
(Main Base) UV-012 Utility Vault and 

Manhole Dewatering 32º 41’ 21” N 117º 14’ 11” W San Diego Bay 

Pier 5000 Vault – 4 
(Main Base) UV-013 Utility Vault and 

Manhole Dewatering 32º 41’ 22” N 117º 14’ 9” W San Diego Bay 

Pier 5000 Vault – 5 
(Main Base) UV-014 Utility Vault and 

Manhole Dewatering 32º 41’ 22” N 117º 14’ 7” W San Diego Bay 

Pier 5002 Vault – 1 
(Main Base) UV-015 Utility Vault and 

Manhole Dewatering 32º 41’ 14” N 117º 14’ 11” W San Diego Bay 

Pier 5002 Vault – 2 
(Main Base) UV-016 Utility Vault and 

Manhole Dewatering 32º 41’ 15” N 117º 14’ 10” W San Diego Bay 

Pier 5002 Vault – 3 
(Main Base) UV-017 Utility Vault and 

Manhole Dewatering 32º 41’ 17” N 117º 14’ 5” W San Diego Bay 

544 Vault 
(Main Base) UV-018 Utility Vault and 

Manhole Dewatering 32º 41’ 6” N 117º 14’ 24” W San Diego Bay 

Small Municipal Separate Storm Sewer System (MS4) Discharges   

-- 

See 
Attachment  

K of this 
Order 

Storm Water (wet 
weather) and Non-
Storm Water (dry 

weather) 

See 
Attachment  K 
of this Order 

See Attachment  
K of this Order 

San Diego Bay 
and Pacific 

Ocean 

Industrial No Exposure Area Storm Water Discharges 

-- 

See 
Attachment  

K of this 
Order 

Industrial No 
Exposure Area Storm 
Water (wet weather) 

and Non-Storm Water 
(dry weather) 

See 
Attachment  K 
of this Order 

See Attachment  
K of this Order 

San Diego Bay 
and Pacific 

Ocean 

Industrial Low Risk Area Storm Water Discharges 

-- 

See 
Attachment 

K of this 
Order 

Industrial Low Risk 
Area Storm Water 
(wet weather) and 

Non-Storm Water (dry 
weather) 

See 
Attachment K 
of this Order 

See Attachment 
K of this Order 

San Diego Bay 
and Pacific 

Ocean 

Industrial High Risk Area Storm Water Discharges 
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Facility Name Discharge 
Point Effluent Description Discharge 

Point Latitude 
Discharge Point 

Longitude 
Receiving 

Water 

-- 

See 
Attachment  

K of this 
Order 

Industrial Low Risk 
Area Storm Water 
(wet weather) and 

Non-Storm Water (dry 
weather) 

See 
Attachment  K 
of this Order 

See Attachment  
K of this Order 

San Diego Bay 
and Pacific 

Ocean 

 
D. Summary of Previous Requirements and Self-Monitoring Report (SMR) Data  

 Order No. R9-2002-0002 contained industrial storm water benchmarks of 63.6 μg/L for 1.
copper and 117 μg/L for zinc.  

 For the Main Base, the discharge of the first ¼ inch of storm water runoff from all high risk 2.
areas was required to be terminated no later than two years after the adoption of Order No. 
R9-2002-0002. 

 For the Main Base, effective four years after the adoption of Order No. R9-2002-0002, the 3.
Order had two acute toxicity effluent limitations for industrial storm water.  The primary 
effluent limitation required that undiluted storm water runoff associated with industrial activity 
shall not produce less than 90% survival, 50% of the time.  The secondary effluent limitation 
required not less than 70 percent survival 10% of the time. 

 Provisions D.1, D.2, and D.3 contained in Order No. R9-2002-0002 required the Discharger 4.
to do the following: 

a. The Discharger shall reduce or prevent pollutants associated with industrial activity in 
storm water discharges and authorized non-storm water discharges through 
implementation of best available technology economically achievable (BAT) for toxic and 
non-conventional pollutants, and best conventional pollutant control technology (BCT) 
for conventional pollutants. 

 
b. The Discharger shall develop and implement a Storm Water Pollution Prevention Plan 

(SWPPP) that complies with the requirements in Attachment D, section A of Order No. 
R9-2002-0002 and that includes Best Management Practices (BMP) that achieve BAT 
and BCT. 

 
c. The Discharger shall implement the Marine Pollution Control Devices (MPCD) 

requirements for discharges from the USS ARCO floating dry dock when they are 
developed pursuant to the Uniform National Discharge Standards (UNDS) for Armed 
Forces Vessels. 

 
 Order No. R9-2002-0002 also established requirements for utility vault and manhole 5.

dewatering discharges, steam condensate, cooling water, USS ARCO ballast water, pier 
cleaning water, dolphin pools, unused San Diego Bay water, abalone tanks and bioassay 
trailer discharges, pier boom cleaning, marine mammal enclosure cleaning, small boat 
rinsing, and miscellaneous discharges.   

 The industrial storm water acute toxicity monitoring results are summarized below: 6.

 In the 2012/2013 storm year, the Navy collected 10 samples at 9 sites.  50% of the a.
samples had survival greater than 90%.  90% of the samples had survival greater than 
70%. 
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 In the 2011/2012 storm year, the Navy collected 13 samples at 10 sites.  46% of the b.
samples had less than 90% survival. 46% of the samples had less than 70% survival.  

 In the 2009/2010 storm year, the Navy collected 11 samples at 11 sites.  27% of the c.
samples had survival less than 90%.  18% of the samples had survival less than 70%. 

 In the 2008/2009 storm year, the Navy collected 11 samples.  73% of the samples had d.
survival less than 90%.  55% of the samples had survival less than 70%.  

 The industrial storm water copper and zinc benchmark monitoring results are summarized 7.
below: 

Table F-12.  Storm Water Exceedances 

Reporting Period 
Number of Outfall Discharge 

Events Exceeding Copper 
Benchmark 

Number of Outfall Discharge 
Events Exceeding Zinc 

Benchmark 
April – June 2007 14 20 

January – March 2008 7 11 
October – December 2008 26 38 
October – December 2009 10 18 

January – March 2010 11 19 
October – December 2010 10 14 

April – June 2011 2 11 
Jan - March 2012 4 7 
Oct - Dec 2012 1 2 

Jan - March 2013 12 21 
April - June 2013 3 5 
 

 
E. Compliance Summary 

 The storm water toxicity effluent limitation in section B.4.a of Order No. R9-2002-0002 as 1.
summarized above in section II.D.3 of this Fact Sheet was violated as follows: 

 In the 2012/2013 storm year, there were no acute toxicity effluent violations. a.

 In the 2011/2012 storm year, the secondary acute toxicity effluent limitation of 70% b.
survival was not met.  

 In the 2009/2010 storm year, the secondary acute toxicity effluent limitation of 70% c.
survival was not met.  

 In the 2008/2009 storm year, the primary effluent limitation of 90% survival and the  d.
secondary toxicity effluent limitation of  70% survival were not met. 

 The Discharger reported 10 discharges of unauthorized waste in violation of the prohibitions 2.
in section A of Order No. R9-2002-0002 from April 2012 through June 2013. 

 The Discharger reported industrial storm water discharge exceedances of the copper 3.
benchmark (63.6 µg/L) and the zinc benchmark (117 µg/L) as shown in Table F-12 above.  
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 On September 23, 2013, the Facility was inspected by the San Diego Water Board to 4.
determine compliance with Order No. R9-2002-0002 and to verify the information contained 
in the ROWD.  No violations were observed. 

 On May 30, 2012, the Facility was inspected by a US EPA contractor to determine 5.
compliance with Order No. R9-2002-0002.  No violations were observed. 

 On June 6, 2011, the Facility was inspected by a USEPA contractor to determine 6.
compliance with Order No. R9-2002-0002. The following major findings were identified 
during the inspection: 

a. The Facility experienced two prohibited discharges which, according to the primary on-
site Facility representative, were not reported to the San Diego Water Board as required 
by Order No. R9-2002-0002. On November 17, 2010, 0.5 gallons of lube oil spilled into 
San Diego Bay, and on April 28, 2011, between 1 and 10 gallons of fuel oil spilled into 
the Bay. 

b. The Discharger did not maintain or submit a log for any electrical vaults that discharge 
water via an automatic sump pump; however, the Discharger did monitor a 
representative sump discharge as required by Order No. R9-2002-0002 and did disclose 
the presence of the sump pumps in the 2010 Annual Report but did not provide the 
number of vaults with automatic sump pumps.  

c. Three port-a-potties designed to collect and store sanitary waste were observed near the 
middle of Pier 5002 of the NBPL-Main Base (formerly SUBASE), an identified industrial 
area, without secondary containment.  

d. A storage yard south of and adjacent to Building 511 at the Submarine Squadron Eleven 
Ship Spares/Storage, or “T-Shed”, has been designated by the Discharger as a high risk 
area. The Environmental Program Manager stated that if there are no high risk activities 
at the T-Shed storage area during a storm runoff event and the runoff does not appear to 
contain pollutants, then a sump pump may be manually activated causing the runoff to 
discharge directly to the Bay. The permit does not have a provision for any direct release 
of the first ¼ inch of storm runoff from a high risk area.  

e. During the 2009/2010 wet season, violated the secondary toxicity effluent limitation for 
industrial storm water. The Discharger identified copper and zinc as a possible source of 
the toxicity.  

 On April 20, 2010, the Facility was inspected by a USEPA contractor to determine 7.
compliance with Order No. R9-2002-0002. The following major finding was identified during 
the inspection: 

a. The Discharger's pier cleaning log did not contain the following required information:  the 
duration, the personnel in charge of the cleaning, or a summary of visual observations of 
the discharge event.   

 
 

F. Planned Changes  

 The abalone tank discharge (ABL-001) is currently located at the MSF in a trailer adjacent to 1.
the shore.  The abalone tanks and discharge will be moved to SSC Pacific PLC Building 
111.  The discharge will be comingled with the unused bay water (UBW-001) prior to 
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discharge to San Diego Bay.  When ABL -001 is moved, a new sampling location will need 
to be chosen for ABL-001 and UBW-001 to ensure that sampling for flowrate occurs before 
the discharges are comingled. 

 The existing fueling pier at FLC – San Diego will be replaced with a new pier over the next 4 2.
years.  During this construction, the marine mammal pens at NBPL will be moved to a 
location on NMAWC in the west basin of Harbor Island. 

 

III. APPLICABLE PLANS, POLICIES, AND REGULATIONS 

The requirements contained in this Order are based on the requirements and authorities described 
in this section. 

A. Legal Authorities 

This Order is issued pursuant to CWA section 402 and implementing regulations adopted by the 
USEPA and chapter 5.5, division 7 of the California Water Code (Water Code or CWC; 
commencing with section 13370).  This Order shall serve as a NPDES permit for point source 
discharges from this facility to surface waters.  This Order also serves as WDRs pursuant to 
article 4, chapter 4, division 7 of the Water Code (commencing with section 13260).  

B. California Environmental Quality Act (CEQA) 

Under Water Code section 13389, this action to adopt an NPDES permit is exempt from the 
provisions of CEQA, Public Resources Code sections 21100 through 21177. 

C. State and Federal Regulations, Policies, and Plans 

1. Water Quality Control Plans.  The San Diego Water Board adopted a Water Quality 
Control Plan for the San Diego Basin (Basin Plan) on September 8, 1994 which was last 
amended on April 25, 2007.  The Basin Plan was subsequently approved by the State 
Water Board on December 13, 1994.  Subsequent revisions to the Basin Plan have also 
been adopted by the San Diego Water Board and approved by the State Water Board.  The 
Basin Plan designates beneficial uses, establishes water quality objectives, and contains 
implementation programs and policies to achieve those objectives for all waters addressed 
through the plan.  In addition, the Basin Plan implements State Water Board Resolution No. 
88-63, which established state policy that all waters, with certain exceptions, should be 
considered suitable or potentially suitable for municipal or domestic supply.  Requirements 
of this Order implement the Basin Plan.  Beneficial uses applicable to the San Diego Bay 
and the Pacific Ocean are as follows: 
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Table F-13. Basin Plan Beneficial Uses. 
Discharge Point Receiving 

Water Name Beneficial Use(s) 

CS-001 through CS-003, PW-
001 and PW-002, MP-001 
and MP-002, ME-001 through 
ME-003, UBW-001, ABL-001, 
BW-001, BR-001 and BR-
002, UV-001 through UV-018, 
and storm water discharges 
as identified in Attachment M 
of this order. 

San Diego Bay 

Industrial service supply (IND); navigation (NAV); 
contact water recreation (REC1); non-contact water 
recreation (REC2); commercial and sport fishing 
(COMM); preservation of biological habitats of 
special significance (BIOL); estuarine habitat (EST); 
wildlife habitat (WILD); preservation of rare, 
threatened or endangered species (RARE); marine 
habitat (MAR); migration of aquatic organisms 
(MIGR); spawning, reproduction, and/or early 
development (SPWN); and, shellfish harvesting 
(SHELL). 

Storm Water Discharges, as 
identified in Attachment M of 
this order. 

Pacific Ocean 
IND, REC1, REC2, NAV, COMM, aquaculture 
(AQUA), BIOL, WILD, RARE, MAR; MIGRA, SPWN, 
and SHELL. 

 

2. Thermal Plan. The State Water Board adopted the Water Quality Control Plan for Control 
of Temperature in the Coastal and Interstate Waters and Enclosed Bays and Estuaries of 
California (Thermal Plan) on May 18, 1972, and amended this plan on September 18, 
1975. The Thermal Plan contains temperature objectives for surface waters. 
 
The Thermal Plan defines elevated temperature waste as “liquid, solid, or gaseous material 
including thermal waste discharged at a temperature higher than the natural temperature of 
receiving water.”  The Thermal Plan also defines a new discharge as “any discharge (a) 
which is not presently taking place unless waste discharge requirements have been 
established and construction as defined in Paragraph 10 has commenced prior to adoption 
of this plan or (b) which is presently taking place and for which a material change is 
proposed but no construction as defined in Paragraph 10 has commenced prior to adoption 
of this plan.”  Because the discharges of small boat rinse water and marine mammal 
enclosure cleaning water with temperatures in excess of 170°F meet the criteria of an 
elevated temperature waste, and because these discharges commenced subsequent to 
adoption of the Thermal Plan, discharges of boat rinse water and marine mammal 
enclosure cleaning water are considered new discharges of elevated temperature waste for 
the purposes of this Order. 

Thermal objectives for new discharges to an enclosed bay are applicable for the boat rinse 
water and marine mammal enclosure cleaning water.  These objectives are: 

 Elevated temperature waste discharges shall comply with limitations necessary to a.
assure protection of beneficial uses. The maximum temperature of waste discharges 
shall not exceed the natural temperature of the receiving waters by more than 20°F. 

 Thermal waste discharges having a maximum temperature greater than 4°F above the b.
natural temperature of the receiving water are prohibited. 

Requirements of this Order implement the Thermal Plan. 

3. California Ocean Plan. The State Water Board adopted the Water Quality Control Plan for 
Ocean Waters of California, California Ocean Plan (Ocean Plan) in 1972 and amended it in 
1978, 1983, 1988, 1990, 1997, 2000, 2005, 2009, and 2012. The State Water Board 
adopted the latest amendment on October 16, 2012, and it became effective on August 19, 
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2013. The Ocean Plan is applicable, in its entirety, to point source discharges to the ocean. 
The Ocean Plan identifies beneficial uses of ocean waters of the state to be protected as 
summarized below: 

Table F-14. Ocean Plan Beneficial Uses 
Discharge 

Point 
Receiving 

Water Beneficial Uses 

Storm Water 
Discharges, 
as identified 

in Attachment 
M of this 

order. 

Pacific Ocean 

Industrial water supply; water contact and non-contact 
recreation, including aesthetic enjoyment; navigation; 
commercial and sport fishing; mariculture; preservation and 
enhancement of designated Areas of Special Biological 
Significance (ASBS); rare and endangered species; marine 
habitat; fish spawning and shellfish harvesting 

 
In order to protect the beneficial uses, the Ocean Plan establishes water quality 
objectives and a program of implementation. Requirements of this Order implement the 
Ocean Plan. 

4. Sediment Quality. The State Water Board adopted the Water Quality Control Plan for 
Enclosed Bays and Estuaries – Part 1, Sediment Quality on September 16, 2008, and it 
became effective on August 25, 2009. This plan supersedes other narrative sediment 
quality objectives, and establishes new sediment quality objectives and related 
implementation provisions for specifically defined sediments in most bays and estuaries. 
Requirements of this Order implement the sediment quality objectives of this Plan. 

5. National Toxics Rule (NTR) and California Toxics Rule (CTR).  Federal water quality 
criteria were adopted by USEPA through the NTR in 40 CFR section 131.36 (promulgated 
on December 22, 1992, amended on May 4, 1995 and November 9, 1999). About forty 
criteria in the NTR applied to California waters. On May 18, 2000, USEPA published the 
CTR in the Federal Register (65 Fed. Register 31682-31719), adding 40 CFR section 
131.38. The CTR established new priority pollutant criteria for California waters and, in 
addition, incorporated the previously adopted NTR criteria that were applicable in the state. 
The CTR was amended on February 13, 2001. These regulations contain federal water 
quality criteria for priority pollutants. 

6. State Implementation Policy.  On March 2, 2000, the State Water Board adopted the 
Policy for Implementation of Toxics Standards for Inland Surface Waters, Enclosed Bays, 
and Estuaries of California (State Implementation Policy or SIP). The SIP became effective 
on April 28, 2000, with respect to the priority pollutant criteria promulgated for California by 
the USEPA through the NTR and to the priority pollutant objectives established by the San 
Diego Water Board in the Basin Plan. The SIP became effective on May 18, 2000, with 
respect to the priority pollutant criteria promulgated by the USEPA through the CTR. The 
State Water Board adopted amendments to the SIP on February 24, 2005, that became 
effective on July 13, 2005. The SIP establishes implementation provisions for priority 
pollutant criteria and objectives and provisions for chronic toxicity control. Requirements of 
this Order implement the SIP. 

7. Antidegradation Policy.  Federal regulations at 40 CFR section 131.12 require that the 
state water quality standards include an antidegradation policy consistent with the federal 
policy. The State Water Board established California’s antidegradation policy in State 
Water Board Resolution No. 68-16. Resolution No. 68-16 is deemed to incorporate the 
federal antidegradation policy where the federal policy applies under federal law. 
Resolution No. 68 16 requires that existing water quality be maintained unless degradation 
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is justified based on specific findings. The San Diego San Diego Water Board’s Basin Plan 
implements, and incorporates by reference, both the State and federal antidegradation 
policies. The permitted discharge must be consistent with the antidegradation provision of 
40 CFR section 131.12 and State Water Board Resolution No. 68-16. 

8. Anti-Backsliding Requirements.  Sections 402(o) and 303(d)(4) of the CWA and federal 
regulations at 40 CFR section 122.44(l) restrict backsliding in NPDES permits. These anti-
backsliding provisions require that effluent limitations in a reissued permit must be as 
stringent as those in the previous permit, with some exceptions in which limitations may be 
relaxed. 

9. Endangered Species Act Requirements. This Order does not authorize any act that 
results in the taking of a threatened or endangered species or any act that is now 
prohibited, or becomes prohibited in the future, under either the California Endangered 
Species Act (Fish and Game Code, §§ 2050 to 2097) or the Federal Endangered Species 
Act (16 U.S.C.A. §§ 1531 to 1544). This Order requires compliance with effluent limits, 
receiving water limits, and other requirements to protect the beneficial uses of waters of the 
state, including protecting rare, threatened, or endangered species. The Discharger is 
responsible for meeting all requirements of the applicable Endangered Species Act. 

10. Atomic Energy Act.  Pursuant to the Atomic Energy Act, the San Diego Water Board does 
not have jurisdictional authority to regulate the discharge of radioactive wastes from U.S. 
naval nuclear propulsion plants and their support facilities.  The U.S. Department of the 
Navy and the Department of Energy have jurisdiction for discharges of radioactive material.  
The Navy has a monitoring program for the discharge of radioactive wastes from naval 
vessels.  Consistent with the Atomic Energy Act, this Order does not regulate the discharge 
of radioactive wastes and does not include monitoring for radioactivity. 

11. Uniform National Discharge Standards (UNDS).  In 1996, Congress passed legislation 
amending CWA section 312 to provide the Department Of Defense and the USEPA 
authority to jointly establish UNDS for incidental discharges from vessels of the Armed 
Forces in state waters and the contiguous zone.  This comprehensive, three-phase, 
regulatory program applies to vessels of the Armed Forces including, but not limited to, the 
Navy, Military Sealift Command, Marine Corps, Army, Air Force, and Coast Guard.  UNDS 
is designed to enhance environmental protection of coastal waters by creating protective 
standards to reduce environmental impacts associated with vessel discharges, stimulate 
the development of improved pollution control devices, and advance the development of 
environmentally sound ships by the Armed Forces. The Phase I final rule and preamble 
language, including a summary of the Phase I process and findings (64 Fed. Reg. 25126; 
40 CFR part 1700), was published in the Federal Register on May 10, 1999.  Phase I of 
UNDS determines the types of vessel discharges that require control by a Marine Pollution 
Control Device (MPCD) and those that do not require control, based on consideration of the 
anticipated environmental effects of the discharge and other factors listed in the CWA.  In 
Phase I, the USEPA and the Department Of Defense identified 25 discharges to be 
controlled by MPCDs. Phase II of UNDS development focuses on promulgating MPCD 
performance standards for those vessel discharges identified during Phase I as requiring 
an MPCD. In this Phase, Department Of Defense and USEPA are establishing discharge 
performance standards for different classes, types, and sizes of vessels. These standards 
are specific to existing vessels as well as future (new design) vessels and will be 
promulgated in batches for efficiency purposes.  A draft rule establishing MPCD for the first 
batch of 11 discharges was promulgated in July 2013.  A final rule for this first batch of 
discharges is expected in June 2014.  Phase III of UNDS development will focus on 
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establishing requirements for the design, construction, installation, and use of MPCDs.  
After completion of Phase III, states will be prohibited from regulating these UNDS 
discharges.  In anticipation of the completion of UNDS, this Order does not regulate vessel 
discharges with applicable MPCDs (as BMPs) identified in the draft UNDS rule. 

D. Impaired Water Bodies on CWA 303(d) List 

Under Section 303(d) of the 1972 CWA, states, territories and authorized tribes are required to 
develop lists of water quality limited segments.  The waters on these lists do not meet water 
quality standards, even after point sources of pollution have installed the minimum required 
levels of pollution control technology.  On October 11, 2011 USEPA gave final approval to 
California's 2010 Section 303(d) List of Water Quality Limited Segments.  The San Diego Bay, 
as a whole, is listed as impaired for polychlorinated biphenyls (PCBs).  Additional portions of the 
San Diego Bay are listed as impaired for additional parameters.  The Pacific Ocean adjacent to 
the Facility is not listed as impaired.  Table F-15 below lists the San Diego Bay impairments 
near the Facility. Total Maximum Daily Loads (TMDLs) have not been developed for waters 
adjacent to the Facility.   

Table F-15. San Diego Bay 303(d) Impairments near the Facility 
Water Body Location Constituent Installation 

San Diego Bay Whole Bay Polychlorinated biphenyls (PCBs) 
NMAWC, SSC Pacific PLC, 
Main Base, MSF, FLC – San 

Diego, FITCPAC 

San Diego Bay  Shoreline, Shelter 
Island Shoreline Park Enterococcus Near SSC Pacific PLC1 

San Diego Bay  Shoreline, Shelter 
Island Shoreline Park Fecal Coliform Near SSC Pacific PLC1 

San Diego Bay  Shoreline, Shelter 
Island Shoreline Park Total Coliform Near SSC Pacific PLC1 

San Diego Bay Shelter Island Yacht 
Basin Dissolved Copper Near SSC Pacific PLC1, 2 

San Diego Bay Americas Cup Harbor Copper NMAWC 

San Diego Bay Shoreline, at Harbor 
Island (West Basin) Copper NMAWC and FITCPAC 

San Diego Bay Shoreline, at Spanish 
Landing Total Coliform NMAWC and FITPAC 

San Diego Bay Near Sub Base 
(NBPL Main Base) Benthic Community Effects NMAWC, SSC Pacific PLC, 

Main Base, MSF 

San Diego Bay Near Sub Base 
(NBPL Main Base) Toxicity NMAWC, SSC Pacific PLC, 

Main Base, MSF 

San Diego Bay Near Sub Base 
(NBPL Main Base) Sediment Toxicity NMAWC, SSC Pacific PLC, 

Main Base, MSF 
1 These impairments are not adjacent to the Facility but are near the Facility. 
2 A TMDL has been developed for Shelter Island Yacht Basin.  Information regarding the Shelter Island 

Yacht Basin is included for informational purposes only due to the proximity to the Facility.  The 
technical report for the Shelter Island Yacht Basin TMDL does not indicate the Facility is an 
applicable discharger, thus the implementation of this TMDL is not applicable to this Order. 

 

E. Other Plans, Polices and Regulations 

1. Bays and Estuaries Policy.   The State Water Board adopted a Water Quality Control 
Policy for Enclosed Bays and Estuaries of California (Bays and Estuaries Policy) on May 16, 
1974 (last amended in 1995).  The Bays and Estuaries Policy establishes principles for 
management of water quality, quality requirements for waste discharges, discharge 
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prohibitions, and general provisions to prevent water quality degradation and to protect the 
beneficial uses of waters of enclosed bays and estuaries.  These principles, requirements, 
prohibitions and provisions have been incorporated into this Order. 

a. The Bays and Estuaries Policy contains the following principle for management of water 
quality in enclosed bays and estuaries, which includes San Diego Bay: 

i. The discharge of municipal wastewaters and industrial process waters (exclusive of 
cooling water discharges) to enclosed bays and estuaries shall be phased out at the 
earliest practicable date.  Exceptions to this provision may be granted by a San 
Diego Water Board only when the San Diego Water Board finds that the wastewater 
in question would consistently be treated and discharged in such a manner that it 
would enhance the quality of receiving waters above that which would occur in the 
absence of the discharge.  For the purpose of this policy, ballast waters and 
innocuous non-municipal wastewaters such as clear brines, washwater, and pool 
drains are not necessarily considered industrial process wastes, and may be allowed 
by San Diego Water Boards under discharge requirements that provide protection to 
the beneficial uses of the receiving water.  

 
 For the purpose of the Bays and Estuaries Policy and this Order, the discharges of 

dechlorinated discharges from topside chlorinating/dechlorinating units, ballast water, 
pier washing wastewater, marine mammal training pool and cleaning wastewater, 
returned unused San Diego Bay water from Building 111, abalone tank wastewater, 
pier boom cleaning wastewater, small boat rinsing wastewater, other miscellaneous 
facility-related discharges identified in the Discharger’s ROWD storm water, and 
utility vault dewatering wastewater will be considered innocuous non-municipal 
wastewaters and, as such, are not considered industrial process wastes subject to 
prohibition. 

 
ii. The Bays and Estuaries Policy also prohibits the discharge or by-passing of 

untreated wastes.  This Order prohibits the discharge and by-passing of untreated 
waste except for dechlorinated discharges from topside chlorinating/dechlorinating 
units, ballast water, pier washing wastewater, marine mammal training pool and 
cleaning wastewater, returned unused San Diego Bay water from Building 111, 
abalone tank wastewater, pier boom cleaning wastewater, small boat rinsing 
wastewater, other miscellaneous facility-related discharges identified in the 
Discharger’s ROWD storm water, and utility vault dewatering wastewater.   

b. The following Principles for the Management of Water Quality in Enclosed Bays and 
Estuaries, as stated in the Bays and Estuaries Policy, apply to all of California’s 
enclosed bays and estuaries including San Diego Bay: 

i. Persistent or cumulative toxic substances shall be removed from the waste to the 
maximum extent practicable through source control or adequate treatment prior to 
discharge. 

ii. Bay or estuarine outfall and diffuser systems shall be designed to achieve the most 
rapid initial dilution practicable to minimize concentrations of substances not 
removed by source control or treatment. 

iii. Wastes shall not be discharged into or adjacent to areas where the protection of 
beneficial uses requires spatial separation from waste fields. 
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iv. Waste discharges shall not cause a blockage of zones of passage required for the 
migration of anadromous fish. 

v. Non-point sources of pollutants shall be controlled to the maximum practicable 
extent. 

The San Diego Water Board has considered the Principles for the Management of Water 
Quality in Enclosed Bays in Estuaries, in adopting this Order.  The terms and conditions 
of this Order are consistent with the Principles for the Management of Water Quality in 
Enclosed Bays and Estuaries. 

 
IV. RATIONALE FOR EFFLUENT LIMITATIONS AND DISCHARGE SPECIFICATIONS 

The CWA requires point source dischargers to control the amount of conventional, non-
conventional, and toxic pollutants that are discharged into the waters of the U.S. The control of 
pollutants discharged is established through effluent limitations and other requirements in NPDES 
permits. There are two principal bases for effluent limitations in the CFR: 40 CFR section 122.44(a) 
requires that permits include applicable technology-based effluent limitations (TBELs) and 
standards; and 40 CFR section 122.44(d) requires that permits include water quality-based effluent 
limitations (WQBELs) to attain and maintain applicable numeric and narrative water quality criteria 
to protect the beneficial uses of the receiving water. 
 
A. Discharge Prohibitions 

1. Discharge Prohibition III.A.  Ship repair and maintenance activities may result in the 
discharge of pollutants and wastes to waters of the U.S.  Discharge Prohibition III.A prohibits 
the discharge of wastes associated with ship repair and maintenance activities.  This 
prohibition is based on the requirements of the Enclosed Bays and Estuaries Policy and is 
retained from Order No. R9-2002-0002. 

2. Discharge Prohibition III.B.  As discussed in section III.C.2 of this Fact Sheet, the 
discharges from small boat rinsing, marine mammal pools, and marine mammal enclosure 
cleaning are considered a new discharge of elevated temperature waste.  The specific water 
quality objective for enclosed bays for new discharges contained in the Thermal Plan states 
that “elevated temperature waste discharges shall comply with limitations necessary to 
assure protection of beneficial uses.  The maximum temperature of waste discharges shall 
not exceed the natural temperature of the receiving waters by more than 20°F.”  Discharge 
Prohibition III.B is based on the requirements of the Thermal Plan. 

3. Discharge Prohibitions III.C, III.D, and III.E. The Basin Plan prohibitions are incorporated 
by reference in this Order.  Prohibition III.C, III.D, and III.E are carried over from the previous 
Order and require the Discharger to comply with the Basin Plan prohibitions. 

4. Discharge Prohibition III.F. This prohibition of non-storm water discharges not specifically 
regulated by this Order or a separate NPDES order is based on a Basin Plan prohibition. 

5. Discharge Prohibition III.G.  Waste discharges from ship repair and maintenance activities 
on ships, piers, and shoreside facilities can cause high concentrations of copper, zinc, other 
metals, and oil and grease in industrial storm water runoff.  High concentrations of these 
pollutants in the industrial storm water runoff can be toxic to aquatic organisms.  Discharge 
Prohibition III.F is based on the toxicity requirements contained in the Basin Plan and 
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prohibits the discharge of the first ¼ inch (first flush) of storm water runoff from High Risk 
areas unless the discharge can be demonstrated to meet the limits of this Order. 

6. Discharge Prohibition III.H.  This Prohibition is based on the requirements of the Bays and 
Estuaries Policy and is consistent with prohibitions established for similar facilities. 

7. Discharge Prohibition III.I. This Order prohibits the discharge of hazardous substances 
equal to or in excess of reportable quantities listed in 40 CFR part 117 and/or CFR part 302. 

8. Discharge Prohibition III.J.  This prohibition to discharge total residual chlorine for more 
than two hours per calendar day is based on the Ocean Plan.  This Order contains a total 
residual chlorine effluent limitation based on an Ocean Plan water quality objective applying 
to intermittent discharges not exceeding two hours. 

B. Technology-Based Effluent Limitations (TBELs) 

1. Scope and Authority 

Section 301(b) of the CWA and implementing USEPA permit regulations at section 40 CFR 
section 122.44 require that permits include conditions meeting applicable technology-based 
requirements at a minimum, and any more stringent effluent limitations necessary to meet 
applicable water quality standards.  The discharges authorized by this Order must meet 
minimum federal technology-based requirements based on Best Professional Judgment 
(BPJ) in accordance with 40 CFR section 125.3. 

The CWA requires that TBELs be established based on several levels of controls: 

a. Best practicable treatment control technology (BPT) represents the average of the best 
performance by plants within an industrial category or subcategory.  BPT standards 
apply to toxic, conventional, and non-conventional pollutants. 

b. Best available technology economically achievable (BAT) represents the best existing 
performance of treatment technologies that are economically achievable within an 
industrial point source category.  BAT standards apply to toxic and non-conventional 
pollutants. 

c. Best conventional pollutant control technology (BCT) represents the control from existing 
industrial point sources of conventional pollutants including Biochemical Oxygen 
Demand 5-day @ 20 ºC (BOD), Total Suspended Solids (TSS), fecal coliform, pH, and 
oil and grease.  The BCT standard is established after considering the “cost 
reasonableness” of the relationship between the cost of attaining a reduction in effluent 
discharge and the benefits that would result, and also the cost effectiveness of additional 
industrial treatment beyond BPT. 

d. New source performance standards (NSPS) represent the best available demonstrated 
control technology standards.  The intent of NSPS guidelines is to set limitations that 
represent state-of-the-art treatment technology for new sources. 

The CWA requires USEPA to develop effluent limitations guidelines and standards (ELGs) 
representing application of BPT, BAT, BCT, and NSPS.  Section 402(a)(1) of the CWA and 
40 CFR section 125.3 authorize the use of BPJ to derive TBELs on a case-by-case basis 
where ELGs are not available for certain industrial categories and/or pollutants of concern.  



UNITED STATES DEPARTMENT OF THE NAVY ORDER NO. R9-2014-0037  
NAVAL BASE POINT LOMA COMPLEX NPDES NO. CA0109363 
 

 
Attachment F – Fact Sheet -- Rationale For Effluent Limitations and Discharge Specifications F-33 

Where BPJ is used, the San Diego Water Board must consider specific factors outlined in 
40 CFR 125.3. 

2. Applicable TBELs 

a. Topside Chlorinator/ Dechlorinator Units. The UNDS program overseen through a 
partnership between the USEPA and the Department of Defense is developing MPCDs 
for certain discharges from Armed Forces vessels including cooling water.  The 
discharge of dechlorinated cooling water will be regulated by UNDS.  This Order 
requires the development of a BMP plan for the chlorinator /dechlorinator units that 
incorporates BMPs included in the July 2013 draft federal rule proposing MPCDs for 
vessel cooling water discharges.  

 
b. Utility Vaults.  The State Water Board found in section V.B.2 of the Fact Sheet to Order 

No. 2006-0008-DWQ that it is not feasible to establish numeric effluent limitations for 
pollutants in discharges from utility vaults and underground structures.  Instead, the 
State Water Board included a provision in Order No. 2006-0008-DWQ requiring 
implementation of pollution prevention practices to control and abate the discharge of 
pollutants to surface waters, achieve compliance utilizing BAT and BCT requirements, 
and achieve compliance with applicable water quality standards.  Federal Regulations at 
40 CFR sections 122.44(k)(3) and (4) authorize the San Diego Water Board to require 
BMPs to control or abate the discharge of pollutants when numeric effluent limitations 
are infeasible and when the practices are reasonably necessary to achieve effluent 
limitations and standards or to carry out the purposes and intent of the CWA.  Consistent 
with the requirements of the Order No. 2006-0008-DWQ and Order No. R9-2002-0002, 
this Order includes a provision requiring the Discharger to continue the implementation 
and maintenance of their BMPs and Pollution Prevention Plan for Utility Vault and 
Manhole Dewatering Discharges (Utility Vault Plan) which includes BMPs to reduce the 
discharge of pollutants from utility vault and manhole dewatering.  The Utility Vault Plan 
requirements have been revised from Order No. R9-2002-0002 to reflect the 
requirements in Order No. 2006-0008-DWQ. 

 
c. Pier Washing, Pier Boom Cleaning, and Small Boat Rinsing.  Due to the nature of 

activities associated with discharges from pier washing, pier boom cleaning, and small 
boat rinsing, it is impractical to collect and treat the associated wastewaters prior to 
discharge.  Therefore, the San Diego Water Board finds that it is not feasible to establish 
numeric effluent limitations for pollutants in discharges from pier washing, pier boom 
cleaning, and small boat rinsing.  In accordance with 40 CFR sections 122.44(k)(3) and 
(4), the San Diego Water Board finds that the implementation of BMPs in lieu of numeric 
effluent limitations are appropriate.  This Order includes a provision requiring the 
implementation of BMPs to control and abate the discharge of pollutants from pier 
washing, pier boom cleaning, and small boat rinsing. 

 
d. Unused Bay Water from Building 111.  Water from San Diego Bay is pumped to a 

holding tank at the top of Building 111 for use in the laboratories within the building and 
the Abalone Tanks adjacent to the building.  Wastewater from the laboratories is routed 
to the sanitary sewer.  Unused stored Bay Water is periodically allowed to flow back to 
the Bay.  The amount of water returned to the Bay is minimal (oftentimes zero) and does 
not contain any additives. 

 
e. Marine Mammal Training Pool, Marine Mammal Enclosure, and Abalone Tank 

Discharges.  40 CFR section 122.24 and Appendix C of 40 CFR part 122 contain the 
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definition and criteria for determining whether an aquatic animal production facility is a 
point source discharge subject to the NPDES permit program. Federal courts have 
recently issued rulings that aquatic facilities, which do not meet the definition of a 
Concentrated Aquatic Animal Production Facility (CAAPF) in 40 CFR section 122.24, are 
not point source discharges and therefore are not required to obtain NPDES permit 
coverage. These sections of 40 CFR are reproduced below.  Most recently, on October 
19, 2009, the U.S. District Court for the Western District of Washington issued a decision 
upholding the position that where a CAAPF falls below certain thresholds, they will not 
be considered "point sources" subject to NPDES permit requirements.  

 
Concentrated Aquatic Animal Production Facility (CAAPF) which are defined in 40 
CFR § 122.24 and Appendix C to Part 122.   

Appendix C to Part 122—Criteria for Determining a Concentrated Aquatic Animal 
Production Facility (§122.24) 

A hatchery, fish farm, or other facility is a concentrated aquatic animal production 
facility for purposes of §122.24 if it contains, grows, or holds aquatic animals in either 
of the following categories: 

(a) Cold water fish species or other cold water aquatic animals in ponds, raceways, 
or other similar structures which discharge at least 30 days per year but does not 
include: 

(1) Facilities which produce less than 9,090 harvest weight kilograms (approximately 
20,000 pounds) of aquatic animals per year; and 

(2) Facilities which feed less than 2,272 kilograms (approximately 5,000 pounds) of 
food during the calendar month of maximum feeding. 

(b) Warm water fish species or other warm water aquatic animals in ponds, 
raceways, or other similar structures which discharge at least 30 days per year, but 
does not include: 

(1) Closed ponds which discharge only during periods of excess runoff; or 

(2) Facilities which produce less than 45,454 harvest weight kilograms 
(approximately 100,000 pounds) of aquatic animals per year. 

“Cold water aquatic animals” include, but are not limited to, the Salmonidae family of 
fish; e.g., trout and salmon. 

“Warm water aquatic animals” include, but are not limited to, the Ameiuride, 
Centrarchidae and Cyprinidae families of fish; e.g., respectively, catfish, sunfish and 
minnows. 

The dolphins and sea lions at NBPL live in a relatively warm water environment in San 
Diego Bay.  Combining all marine mammal training activities, the total weight of marine 
mammals maintained in the program is approximately 32,400 pounds.  The Facility 
produces approximately 50 pounds of abalone per year.  Based on this information, the 
Facility falls below the aquatic animal production threshold described in 40 CFR section 
122.24 and Appendix C of 40 CFR part 122.  The San Diego Water Board has 
determined that the marine mammal training discharges from the pools and enclosures 
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and the abalone tank discharge at NBPL are not a significant contributor of pollution to 
waters of the U.S. and does not warrant a case-by-case designation as a CAAPF point 
source discharge pursuant to 40 CFR section 122.24(c).  Based on these 
considerations, the Facility does not meet the definition of a CAAPF, and is not required 
to obtain NPDES permit coverage for these discharges. 

Although the aquatic animal discharge from the Facility does not require an NPDES 
permit, the San Diego Water Board is still required to regulate the Facility as a nonpoint 
source discharge, using the administrative permitting authorities provided in state law 
pursuant to the California Water Code.  This Order serves as state WDRs which 
implement nonpoint source requirements as well as an NPDES Permit.  This Order 
requires the Navy to develop and implement a BMP Plan for marine mammal enclosure 
cleaning, marine mammal training pool discharges, and abalone tank discharges in 
Provision VI.C.3.b.  Monitoring to track the size and frequency of these discharges is 
required by this Order.  Due to the nature of the marine mammal enclosure cleaning, it is 
impractical to collect an accurate, representative sample of these discharges.  A log is 
required in lieu of sample collection for the marine mammal pool discharges because the 
discharges are short term and are a result of taking animals from San Diego Bay and 
then returning them to the Bay. Only flow reporting is required for the abalone tank 
discharges to ensure that the operation does not increase significantly.  Because the 
discharge is very small and any water contamination would harm the abalone, no 
additional monitoring is required at this time.     

f. Small (Military Base) MS4.  In accordance with 40 CFR section 122.44(k), the inclusion 
of BMPs in lieu of numeric effluent limitations is appropriate in storm water permits.  The 
Discharger must implement BMPs that reduce pollutants in storm water runoff to the 
technology-based standard of Maximum Extent Practicable (MEP) to protect water 
quality.  This Order requires the Discharger to develop and implement a SWMP that 
describes BMPs, measurable goals, and timetables for implementation in the six 
minimum control measures identified in 40 CFR section 122.34(b).  This approach is 
consistent with the requirements of the current Naval Base San Diego Permit which 
includes regulation of Phase II MS4 storm water discharges (Order No. R9-2013-0064). 

 
g. Industrial Storm Water.  In accordance with 40 CFR section 122.44(k), Order No. R9-

2002-0002 determined that the implementation of BMPs for the discharge of industrial 
storm water were appropriate.  To carry out the purpose of the CWA, Order No. R9-
2002-0002 required the Discharger to develop and implement a SWPPP, as authorized 
by CWA section 304(e) and section 402(p), for toxic pollutants and hazardous 
substances, and for the control of storm water discharges.  The requirement to 
implement an appropriate SWPPP for areas associated with industrial activity is retained 
from Order No. R9-2002-0002. 
 
In addition to the retention of a SWPPP, this Order establishes Numeric Action Levels 
(NALs) for storm water from Industrial High Risk Areas and Industrial Low Risk Areas in 
lieu of benchmarks. 

The statewide Industrial Storm Water General Permit was adopted on April 1, 2014, by 
the State Water Board and will be effective on July 1, 2015.  This statewide Industrial 
Storm Water General Permit contains NALs based on benchmarks in USEPA’s Multi-
Sector General Permit for Stormwater Discharges Associated with Industrial Activity 
(MSGP) which became effective May 27, 2009.  Consistent with the intent of the State 
Water Board, this Order establishes NALs with a tiered compliance strategy.  The San 



UNITED STATES DEPARTMENT OF THE NAVY ORDER NO. R9-2014-0037  
NAVAL BASE POINT LOMA COMPLEX NPDES NO. CA0109363 
 

 
Attachment F – Fact Sheet -- Rationale For Effluent Limitations and Discharge Specifications F-36 

Diego Water Board finds that the State Water Board’s NALs serve as an appropriate set 
of technology-based, measureable criteria that demonstrate compliance with BAT/BCT. 
 

h. Non-storm water Discharges.  Non-storm water discharges as described in section 
IV.F of this Order include a wide variety of sources and may contribute significant 
pollutant loads to receiving waters.  Measures to control spills, leakage, and dumping, 
and to prevent illicit connections must be addressed through structural as well as non-
structural BMPs.  The San Diego Water Board recognizes, however, that certain non-
storm water discharges may be necessary for general operation.  Therefore, this Order 
authorizes such discharges provided they meet certain conditions that will minimize the 
discharge of pollutants to the receiving waters.  

i. Dry Dock Operation Discharge Specification.  Dry dock operations represent a high 
risk of discharge of pollutants if not conducted properly.  Good BMPs and housekeeping 
on a regular basis is essential to prevent the release of pollutants.  

 

C. Water Quality-Based Effluent Limitations (WQBELs) 

1. Scope and Authority 

Section 301(b) of the CWA and 40 CFR section 122.44(d) require that permits include 
limitations more stringent than applicable technology-based requirements where necessary 
to achieve applicable water quality standards.   

Section 122.44(d)(1)(i) of 40 CFR mandates that permits include effluent limitations for all 
pollutants that are or may be discharged at levels with the reasonable potential to cause or 
contribute to an exceedance of a water quality standard, including numeric and narrative 
objectives within a standard.  Where reasonable potential has been established for a 
pollutant, but no numeric criterion or objective for the pollutant has been established, 
WQBELs must be established using:  (1) USEPA criteria guidance under CWA section 
304(a), supplemented where necessary by other relevant information; (2) an indicator 
parameter for the pollutant of concern; or (3) a calculated numeric water quality criterion, 
such as a proposed state criterion or policy interpreting the state’ s narrative criterion, 
supplemented with other relevant information, as provided in 40 CFR section 
122.44(d)(1)(vi). 

The process for determining reasonable potential and calculating WQBELs when necessary 
is intended to protect the designated uses of the receiving water as specified in the Basin 
Plan, and achieve applicable water quality objectives and criteria that are contained in other 
state plans and policies, or any applicable water quality criteria contained in the CTR and 
NTR. 

2. Applicable Beneficial Uses and Water Quality Criteria and Objectives 

a. The Basin Plan designates beneficial uses, establishes water quality objectives, and 
contains implementation programs and policies to achieve those objectives for all waters 
addressed through the Basin Plan.  The beneficial uses applicable to the San Diego Bay 
contained in the Basin Plan are summarized in section III.C.1 of this Fact Sheet.  The 
Basin Plan includes both narrative and numeric water quality objectives applicable to the 
receiving waters. 
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The CTR promulgated toxics criteria for California and, in addition, incorporated the 
previously adopted NTR criteria that were applicable in the state.  Priority pollutant water 
quality criteria in the CTR are applicable to discharges to the San Diego Bay.  The CTR 
contains both saltwater and freshwater criteria.  Because a distinct separation generally 
does not exist between freshwater and saltwater aquatic communities, the following 
apply: in accordance with 40 CFR section 131.38(c)(3), freshwater criteria apply to areas 
where salinities are at or below 1 part per thousand (ppt) 95 percent or more of the time.  
The San Diego Water Board has determined that because the discharges are to San 
Diego Bay, saltwater CTR criteria are applicable.  The CTR criteria for saltwater aquatic 
life or human health for consumption of organisms, whichever is more stringent, are 
used to prescribe the effluent limitations in this Order to protect the beneficial uses of the 
San Diego Bay, a water of the U.S. in the vicinity of the discharges. 
 
The SIP procedures for implementation of CTR and NTR criteria are not explicitly 
applicable to storm water discharges.  However, the toxicity objectives contained in the 
Basin Plan and the Bays and Estuary Policy are applicable to the discharge of storm 
water from Facility to the San Diego Bay.  The applicable toxicity limitations are 
discussed in this section of the Fact Sheet. 

The SIP procedures for implementation of CTR and NTR criteria are applicable to non-
storm water discharges.  The non-storm water discharges from the Facility to San Diego 
Bay include discharges associated with portable topside chlorinator units, pier washing, 
marine mammal pools, marine mammal enclosure cleaning, returned unused San Diego 
Bay water from Building 111, the abalone tank, pier boom cleaning, small boat rinsing, 
and utility vault and manhole dewatering. A Reasonable Potential Analysis (RPA) was 
conducted for the non-storm water discharges to the San Diego Bay using all the 
available data.   
 
Representative monitoring of utility vault and manhole dewatering discharges was 
conducted and evaluated at various locations and submitted in the annual reports for 
years 2003, 2004, 2007, and 2008 and in the Discharger’s Case Study for Utility Vault 
and Manhole Dewatering Discharges at Naval Base Point Loma, Naval Base San Diego, 
and Naval Base Coronado.   

Receiving water monitoring in the vicinity of the discharges was not conducted. 
 
Monitoring for priority pollutants in the discharges associated with portable topside 
chlorinator units, pier washing, marine mammal pools, marine mammal enclosure 
cleaning, unused returned San Diego Bay water from Building 111, the abalone tank, 
pier boom cleaning, and small boat rinsing, and receiving water monitoring was 
conducted and submitted in the Discharger’s May 2007 permit renewal application.   
 
The table below summarizes the applicable water quality criteria/objectives for priority 
pollutants reported in detectable concentrations in the effluent or receiving water.  These 
criteria were used in conducting the RPAs for this Order. 
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Table F-16. Applicable CTR/NTR Water Quality Criteria  

Constituent 
Selected 
Criteria 

CTR/NTR Water Quality Criteria 

Freshwater Saltwater Human Health for 
Consumption of: 

Acute Chronic Acute Chronic Water & 
Organisms 

Organisms 
Only 

µg/L µg/L µg/L µg/L µg/L µg/L µg/L 
Antimony, Total 
Recoverable 4,300 

Not  
Applicable 

-- -- 

Not 
Applicable 

4,300 

Arsenic, Total 
Recoverable 36 69 36 -- 

Beryllium, Total 
Recoverable No Criteria -- -- -- 

Cadmium, Total 
Recoverable 9.36 42.25 9.36 -- 

Chromium (III) No Criteria -- -- -- 
Chromium (VI) 50 1,100 50 -- 
Copper, Total 
Recoverable 3.73 5.78 3.73 -- 

Cyanide, Total 
Recoverable 1 1 1 -- 

Lead, Total Recoverable 8.52 220.82 8.52 -- 
Mercury, Total 
Recoverable 0.051 -- -- 0.051 

Nickel, Total 
Recoverable 8.28 74.75 8.28  

4,600 
Silver, Total 
Recoverable 2.24 2.24 -- -- 

Selenium, Total 
Recoverable 71 290 71 -- 

Thallium, Total 
Recoverable 6.3 -- -- 6.3 

Zinc, Total Recoverable 85.62 95.14 85.62 -- 
     

Bromoform 360 -- -- 360 
Chlorodibromomethane 34 -- -- 34 
Chloroform No Criteria -- -- -- 
Dichlorobromomethane 46 -- -- 46 
Methyl Chloride No Criteria -- -- -- 
Methylene Chloride 1,600 -- -- 1,600 
Phenol 4,600,000 -- -- 4,600,000 
Acenaphthene 2,700 -- -- 2,700 
Acenaphthylene No Criteria -- -- -- 
Anthracene 110,000 -- -- 110,000 
Benzo (a) Anthracene 0.049 -- -- 0.049 
Benzo (a) Pyrene 0.049 -- -- 0.049 
Benzo (b) Fluoranthene 0.049 -- -- 0.049 
Benzo (ghi) Perylene No Criteria -- -- -- 
Benzo (k) Fluoranthene 0.049 -- -- 0.049 
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Constituent 
Selected 
Criteria 

CTR/NTR Water Quality Criteria 

Freshwater Saltwater Human Health for 
Consumption of: 

Acute Chronic Acute Chronic Water & 
Organisms 

Organisms 
Only 

µg/L µg/L µg/L µg/L µg/L µg/L µg/L 
Bis (2-ethylhexyl) 
Phthalate 5.9 -- -- 5.9 

Butylbenzyl Phthalate 5,200 -- -- 5,200 
Chrysene 0.049 -- -- 0.049 
Dibenzo (a,h) 
Anthracene 0.049 -- -- 0.049 

Diethyl Phthalate 120,000 -- -- 120,000 
Dimethyl Phthalate 2,900,000 -- -- 2,900,000 
Di-n-butyl Phthalate 12,000 -- -- 12,000 
Di-n-octyl Phthalate No Criteria -- -- -- 
1,2-Diphenylhydrazine 0.54 -- -- 0.54 
Fluoranthene 370 -- -- 370 
Fluorene 14,000 -- -- 14,000 
Indeno (1,2,3-cd) 
Pyrene 0.049 -- -- 0.049 

Naphthalene No Criteria -- -- -- 
Nitrobenzene 1,900 -- -- 1,900 
Phenanthrene No Criteria -- -- -- 
Pyrene 11,000 -- -- 11,000 
1,2,4-Trichlorobenzene No Criteria -- -- -- 

 

b. Dilution Credits.  Section 1.4.2 of the SIP establishes procedures for granting 
mixing zones and the assimilative capacity of the receiving water.  Before 
establishing a dilution credit for a discharge, it must first be determined if, and how 
much, receiving water is available to dilute the discharge.   
 
In the absence of a dilution credit, the worst-case dilution is assumed to be zero to 
provide protection for the receiving water beneficial uses.  The impact of assuming 
zero assimilative capacity within the receiving water is that discharge limitations are 
applied end-of-pipe with no allowance for dilution within the receiving water. 

 

3. Determining the Need for WQBELs 

Federal regulations require effluent limitations for all pollutants that are or may be 
discharged at a level that will cause or have the reasonable potential to cause, or contribute 
to an in-stream excursion above a narrative or numerical water quality standard.   
 
The San Diego Water Board conducted the RPA in accordance with section 1.3 of the SIP.  
A summary of the results for the parameters which demonstrated reasonable potential, for 
each applicable discharge, is provided in the tables below.  
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Table F-17. Summary of RPA Results 

Discharge Location 
No. Parameter 

Maximum 
Effluent 

Concentration 
(MEC) (µg/L) 

Background 
(B) 

(µg/L) 

Criteria 
(C) 

(µg/L) 
Reason1 

CS-001 through  
CS-003 

(Portable Topside 
Chlorinator Units) 

Copper, Total 
Recoverable 23.38 0.82 3.73 MEC > C 

Nickel, Total Recoverable 23.84 0.278 8.28 MEC > C 

Utility Vault and 
Manhole Dewatering 

(UV-001 through 
UV-018) 

Arsenic, Total 
Recoverable 70 NA 36 MEC > C 

Chromium, Total 
Recoverable 59 NA 50.35 MEC > C 

Copper, Total 
Recoverable 520 NA 3.73 MEC > C 

Lead, Total Recoverable 130 NA 8.52 MEC > C 
Mercury, Total 
Recoverable 1.5 NA 0.051 MEC > C 

Nickel, Total Recoverable 32 NA 8.28 MEC > C 
Zinc, Total Recoverable 4,500 NA 85.62 MEC > C 
Benzo (a) Anthracene 0.087 NA 0.049 MEC > C 
Benzo (a) Pyrene 0.17 NA 0.049 MEC > C 
Benzo (b) Fluoranthene 0.48 NA 0.049 MEC > C 
Benzo (k) Fluoranthene 0.061 NA 0.049 MEC > C 
Chrysene 0.13 NA 0.049 MEC > C 
Indeno (1,2,3-cd) Pyrene 0.072 NA 0.049 MEC > C 

1 MEC = Maximum Effluent Concentration; B = Background Concentration; C = Criteria (Water Quality) 
2 Step 6 of section 1.3 of the SIP states that if B is greater than C and the pollutant is detected in the effluent, an 

effluent limitation is required and the analysis for the subject pollutant is complete. 
 

4. WQBEL Calculations 

 Utility Vaults. As shown in Table F-17, the San Diego Water Board finds that a.
discharges from utility vault and manhole dewatering have the reasonable potential to 
exceed water quality criteria for several priority pollutants.  However, section V.C.3 of the 
Fact Sheet to Order No. 2006-0008-DWQ states that “establishment of numeric effluent 
limitations for pollutants from utility vaults and underground structures is not feasible 
because: (1) utility companies have numerous short duration intermittent releases of 
water to surface waters from many different locations, and (2) treatment of all these 
releases to meet numeric effluent limitations would be impractical.”  Consistent with 
Order No. 2006-0008-DWQ and Order No. R9-2002-0002, the San Diego Water Board 
is not establishing effluent limitations for utility vaults and manholes in this Order.  This 
Order includes a provision requiring the Discharger to continue the implementation and 
maintenance of their Utility Vault Plan which includes BMPs to reduce the discharge of 
pollutants from utility vault and manhole dewatering. 

 Discharges associated with pier washing, marine mammal enclosure cleaning, b.
marine mammal pool, unused returned bay water, pier boom cleaning, and small 
boat rinsing.  Based on BPJ, the San Diego Water Board finds that discharges 
associated with pier washing, marine mammal enclosure cleaning, marine mammal pool, 
unused returned bay water, pier boom cleaning, and small boat rinsing exhibit 
reasonable potential to exceed water quality criteria for a number of priority pollutants.  
The minimal flow, duration, infrequent and disperse nature of these discharges 
precludes the implementation of practical treatment systems.  In addition, the marine 
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mammal enclosure cleaning and mammal pool discharges are not large enough to 
require an NPDES permit pursuant to 40 CFR section 122.24 and Appendix C of 40 
CFR part 122  and are regulated under the state WDR portions of this Order.   
Therefore, the San Diego Water Board finds that it is not feasible to establish numeric 
effluent limitations for pollutants in these discharges. In lieu of numeric effluent 
limitations, the San Diego Water Board finds that the implementation of BMPs is 
sufficient to adequately protect receiving waters.  This Order includes a provision 
requiring the implementation of best management practices to control and abate the 
discharge of pollutants from these discharges. 

 Abalone Tank Discharges.  The sample of abalone discharges showed no reasonable c.
potential to exceed water quality criteria.  This Order includes a provision requiring the 
implementation of best management practices to control and abate any pollutants in the 
discharge. 

 The Thermal Plan establishes the following water quality objectives for new elevated d.
temperature waste discharges to enclosed bays: 

 “Elevated temperature waste discharges shall comply with limitations necessary to 
assure protection of beneficial uses. The maximum temperature of waste 
discharges shall not exceed the natural temperature of the receiving waters by 
more than 20° F.” 

 
Elevated temperature waste discharges for marine mammal enclosure cleaning, 
marine mammal pool discharges, and small boat rinsing must comply with the 
water quality objective. This water quality objective is implemented as a discharge 
prohibition and as part of the BMP Plan described in section VII.C.3.c of this Fact 
Sheet and a discharge prohibition. 

 Ocean Plan Effluent Limitation Calculations.  The Discharger has not provided e.
monitoring data for Total Residual Chlorine from the portable topside chlorinator units.  
However, the topside chlorinator units have the reasonable potential to discharge 
chlorine based on BPJ.   

Table 1 of the Ocean Plan establishes a water quality objective for Total Residual 
Chlorine of 2 µg/L for a 6-month median, 8 µg/L for a daily maximum, and 60 µg/L for an 
instantaneous maximum. Footnote c to Table 1 of the Ocean Plan establishes water 
quality objectives for total chlorine residual applying to intermittent discharges not 
exceeding two hours.  These intermittent discharge water quality objectives are 
determined through the use of the following equation:   

  log y = -0.43 (log x) + 1.8 

where y = the Instantaneous Maximum Effluent Limitation (in µg/L) to apply when 
chlorine is being discharged; 

    x = the duration of uninterrupted chlorine discharge in minutes. 

This intermittent discharge Total Residual Chlorine objective is appropriate for the 
topside chlorinator discharges because 1) the Basin Plan does not specify chlorine 
objectives for San Diego Bay, 2) the water in the bay and ocean have similar 
salinities and beneficial uses, and 3) the chlorinators are intermittent discharges 



UNITED STATES DEPARTMENT OF THE NAVY ORDER NO. R9-2014-0037  
NAVAL BASE POINT LOMA COMPLEX NPDES NO. CA0109363 
 

 
Attachment F – Fact Sheet -- Rationale For Effluent Limitations and Discharge Specifications F-42 

which only operate for 2 hours per day.  A prohibition has been established to ensure 
that the chlorinators do not operate more than 2 hours per day. 

Effluent limitations for water quality objectives listed in Table 1 of the Ocean Plan, 
with the exception of acute toxicity and radioactivity, are determined through the use 
of the following equation: 

Equation 1: Ce = Co + Dm (Co - Cs) 

where: 

Ce = the effluent concentration limit, µg/L. 

Co = the concentration (water quality objective) to be met at the completion of 
initial* dilution, µg/L.   

Cs = background seawater concentration (Cs = 0 for Total Residual Chlorine.), 
µg/L. 

Dm = minimum probable initial dilution expressed as parts seawater per part 
wastewater.   (There is no initial dilution for this discharge.) 

Because there is no initial dilution for this discharge from the topside chlorinators, 
the effluent limitation will be the objective (i.e. Ce = Co). 

Concentration-based effluent limitations were calculated based on two hours of 
chlorination per day.  Mass-based effluent limitations were calculated based on the 
concentration-based effluent limitations and a maximum flow rate of 1,500 gpm for 
two hours a day. 

The mass emission rate (MER), in pounds per day, was calculated using the 
following formula: 

Mass Emission Rate (lb/day) = 8.34 x Q x C 

In which Q and C are the flow rate in million gallons per day and the constituent 
concentration in mg/L, respectively, and 8.34 is a conversion factor (lb/gallon of 
water).  For the chlorinators, a flow rate of 1,500 gpm for two hours was used for Q 
and effluent limitation for two hours of chlorination was used for C in calculating the 
mass-based effluent limitation.  

 A summary of the applicable WQBELs for the Discharger are summarized below: f.

Table F-18. Summary Applicable WQBELs for Topside Chlorinator/Dechlorinator 
Units 

Parameter Units 
Effluent Limitations 

Average 
Monthly 

Weekly 
Average 

Maximum 
Daily 

Instantaneous 
Maximum 

Total Residual 
Chlorine 

µg/L -- -- -- 8.11 

lbs/day -- -- -- 0.0122 

[1] The concentration based effluent limitation for total residual chlorine is calculated based on two hours of 
chlorination.  

[2] The mass-based effluent limitation for total residual chlorine is calculated with a flow rate of 1500 GPM 
and is for each submarine that is chlorinating. 
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5. Whole Effluent Toxicity (WET) 

a. Background and Rationale 

The Basin Plan defines toxicity as the adverse response of organisms to chemicals or 
physical agents. 
 
The Basin Plan establishes a narrative water quality objective for toxicity: 
 
“All waters shall be maintained free of toxic substances in concentrations that are toxic 
to, or that produce detrimental physiological responses in human, plant, animal, or 
aquatic life.”  
 
Order No. R9-2002-0002 established acute toxicity effluent limitations for storm water 
discharges.  Survival rates reported by the Discharger from 2006 through 2011 range 
from 0 to 100 percent, indicating the presence and reasonable potential for toxicity in the 
discharge of storm water from the Facility. 
 
In discussions with USEPA Region 9, USEPA has informed San Diego Water Board 
staff that the application of chronic toxicity monitoring and effluent limitations for storm 
water runoff are more desirable than acute toxicity because chronic toxicity is more 
conservative and provides a better indicator of chronic effects to organisms in the 
receiving water, other than percent survival.  Chronic effects, such as detrimental 
physiological responses (affecting fertilization, growth, reproduction, etc.) may be 
present, even when acute effects such as the death of an organism are not apparent.  
The use of chronic toxicity allows for a more accurate determination of the narrative 
water quality objective, which specifies “detrimental physiological responses”.  Many 
detrimental physiological responses are not addressed when the test is limited to simply 
percent survival. 
 
Based on the USEPA Region 9 guidance, chronic toxicity monitoring and effluent 
limitations are established in this Order for the discharge of industrial process water at 
the Facility.  Because chronic toxicity is considered to be a more conservative indicator 
of toxicity, and the monitoring of all industrial process wastewater sample locations for 
both acute and chronic toxicity would be costly and redundant, the monitoring 
requirements and effluent limitations for acute toxicity have been removed for industrial 
process water based on the application of the more conservative chronic toxicity 
requirements.  If the Discharger complies with effluent limitations for chronic toxicity, 
they will achieve water quality greater than that necessary to achieve compliance with 
acute toxicity effluent limitations. 
 
The State Water Board has not adopted a policy or plan for regulating toxicity in storm 
water discharges. NBPL currently has acute toxicity effluent limitations for industrial 
storm water discharges which they have not been able to achieve. An acute toxicity 
effluent limitation from Order R9-2002-0002 has been carried over to this Order for 
industrial storm water and been revised to incorporate USEPA’s guidance on the TST 
method. This Order also requires further study on chronic toxicity in industrial storm 
water discharges through a study on an appropriate IWC for discharges to San Diego 
Bay.  Because there is no established policy and the potential effects on receiving 
waters from chronic toxicity in industrial storm water discharges are not well understood, 
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this Order maintains the acute toxicity effluent limitation for Industrial High Risk Areas 
storm water discharges. The San Diego Water Board may choose to establish end-of-
pipe chronic toxicity effluent limitations for Industrial High Risk Areas storm water 
discharges in the future.  In developing such a limitation, an IWC of 100 percent will be 
assumed unless mixing zones or dilution credits are authorized by the San Diego Water 
Board. 
 
Navy Acute Toxicity Effluent Limitation Challenge 
 
During the previous renewal of the Discharger’s NPDES permits for NBPL and NBC in 
2002, the Discharger challenged the acute toxicity limitation, asserting that the acute 
toxicity limitation is not based on scientific data, that it is overly stringent for protecting 
water quality, and that diversion of all storm water runoff to the sanitary sewer is the only 
effective BAT/BCT for meeting the effluent limitation.  Although this Order is establishing 
chronic toxicity effluent limitations instead of acute toxicity effluent limitations, the 
Discharger’s challenge to the acute toxicity effluent limitations is addressed below 
because some of the concerns could be applied to chronic toxicity. 

 
The acute toxicity effluent limitation established in Order No. R9-2002-0002 was 
established to implement the Basin Plan water quality objective for toxicity in receiving 
waters.  The effluent limitation was derived from, and is essentially the same as, the 
acute toxicity discharge standard contained in the Bays and Estuaries Policy. 

 
The Discharger’s NPDES permits contained provisions which allowed the Discharger to 
recommend, after conducting a required study, alternative scientifically valid survival 
rates for acute exposure to discharges of storm water from industrial areas at the 
Discharger’s facilities.  The Discharger conducted a study to develop a scientifically 
defensible, and appropriate, toxicity limitation for industrial storm water discharges from 
Naval facilities to San Diego Bay.  The results of the study were summarized in a Final 
Report, Storm Water Toxicity Evaluation Conducted at: Naval Station San Diego, Naval 
Submarine Base San Diego, Naval Amphibious Base Coronado, and Naval Air Station 
North Island, dated May 2006. 

 
The Discharger’s final recommendations included in the report are summarized below: 

 
• The use of appropriate USEPA WET test methods and data evaluation when 

declaring a test result as toxic. 
 

• Acknowledge WET method variability and the minimum significant difference that 
laboratory testing can provide in declaring a toxic result. 
 

• Consideration of realistic exposure conditions when using WET testing to infer 
toxicity in the receiving water. 

 
In addition, the Discharger submitted comments regarding the current acute toxicity 
requirements.  Comments of significant importance are summarized below: 

 
• The Discharger requested that the existing storm water toxicity testing language be 

revised to require a statistical comparison of discharge toxicity results with control 
sample toxicity results using a student t-test, to determine whether a discharge is 
toxic or not. 
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• The Discharger requested that the existing storm water toxicity testing language be 
revised to require the use of percent minimum significant difference, using the 10th 
and 75th percentiles as lower and upper bounds, respectively, to account for inherent 
variability of toxicity testing procedures to determine whether a discharge is toxic or 
not. 
 

• The Discharger requested that the existing storm water toxicity discharge 
specification language be revised according to two proposed alternatives that 
presumably consider realistic exposure conditions to infer toxicity in the receiving 
water. 

 
San Diego Water Board staff stated in a memorandum to the Executive Officer dated 
August 22, 2006 that the Discharger’s proposed toxicity alternatives should not be 
adopted in their entirety and, “Toxicity in storm water discharges should not be ignored 
just because the causative agent is diluted in bay water.  Testing times should not be 
shortened to ensure that the variability inherent to storm water discharges is not causing 
low level toxicity that may be missed in an acute test.”   

 
Toxicity Rationale 

 
The San Diego Water Board has considered the following information in developing 
toxicity monitoring and effluent limitations:  
 
• The May 2006 storm water toxicity study performed by the Discharger;  
• Comments received from the Discharger;  
• Discussions with USEPA Region 9;  
• USEPA’s June 2010 guidance document titled National Pollutant Discharge 

Elimination System Test of Significant Toxicity Implementation Document, An 
Additional Whole Effluent Toxicity Statistical Approach for Analyzing Acute and 
Chronic Data (EPA 833-R-10-003);   

• USEPA’s June 2010 guidance document titled National Pollutant Discharge 
Elimination System Test of Significant Toxicity Technical Document, An Additional 
Whole Effluent Toxicity Statistical Approach for Analyzing Acute and Chronic Data 
(EPA 833-R-10-004);  

• The narrative water quality for objective for toxicity contained in the Water Quality 
Control Plan for the San Diego Basin (Basin Plan); and 

• An interpretation of applicable state and federal regulations.   
 
The implementation of toxicity monitoring requirements and effluent limitations for 
discharges to San Diego Bay are based on a new statistical approach developed by 
USEPA that assesses the whole effluent toxicity measurement of wastewater effects on 
specific test organisms’ ability to survive, grow, and reproduce called the Test of 
Significant Toxicity (TST).  This new approach is a statistical method that uses 
hypothesis testing techniques based on research and peer-reviewed publications.  The 
approach examines whether an effluent at the critical concentration and a control within 
a whole effluent toxicity test differ by an unacceptable amount (the amount that would 
have a measured detrimental effect on the ability of aquatic organisms to thrive and 
survive). 

 
Organism response to the effluent and control are unlikely to be exactly the same, even 
if no toxicity is present.  They might differ by such a small amount that even if statistically 
significant, it would be considered negligible biologically.  A more useful approach could 
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be to rephrase the null hypothesis, “Is the mean response in the effluent less than a 
defined biological amount?”  The Food and Drug Administration has successfully used 
that approach for many years to evaluate drugs, as have many researchers in other 
biological fields.  In that approach, the null hypothesis is stated as the organism 
response in the effluent is less than or equal to a fixed fraction (b) of the control 
response (e.g., 0.75 of the control mean response): 

 
Null hypothesis:  Treatment mean ≤ b * Control mean 

 
To reject the null hypothesis above means the effluent is considered non-toxic.  To 
accept the null hypothesis means the effluent is toxic.   
 
Before the TST null hypothesis expression could be recommended by USEPA, certain 
Regulatory Management Decisions (RMDs) were needed, including what effect level in 
the effluent is considered unacceptably toxic and the desired frequency of declaring a 
truly negligible effect within a test non-toxic.   
 
In the TST approach, the b value in the null hypothesis represents the threshold for 
unacceptable toxicity.  For chronic toxicity, the USEPA made the RMD that the b value is 
set at 0.75, which means that a 25 percent effect (or more) at the IWC is considered 
evidence of unacceptable chronic toxicity.  For acute toxicity, the b value is set at 0.80.   
 
USEPA’s RMDs for the TST method are intended to identify unacceptable toxicity most 
of the time when it occurs, while also minimizing the probability that the IWC is declared 
toxic when in fact it is truly acceptable.  Additional RMDs by USEPA to achieve this 
objective were made regarding acceptable maximum false positive (β using a TST 
approach) and false negative rates (α using a TST approach).  
 
In the TST approach, the RMDs are defined as follows: 

 
1. Declare a sample toxic between 75 – 95 percent of the time (0.05 ≤ α ≤ 0.25) when 

there is unacceptable toxicity. 
 

2. Declare an effluent non-toxic no more than 5 percent of the time (β ≤ 0.05) when the 
effluent effect at the critical effluent concentration is 10 percent. 

 
USEPA used valid toxicity data from approximately 2,000 WET tests to develop and 
evaluate the TST approach.  The TST approach was tested using nine different whole 
effluent toxicity test methods comprising twelve biological endpoints and representing 
most of the different types of whole effluent toxicity test designs in use.  More than one 
million computer simulations were used to select appropriate alpha error rates for each 
test method that also achieved USEPA’s other RMDs for the TST approach. 

 
Effluent limitations are established using the TST “pass” “fail” approach as well as a 
percent effect.   

 
Chronic Pass: A test result that rejects the null hypothesis (Ho) below is reported as 
“Pass” in accordance with the TST approach: 
 
Ho: Mean response (100 percent effluent) ≤ 0.75 × Control mean response 
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Chronic Fail: A test result that does not reject the null hypothesis (Ho) above is reported 
as “Fail” in accordance with the TST approach. 
 
Percent Effect: The percent effect at the IWC is calculated for each test result using the 
following equation: 
 
 % Effect at IWC  =  Mean Control Response - Mean IWC Response  * 100 
         Mean Control Response  
 
A Maximum Daily Effluent Limitation (MDEL) and Median Monthly Effluent Limitation 
(MMEL) for chronic toxicity is established for industrial process wastewaters.  The MDEL 
is exceeded and a violation will be flagged when a toxicity test during routine monitoring 
results in a “fail” in accordance with the TST approach and the percent effect is greater 
than or equal to 0.50.  The MMEL is exceeded when the median results of three 
independent toxicity tests, conducted within the same calendar month, and analyzed 
using the TST, (i.e. two out of three) is a “fail”. 
 
Acute Pass:  An acute toxicity test result that rejects the null hypothesis (Ho) below is 
reported as “pass” in accordance with the TST approach: 
 

Ho: Mean response (100 percent effluent) ≤ 0.80 × Control mean response 
 
Acute Fail:  An acute toxicity test result that does not reject the null hypothesis (Ho) 
above is reported as “fail” in accordance with the TST approach. 
 
A MDEL for acute toxicity is established for Industrial High Risk Areas storm water 
discharges and is exceeded when a toxicity test during routine monitoring results in a 
“fail” in accordance with the TST approach and the percent effect is greater than or equal 
to 0.40.  
 
A percent effect of 0.50 for chronic toxicity and 0.40 for acute toxicity has been 
incorporated into the MDEL. The decision to conduct a Toxicity Identification Evaluation 
(TIE) is based upon consideration of multiple factors such as the magnitude and 
persistence of toxicity. The magnitude of toxicity present in storm water is an important 
consideration because a moderate to high level of toxicity typically yield more successful 
results. Usually, TIEs can be successfully conducted on samples producing at least 50 
percent effect (e.g., >50% mortality or reduction in reproduction), and this value is 
recommended for general use in selecting samples for TIEs. However, effective TIEs can 
also be conducted with less toxic samples (e.g., >25% effect), but there is a greater 
chance of the TIE being inconclusive due to changes in toxicity with storage or variability 
in response (Norberg-King et al. 2005).  A percent effect of 0.50 for chronic toxicity and 
0.40 for acute toxicity has been incorporated into the MDEL to facilitate a successful TIE. 
 
The IWC for these discharges are established at 100% effluent. Allowances for dilution 
and a different IWC may be made at the discretion of the San Diego Water Board. 
Because the San Diego Water Board has no documentation to support a different IWC, 
the IWC is defined as 100 percent effluent (undiluted).  This definition of IWC is 
consistent with other San Diego Water Board’s NPDES permitted discharges to San 
Diego Bay which do not allow dilution. This Order requires further study on the 
appropriate IWC for chronic toxicity observed in industrial storm water discharges to San 
Diego Bay. 
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The San Diego Water Board finds that the application of USEPA’s TST method with the 
50% effect for chronic toxicity and 40% effect for acute toxicity is scientifically defendable 
and appropriate for the determination of compliance with the Basin Plan’s narrative 
objective for toxicity. As such, toxicity monitoring requirements, analysis, and effluent 
limitations are established in this Order based on USEPA’s TST method and a 50% effect 
for chronic toxicity and 40% effect for acute toxicity.  Taken together, these refinements of 
using chronic toxicity instead of acute toxicity for industrial process wastewater and using 
the TST approach with the appropriate percent effect clarifies the requirements for toxicity 
analyses, provide the Discharger with the positive incentive to generate high quality data, 
and affords greater protection of aquatic life. 
 

b. Acute Toxicity 
 

As discussed previously, acute toxicity limitations have not been carried over and have 
been replaced with chronic toxicity limitations for industrial process water.  Acute toxicity 
effluent limitations have been maintained for industrial high risk storm water discharges 
and have been updated to use the USEPA’s TST method with a percent effect of 40%.  
Where acute toxicity limitations had previously been applied in conjunction with chronic 
toxicity effluent limitations, the acute limitations for industrial process water have been 
removed to reduce duplicative monitoring to implement the narrative toxicity water quality 
objective.  Chronic toxicity monitoring and effluent limitations provide a more conservative 
indicator and more protective effluent limitation for water quality, and do not constitute 
backsliding. 

c. Chronic Toxicity   
 

As previously discussed, chronic toxicity monitoring requirements and effluent limitations 
have been established for industrial process wastewater discharges demonstrated to 
have toxic pollutants in toxic concentrations, consistent with the State Water Board’s draft 
Toxicity Policy and  USEPA’s TST approach.  
 
This Order also requires the Discharger to implement BMPs to prevent or eliminate 
toxicity, investigate the causes of any toxicity, and identify and implement corrective 
actions to reduce or eliminate effluent toxicity. 

D. Final Effluent Limitations 

 Discharges from the Facility shall not exceed the effluent limitations summarized below: 1.

 Final Effluent Limitations for Topside Chlorinator/Dechlorinator Units – Discharge Point a.
Nos. CS-001 through CS-003 

Table F-19. Effluent Limitations for Topside Chlorinator/Dechlorinator Units 

Parameter Units 
Effluent Limitations 

Average 
Monthly 

Weekly 
Average 

Maximum 
Daily 

Instantaneous 
Maximum 

Total Residual 
Chlorine 

µg/L -- -- -- 8.11 

lbs/day -- -- -- 0.0122 

[1] The concentration based effluent limitation for total residual chlorine is calculated based on 
two hours of chlorination.  

[2] The mass-based effluent limitation for total residual chlorine is calculated with a flow rate of 
1500 GPM and is for each submarine that is chlorinating. 
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 The Discharger is required to develop and implement a BMP plan for the chlorinator/ 2.

dechlorinator units including, at a minimum, BMPs from the UNDS Program for Seawater 
Piping Biofouling Prevention and Seawater Cooling Overboard Discharge. 

 The previous Order required the Discharger to develop and implement a BMP plan for utility 3.
vault dewatering, and a SWPPP for storm water discharges throughout the Facility, as 
authorized by CWA section 304(e) and section 402(p).  The requirements to update and 
implement BMP plans and a SWPPP are carried over from the previous Order. 

 Discharges of pollutants in storm water discharges, from areas designated under section 4.
IV.B. of this Order as Industrial High Risk Areas, to waters of the U.S. from Discharge Points 
specified in Attachment M of this Order shall maintain compliance with the MDEL for acute 
toxicity. The MDEL is based on the outcome of the TST approach and the resulting percent 
effect at the IWC in accordance with Compliance Determination, section VII. of this Order.   

 Satisfaction of Anti-Backsliding Requirements 5.

Sections 402(o) and 303(d)(4) of the CWA and federal regulations at 40 CFR section 
122.44(l) prohibit backsliding in NPDES permits. These anti-backsliding provisions require 
effluent limitations in a reissued permit to be as stringent as those in the previous permit, 
with some exceptions where limitations may be relaxed.  All effluent limitations in this Order 
are at least as stringent as the effluent limitations in Order No. R9-2002-0002 and meet 
state and federal anti-backsliding requirements.  

 
 Satisfaction of Antidegradation Policy 6.

WDRs for the Discharger must conform with federal and state antidegradation policies 
provided at 40 CFR 131.12 and in State Board Resolution No. 68-16, Statement of Policy 
with Respect to Maintaining High Quality of Waters in California.  The antidegradation 
policies require that beneficial uses and the water quality necessary to maintain those 
beneficial uses in the receiving waters of the discharge shall be maintained and protected, 
and, if existing water quality is better than the quality required to maintain beneficial uses, 
the existing water quality shall be maintained and protected unless allowing a lowering of 
water quality is necessary to accommodate important economic and social development or 
is consistent with maximum benefit to the people of California.  When a significant lowering 
of water quality is allowed by the San Diego Water Board, an antidegradation analysis is 
required in accordance with the State Water Board’s Administrative Procedures Update 
(July 2, 1990), Antidegradation Policy Implementation for NPDES Permitting. 
 
The Discharger has requested coverage of discharges associated with portable topside 
chlorinator units through Discharge Points CS-001 through CS-003. These discharges have 
been occurring at the Facility over the term of the previous Order, and were thought to be 
covered under the UNDS program and exempt from NPDES permit coverage. However, it 
was determined that the portable topside chlorinator units were not covered under the 
UNDS program and are subject to NPDES permit requirements. As such, the discharge from 
portable topside chlorinator units is not a new discharge and coverage under this NPDES 
permit is not expected to contribute to the further degradation of the receiving water. The 
San Diego Water Board conducted an RPA indicating that these discharges have the 
reasonable potential to exceed water quality objectives.  This Order establishes WQBELs 
and priority pollutant monitoring for discharges CS-001 through CS-003, which shall be 
protective of water quality objectives. 
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The Discharger was previously permitted to discharge small boat rinsing wastewater from 
Discharge Point BR-001. The Discharger has requested coverage of discharges associated 
with small boat rinsing at the installation NMAWC through Discharge Point BR-002. During 
the previous permit term, the average small boat rinsing flow from BR-001 was expected to 
be approximately 858 gpd. Under the proposed two outfalls, the expected small boat rinsing 
flow is expected to be 315 gpd. Receiving water quality and beneficial uses are similar at the 
two locations. Additionally, discharges from BR-002 have been occurring over the previous 
permit term. As such, the additional outfall is not expected to contribute additional pollutant 
loading to the receiving water than historically discharged, and is not expected to further 
degrade the receiving water. The San Diego Water Board conducted an RPA indicating that 
these discharges have the reasonable potential to exceed water quality objectives.  This 
Order establishes requirements for the Discharger to develop and implement a BMP(s) to 
minimize impacts to the receiving water. 

The Discharger was previously permitted to discharge marine mammal enclosure cleaning 
wastewater from a single discharge point at installation SSC Pacific PLC (Discharge Point 
ME-001). The Discharger has requested additional outfalls at SSC Pacific PLC (Discharge 
Point ME-002) and at the FLC installation (Discharge Point ME-003). The total increase in 
flow is expected to be approximately 192 gpd for cleaning the sea lion enclosures. This 
represents an increase in flow of approximately 1 percent of the total marine mammal 
enclosure cleaning discharge, and is not expected to have a significant impact on the 
receiving water. Receiving water quality and beneficial uses are similar at the three 
locations. Additionally, discharges from ME-002 and ME-003 occurred over the previous 
permit term. As such, the additional outfalls are not expected contribute additional pollutant 
loading to the receiving water than historically discharged, and is not expected to further 
degrade the receiving water. The San Diego Water Board conducted an RPA indicating that 
these discharges have the reasonable potential to exceed water quality objectives.  This 
Order establishes requirements for the Discharger to develop and implement BMPs to 
minimize impacts to the receiving water. 

The Discharger reported in the application the discontinued use of diesel engines in ship 
deperming operations at MSF by December 31, 2007.  Power for the demagnetizing 
process will instead be provided by San Diego Gas and Electric via electric transformers. 
 
In addition, steam condensate discharges were regulated by the previous Order; however, 
steam condensate is currently generated at only one Facility location (FASW), which does 
not discharge to San Diego Bay or other water(s) of the U.S.  Therefore, discharges from 
steam condensate are not regulated by this Order. 
 
The limitations and requirements of this Order are more stringent than established in Order 
No. R9-2002-0002.  The permitted discharge is consistent with the antidegradation 
provisions of 40 CFR 131.12 and State Water Board Resolution No. 68-16.  Compliance 
with these requirements will result in the use of best practicable treatment or control of the 
discharge.  The impact on existing water quality will be insignificant. 

 Stringency of Requirements for Individual Pollutants 7.

This Order contains TBELs of BMPs in lieu of numeric effluent limitations for the specified 
discharges except for a numeric effluent limitation for total residual chlorine from the topside 
chlorinator/ dechlorinator units.  The permit has requirements to continue a PPP for utility 
vault and manhole dewatering discharges; a requirement to develop and maintain a BMP 
Plan for discharges from chlorinator/ dechlorinator units, pier washing, marine mammal 
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training pools and enclosures, unused returned unused bay water, small boat rinsing, and 
pier boom cleaning; a requirement to develop and maintain a SWMP for municipal storm 
water; and a requirement to continue to implement a SWPPP for toxic pollutants and 
hazardous substances in industrial storm water runoff.  These restrictions are discussed in 
section IV.B.2 of the Fact Sheet.  This Order’s technology-based pollutant restrictions 
implement the minimum, applicable federal technology-based requirements. These 
limitations are not more stringent than required by the CWA. 

The WQBELs consist of numeric effluent limitations for total residual chlorine and are 
discussed in section IV.C of the Fact Sheet.  WQBELs have been scientifically derived to 
implement water quality objectives that protect beneficial uses. Both the beneficial uses and 
the water quality objectives have been approved pursuant to federal law and are the 
applicable federal water quality standards. The scientific procedures for calculating the 
individual WQBELs for total residual chlorine are based on the Basin Plan beneficial uses 
for San Diego Bay and water quality objectives contained in the Ocean Plan. Collectively, 
this Order’s restrictions on individual pollutants are no more stringent than required to 
implement the requirements of the CWA. 

E. Storm Water Risk Level Designations 

This Order addresses storm water discharges from various locations throughout the Facility, 
with varying degrees of industrial activity and potential to impact water quality.  As such, a tiered 
approach has been applied in this Order to control storm water discharges, including MS4 
requirements, industrial storm water requirements, and effluent limitations.  To apply the 
appropriate controls for storm water, the Discharger is required to identify all storm water 
outfalls located at the Facility, and designate the outfalls as Industrial High Risk Areas, Industrial 
Low Risk Areas, Industrial No Exposure Areas, or Small MS4 Areas. 

 
Because operations at the Facility are subject to change, areas designated as Small MS4 Areas 
may be used for industrial activities throughout the life of this permit or areas once used for 
industrial purposes may no longer be used for industrial uses.  As such, annual site surveys are 
necessary to account for any operational changes that may occur at the Facility to ensure that 
appropriate regulatory mechanisms are being applied. 

 
F. Small (Military Base) MS4 Discharge Specification 

The San Diego Water Board finds that Phase II MS4 requirements are applicable to storm water 
discharges from non-industrial portions of the Facility.  As such, applicable requirements of the 
Phase II MS4 program, consistent with the requirements 40 CFR section 122.44(k) and the 6 
minimum control measures identified in 40 CFR section 122.34(b) have been applied to ensure 
discharges of storm water from Non-industrial Areas meet the minimum requirement of MEP.  
Specific requirements have been established where necessary to increase the tracking and 
enforceability of the Discharger’s SWMP.  This approach is consistent with the requirements of 
the current Naval Base San Diego Permit which includes regulation of Phase II MS4 storm 
water discharges (Order No. R9-2013-0064). 

 
G. Industrial Storm Water Discharge Specifications 

a. Pollutant Reduction to BAT/BCT.  NPDES Permits for storm water discharges must meet 
all applicable provisions of Sections 301 and 402 of the CWA. These provisions require 
control of pollutant discharges using best available technology economically achievable 
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(BAT) and best conventional pollutant control technology (BCT) to prevent and reduce 
pollutants and any more stringent controls necessary to meet water quality standards. 

b. Storm Water Pollution Prevention Plan (SWPPP) for Industrial Areas.  Prior to the 
adoption of Order No. 2002-0002, the storm water discharges at the Facility were regulated 
by the State Water Board’s General Order for Discharges of Storm Water Associated with 
industrial Activities Excluding Construction Activities (Order No. 97-03-DWQ, NPDES No. 
CAG000001).  To carry out the purpose and intent of the CWA, Order No. 97-03-DWQ and 
subsequently Order No. R9-2002-0002 required the Discharger to develop and implement a 
SWPPP, as authorized by CWA section 304(e) and section 402(p), for toxic pollutants and 
hazardous substances, and for the control of storm water discharges.  Consistent with Order 
No. 97-03-DWQ and Order No. R9-2002-0002, this Order requires the Discharger to 
continue to implement and regularly update an adequate SWPPP as specified in 
Attachment G.  The SWPPP requirement is explained in more detail in section IV.B.2 of this 
Fact Sheet. 

c. Numeric Action Levels (NALs).  Consistent with the direction of the State Water Board, 
this Order establishes NALs based on USEPA’s benchmarks with a tiered compliance 
strategy of establishing industrial storm water risk levels.  This risk level strategy is 
explained in more detail in section IV.B. of this Order.  

H. Non-Storm Water Discharge Specifications 

Discharge Specifications for the discharge of exempted non-storm water discharges as 
specified in section IV.F of this Order are based on the requirements of 40 CFR section 
122.26(d). These discharge specifications exempt the discharge of certain wastes from 
prohibition that are not currently expected to be a significant source of pollutants to the receiving 
waters. 

V. RATIONALE FOR RECEIVING WATER LIMITATIONS 

A. Surface Water 

Receiving water limitations in this Order are derived from the water quality objectives for bays 
and estuaries established by the Basin Plan (1994), the Bays and Estuaries Policy (1974), the 
CTR (2000), the State Implementation Policy (2005), the Ocean Plan (2012) and the Sediment 
Quality Plan (2008).  San Diego Bay is listed as impaired for copper, toxicity, sediment toxicity, 
and benthic community in the area directly off shore of the Facility.  This 303(d) impairment and 
elevated effluent concentrations demonstrates that there is reasonable potential to cause or 
contribute to an exceedance of the sediment quality objectives which have been included as 
receiving water limitations.  

 
VI. RATIONALE FOR MONITORING AND REPORTING REQUIREMENTS 

40 CFR section 122.48 requires that all NPDES permits specify requirements for recording and 
reporting monitoring results.  Water Code sections 13267 and 13383 authorize the San Diego 
Water Board to require technical and monitoring reports.  The Monitoring and Reporting Program 
(MRP), Attachment E of this Order, establishes monitoring and reporting requirements to implement 
federal and state requirements.  The following provides the rationale for the monitoring and 
reporting requirements contained in the MRP for this facility. 



UNITED STATES DEPARTMENT OF THE NAVY ORDER NO. R9-2014-0037  
NAVAL BASE POINT LOMA COMPLEX NPDES NO. CA0109363 
 

 
Attachment F – Fact Sheet -- Rationale for Monitoring and Reporting Requirements F-53 

A. Industrial Storm Water Monitoring Location Study and Annual Report 

In order to determine compliance with effluent limitations, action levels, and evaluate the 
effectiveness of BMPs specified in the SWPPP, this order establishes monitoring requirements 
for industrial storm water.  The San Diego Water Board recognizes that establishing monitoring 
requirements at all discharge locations would be redundant and an inefficient use of resources.  
Monitoring is only necessary at representative discharge locations for industrial storm water.   
This directive requires the discharger to identify representative monitoring locations for these 
discharges, and verify these monitoring locations annually.  Monitoring includes visual as well 
as sample collection.   
 

B. Influent Monitoring – Not Applicable 

 
C. Effluent Monitoring 

Pursuant to the requirements of 40 CFR section 122.44(i)(2) effluent monitoring is required for 
all constituents with effluent limitations.  Effluent monitoring is necessary to assess compliance 
with effluent limitations, assess the effectiveness of BMPs and pollution prevention plans, to 
assess the impacts of the discharge on the receiving water, and determine compliance with the 
effluent limitations.  Effluent monitoring is necessary to address the following primary questions: 

• Does the effluent meet permit effluent limits thereby ensuring that water quality 
standards are achieved in the receiving water? 

• What is the mass of the constituents that are discharged annually? 
• Is the volume of the discharges changing over time? 
• How much pier washing occurs? 
• Is the discharge a major source of pollutants? 
• How often are the marine mammal pools used? 
• How often are the pier booms cleaned? 
• Is the marine mammal enclosures cleaning discharge changing over time? 
• Is the small boat rinsing discharge changing over time? 

 
1. Portable Topside Chlorinator Units Monitoring (Monitoring Locations CS-001 through 

CS-003) 

 Quarterly effluent flow monitoring has been established to determine the volume of a.
effluent from the chlorinator units being discharged from the Facility into the San Diego 
Bay adjacent to the submarine. 

 Quarterly monitoring for total residual chlorine has been established in order to b.
determine compliance with effluent limitations. 

 Annual monitoring for chlorine biproducts, copper, and nickel has been established c.
because BPJ indicates the presence of chlorine biproducts and the RPA indicated the 
presence of copper and nickel. 

2. USS ARCO Floating Dry Dock Monitoring  

Dry dock submergence notification requirements have been carried over from Order No. 
R9-2002-0002 (Addendum No. 2).  The timing has been increased from 48 hours to 72 
hours. 
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Dry dock submergence video recording requirements have been carried over from Order 
No. R9-2002-0002 (Addendum No. 2).Video recording of dry dock submergence is 
necessary to ensure adequate BMPs have occurred to prevent the discharge of 
pollutants into the receiving water.  

3. Pier Washing Monitoring (Monitoring Locations PW-001 and PW-002) 

An annual log of pier washing activities has been established to track this discharge. 

4. Marine Mammal Pools Monitoring (Monitoring Locations MP-001, MP-002, and MP-
003)  

An annual log of marine mammal pool discharges has been established to track this activity. 

5. Returned Unused Bay Water (Monitoring Location UBW-001) 

a. Quarterly effluent flow monitoring has been established to determine the volume of 
effluent being discharged from the Facility into the San Diego Bay. 

b. A log of any changes to the system shall be submitted annually.  This system is 
expected to change when the abalone tanks are moved.  The flow monitoring and the 
log will characterize this change. 

6. Abalone Tanks (Monitoring Location ABL-001) 

a. Quarterly effluent flow monitoring has been established to determine the volume of 
effluent being discharged from the Facility to San Diego Bay.  

b. A log of any changes to the system shall be submitted annually.  This system is 
expected to change when the abalone tanks are moved.  The flow monitoring and the 
log will characterize this change. 

7. Pier Boom Cleaning (Monitoring Location BW-001) 

An annual log of pier boom cleaning activities has been established to track this discharge. 

8. Marine Mammal Enclosure Cleaning Monitoring (Monitoring Locations ME-001 
through ME-004) 

An annual log of significant changes to the marine mammal enclosure discharges has been 
established to track this discharge. 

9. Small Boat Rinsing (Monitoring Location BR-001) 

An annual log of significant changes to the small boat rinsing activities has been established 
to track this discharge. 

10. Utility Vaults and Manhole Dewatering Monitoring (Monitoring Locations UV-001 
through UV-018) 

a. Annual effluent flow monitoring has been established to determine the volume of effluent 
being discharged from the Facility into the San Diego Bay. 
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b. Annual effluent monitoring of total petroleum hydrocarbons, oil and grease, pH, and total 
suspended solids has been incorporated from State Water Board General Order No. 
2006-008-DWQ to characterize the discharge of utility vault and manhole dewatering 
from the Facility into the San Diego Bay. 

c. Consistent with Order No. R9-2002-0002, this Order requires the Discharger to submit a 
log of the utility vault and manhole dewatering discharges annually. 

D. Whole Effluent Toxicity (WET) Testing Requirements 

The WET testing is designed to address the following primary questions: 
• Does the effluent meet permit effluent limits for toxicity thereby ensuring 1. that water 

quality standards are achieved in the receiving water? 
• If not: 

o Are unmeasured pollutants causing risk to aquatic life? 
o Are pollutants in combinations causing risk to aquatic life? 

• Does the storm water runoff meet objectives for toxicity in the receiving water? 
• Are conditions in receiving water getting better or worse with regard to toxicity? 
• What is the relative storm water runoff contribution to the receiving water toxicity? 
• What are the causes of the toxicity and the sources of the constituents responsible? 

 
As discussed above in section IV.C.5 of this Fact Sheet, chronic and acute toxicity effluent 
limitations established in this Order are based on USEPA’s TST and percent effect.  The chronic 
toxicity effluent limitations are replacing acute toxicity effluent limitations for industrial process 
water discharges established in Order No. R9-2002-0002.  Acute toxicity effluent limitations and 
monitoring are maintained for industrial storm water.  Chronic and acute toxicity monitoring is 
required to evaluate compliance with effluent limitations. 
 
Past sampling of storm water at the Facility shows the presence and reasonable potential for 
toxicity in the discharge of industrial storm water from the Facility. This Order requires the 
Discharger to conduct additional toxicity testing for exceedances of the toxicity effluent 
limitations. If the additional tests demonstrate toxicity, the Discharger is required to submit a 
Toxicity Reduction Evaluation (TRE) Workplan in accordance with USEPA guidance which shall 
include: further steps taken by the Discharger to investigate, identify, and correct the causes of 
toxicity; actions the Discharge will take to mitigate the effects of the discharge and prevent 
the recurrence of toxicity; and a schedule for these actions. This provision also includes 
requirements to initiate the TRE/TIE process if the results of toxicity testing exceed the effluent 
limitation for chronic toxicity. 
 

E. Receiving Water Monitoring 

Receiving water and sediment monitoring shall be designed and conducted to address the 
following primary questions: 

• Does the discharge cause or contribute to violations of the Receiving Water Limitations 
in section V. of this Order? 

• Does the receiving water meet water quality standards? 
• Are the conditions in receiving waters getting better or worse? 
• Is natural light significantly reduced as the result of the discharge of waste? 
• Does the discharge of waste cause a discoloration of the receiving waters? 
• Does the discharge of oxygen demanding waste cause the dissolved oxygen 

concentration to be depressed at any time more than allowed by the water quality 
objective? 
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• Does the discharge of waste cause the pH to change at any time more than 0.2 units 
from that which occurs naturally? 

• Does the discharge of waste cause the salinity to become elevated in the 6. receiving 
water? 

• Do nutrients cause objectionable aquatic growth or degrade indigenous biota? 
• Is the dissolved sulfide concentration of waters in marine sediments significantly 

increased above that present under natural conditions? 
• Is the concentration of substances set forth in Attachment 1 of the State Water Board’s 

Sediment Quality Plan in marine sediments at levels which would degrade the benthic 
community? 

• Is the concentration of organic pollutants in marine sediments at levels that would 
degrade the benthic community? 

• Are benthic communities degraded as a result of the discharge? 
• Are the marine mammal enclosures and pools causing bacteria water quality objectives 

to be exceeded? 
 
1. Water and Sediment Monitoring Plan 
 

The Discharger is required to submit a Water and Sediment Monitoring Plan within 12 
months of the effective date of this Order.  The Water and Sediment Monitoring Plan has all 
the elements required by the State Water Board’s Sediment Quality Plan, which became 
effective on August 25, 2009, to be implemented for both water and sediment for 
consistency.  A conceptual model, existing data, and ongoing monitoring must be 
considered in the development of the Water and Sediment Monitoring Plan. 

 
2. Surface Water 

 
a. Monitoring of the receiving water is necessary to determine if the discharges from the 

Facility are impacting the water quality objectives for San Diego Bay, applicable 
beneficial uses, and aquatic life. 

b. Monitoring locations will be determined in the Water and Sediment Monitoring Plan. 

c. Annual monitoring of copper, mercury, nickel, and zinc in the Pacific Ocean and the San 
Diego Bay has been established to determine compliance with receiving water 
limitations and to help determine reasonable potential, as specified in section 1.3 of the 
SIP, for future permitting efforts.  These constituents are required based on the RPA for 
the chlorinators, storm water benchmark exceedances, and BPJ. 

d. Semiannual temperature monitoring has been established in order to determine 
compliance with Prohibition III.B for the temperature effluent limitation for discharges of 
small boat rinsing and marine mammal enclosure cleaning. 

e. Semiannual chronic toxicity monitoring has been added to assess the impacts of storm 
water discharges on the receiving water.  The Discharger is required to monitor chronic 
toxicity twice per year concurrently with the end of pipe high risk industrial storm water 
discharge monitoring required in Table E-8 of this MRP.  The receiving water chronic 
toxicity sample is to be collected in the receiving water adjacent to the storm drain outfall 
sampled in Table E-8 during the storm event. The results of the chronic toxicity testing in 
the receiving water shall be included in the Annual Storm Water Report. 
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f. Annual monitoring of the CTR priority pollutants has been added to help determine 
reasonable potential, as specified in section 1.3 of the SIP, for future permitting efforts 
and to provide data to help determine long-term trends in receiving water quality. 

g. Semiannual monitoring of fecal coliform, total coliform, and enterococcus has been 
established to determine compliance with receiving water limitations and to provide data 
for the protection of beneficial uses. 

3. Sediment Monitoring 
 

a. This Order establishes monitoring and analysis requirements consistent with the 
Sediment Quality Plan. 

 
b. Monitoring locations will be determined in the Water and Sediment Monitoring Plan. 

c. Sediment chemistry, toxicity, and benthic community monitoring are required in 
accordance with, and at a minimum, the requirements under the Sediment Quality 
Control Plan. 

4. Monitoring Coalitions 

To achieve maximum efficiency and economy of resources, the San Diego Water Board 
encourages and may require San Diego Bay dischargers to establish or join a San Diego 
Bay water body monitoring coalition.  Monitoring coalitions enable the sharing of technical 
resources, trained personnel, and associated costs and create an integrated water and 
sediment monitoring program within each water body.  Focusing resources on water body 
issues and developing a broader understanding of pollutants effects in these water bodies 
enables the development of more rapid and efficient response strategies and facilitates 
better management of water and sediment quality. 

 
5. Water and Sediment Monitoring Report 

The Discharger or water body monitoring coalition is required to submit a Water and 
Sediment Monitoring Report at least twice during a permit cycle in accordance with the 
schedule contained in the Water and Sediment Monitoring Plan unless otherwise directed in 
writing by the San Diego Water Board.  Receiving water sampling will be done annually and 
sediment sampling will be done at least twice during the term of this Order, so two reports 
during a permit cycle will allow more samples to be collected and reported in one report. 

F. Other Monitoring Requirements 

 The discharge of industrial contact storm water to the San Diego Bay may contain pollutants 1.
from the surrounding area which could contribute to the exceedance of the water quality 
criteria/objectives of the receiving waters.  Industrial storm water monitoring requirements 
have been established to determine the effects of storm water discharges on the receiving 
water and monitor the effectiveness of the SWPPP to meet applicable NALs and receiving 
water limits.  Order No. R9-2002-0002 required monitoring of industrial storm water for 
copper, zinc, and acute toxicity at two storms per year.  Copper and zinc concentrations 
regularly exceeded the benchmarks.  In addition, acute toxicity often exceeded the effluent 
limitation.   
 
Industrial storm water monitoring has been retained for copper, zinc, and acute toxicity for 
high risk industrial areas and copper and zinc for low risk industrial areas.  Monitoring for 
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TSS and pH have been added in conformance with the statewide Industrial Storm Water 
General Permit.  Oil and grease have been added as another common industrial pollutant.  
Other than copper and zinc, there is limited information on pollutants in storm water from the 
Facility.  Because of this limited information, the Discharger is required to monitor industrial 
high risk areas for all of the NAL pollutants in Table G-1 of Attachment G to this Order.  
Monitoring of these additional pollutants can be discontinued after four consecutive sample 
events where the parameter is not detected or is below the Annual NAL values in Table G-1 
of Attachment G to this Order.   
 
Industrial storm water monitoring frequency has been increased to two storms per 
semiannual period in conformance with the statewide Industrial Storm Water General 
Permit.   
 
Chronic toxicity monitoring has been established in addition to acute toxicity for discharges 
from “Industrial High Risk Areas” to determine reasonable potential. The industrial storm 
water monitoring program is designed to address the following primary questions: 
 Does the runoff meet permit effluent limitations for toxicity thereby ensuring water quality •

standards are achieved in the receiving water? 
 Does the runoff meet the NALs? •
 Is the SWPPP being properly implemented? •
 Is the Facility achieving standards of BAT and BCT? •

 
 The Discharger is required to submit a sampling plan for MS4 storm water discharges within 2.

24 months of the effective date of this Order.  A minimum subset of three representative  
monitoring locations for storm water and dry-weather discharges within the Small MS4 
Areas of the Facility.  These monitoring locations shall be sampled for pollutants identified 
by the Discharger.  Sampling and analysis is required twice per year for storm water and 
twice per year for dry-weather. The Small MS4 monitoring program shall be designed to 
address the following primary questions: 
 Is the SWMP being properly implemented? •
 Is the Facility achieving the standard of reducing pollutants in MS4 discharges to the •

MEP? 
 

 Monitoring requirements for spill and illicit discharges are in this Order to help determine the 3.
effectiveness of the BMP Plan and ensure that appropriate BMPs are properly implemented.  
This log is designed to answer the following primary monitoring questions: 
 Are there more frequent and/or bigger spills at this Facility than at other similar facilities? •
 Are spills and illicit discharges properly addressed and are measures being taken or •

planned to reduce, eliminate, and prevent them in the future? 

 Monitoring requirements for the floating dry dock USS ARCO in this Order are designed to 4.
answer the following primary monitoring question: 
 Is the dry dock properly cleaned prior to flooding? •
 Are pollutants being prevented from contact with Bay waters prior to and during •

flooding? 
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VII. RATIONALE FOR PROVISIONS 

A. Standard Provisions 

Standard Provisions, which apply to all NPDES permits in accordance with 40 CFR section 
122.41, and additional conditions applicable to specified categories of permits in accordance 
with 40 CFR section 122.42, are provided in Attachment D.  The discharger must comply with all 
standard provisions and with those additional conditions that are applicable under 40 CFR 
section 122.42. 

Section 122.41(a)(1) and (b) through (n) of 40 CFR establish conditions that apply to all state-
issued NPDES permits.  These conditions must be incorporated into the permits either 
expressly or by reference.  If incorporated by reference, a specific citation to the regulations 
must be included in this Order.  40 CFR section 123.25(a)(12) allows the state to omit or modify 
conditions to impose more stringent requirements.  In accordance with 40 CFR section 123.25, 
this Order omits federal conditions that address enforcement authority specified in 40 CFR 
sections 122.41(j)(5) and (k)(2) because the enforcement authority under the Water Code is 
more stringent.  In lieu of these conditions, this Order incorporates by reference Water Code 
section 13387(e). 

B. Monitoring and Reporting Program (MRP) Requirements 

Language in this section requires the Discharger to properly implement and submit self-
monitoring reports (SMRs) to the San Diego Water Board and Discharger Monitoring Reports 
(DMRs) for USEPA to the State Water Board.  Telephone and fax numbers are also provided. 
The San Diego Water Board office may be relocated. Dischargers will be notified of new contact 
information. 
 

C. Special Provisions 

1. Reopener Provisions 

This Order includes a list of circumstances when this Order may be reopened. 

2. Special Studies and Additional Monitoring Requirements 

Requirements for a TRE/TIE have been incorporated in the MRP. 
 

3. Best Management Practices and Pollution Prevention 

a. Best Management Practices and Pollution Prevention Plan for Utility Vault and 
Manhole Dewatering Discharges (Utility Vault Plan).  As discussed in sections 
IV.B.2.b and IV.C.4.a of this Fact Sheet, the San Diego Water Board finds that numerical 
effluent limitations are not feasible for discharges from utility vault and manhole 
dewatering discharges.  Federal Regulations at 40 CFR sections 122.44(k)(3) and (4) 
authorize the San Diego Water Board to require BMPs to control or abate the discharge 
of pollutants when numeric effluent limitations are infeasible and when the practices are 
reasonably necessary to achieve effluent limitations and standards or to carry out the 
purposes and intent of the CWA. 
 
The development of pollution prevention practices (PPP) provides the flexibility 
necessary to establish controls which can appropriately address the various utility vault 
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and manhole dewatering discharges.  The pollution prevention practices have two major 
objectives: 

i. To identify situations which allow water to collect in the vault or underground 
structure and lead to a discharge; and 

ii. To describe and ensure the implementation of practices that will reduce 
pollutants in the discharge from normal operations of utility companies. 

Similar to BMPs, pollution prevention practices are designed to prevent or control the 
discharge of pollutants.  They may include a schedule of activities, prohibition of 
practices, maintenance procedures, or other management practices.  The Best 
Management Practices and Pollution Prevention Practices Plan for Utility and Manhole 
Dewatering Discharges (Utility Vault Plan) is a written document that describes the 
operator’s activities to comply with the requirements of this Order.  The Utility Vault Plan 
is intended to evaluate potential pollutant sources at the site and select and implement 
appropriate measures designed to prevent or control the discharge of pollutants.  Order 
No. R9-2002-0002 incorporated the pertinent requirements of Order No. 2001-11-DWQ, 
including the requirement to develop and implement a Utility Vault Plan that included 
BMPs to achieve BAT and BCT.  According to the Case Study for Utility Vault and 
Manhole Dewatering Discharges at Naval Base Point Loma, Naval Base San Diego, and 
Naval Base Coronado submitted by the Discharger in May 2007, the Discharger has 
maintained and implemented the Pollution Prevention Plan for Utility Vault Dewatering 
Discharges as required by Order No. R9-2002-0002, which describes the types of 
discharges, prohibited discharges, pollution prevention practices and BMPs, and 
monitoring and inspections of utility vault and manhole discharges.  Additionally, the 
case study states that the Discharger has implemented procedures to eliminate manhole 
dewatering discharges to surface waters and either pumps the water into an adjacent 
utility manhole or transfers the water to the sanitary sewer system.  However, the 
Discharger acknowledges the potential for rare emergency situations that would require 
dewatering of a utility vault or manhole onto the ground surface. 
 
Order No. 2006-0008-DWQ, replacing Order No. 2001-011-DWQ, includes additional 
specifications for pollution prevention practices for Utility Vault and Manhole Dewatering 
Discharges for dischargers of utility and manhole dewatering discharges.  This Order 
incorporates the additional specifications from Order No. 2006-0008-DWQ.  The 
Discharger is required to maintain and implement their Utility Vault Plan in accordance 
with the requirements of Provision VI.C.3.a of this Order.  For assistance in developing 
the Utility Vault Plan, the Discharger may refer to the California Stormwater BMP 
Handbook – Industrial/Commercial (January 2003 Edition), published by the California 
Stormwater Quality Association, which includes references the Discharger may find 
useful. 

b. BMP Plan for Pier Washing, Marine Mammal Enclosure Cleaning, Pier Boom 
Cleaning, ARCO Dry Dock Pre-flood Cleaning, and Small Boat Rinsing Discharges.  
Due to the nature of activities associated with discharges of pier washing, marine 
mammal enclosure cleaning, pier boom cleaning, ARCO dry dock pre-flood cleaning, 
and small boat rinsing, collecting and treating the associated wastewaters prior to 
discharge is impractical.  Therefore, the San Diego Water Board finds that establishing 
numeric effluent limitations for pollutants in the specified discharges is not feasible.  In 
accordance with 40 CFR sections 122.44(k)(3) and (4), the San Diego Water Board finds 
that the implementation of BMPs in lieu of numeric effluent limitations are appropriate.  
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This Order requires the Discharger to develop and implement a BMP Plan that includes, 
at a minimum, the requirements contained in Attachment I to prevent, or minimize the 
potential for, the release of pollutants to waters of the State and waters of the U.S. 

c. CWC section 13263.3(d)(2) Pollution Prevention Plans. Section 13263.3 of the 
California Water Code states that pollution prevention should be the first step in the 
hierarchy for reducing pollution and managing wastes.  Further, section 13263.3 
(d)(1)(D) states that the San Diego Water Board may require a Discharger to complete 
and implement a pollution prevention plan the San Diego Water Board determines that 
pollution prevention is necessary to achieve a water quality objective.  Based on storm 
water monitoring results discussed in section II.E.1 of this Fact Sheet, the Discharger 
has reasonable potential to exceed the water quality objectives for acute toxicity in 
industrial storm water.  Based on storm water monitoring results discussed in section 
II.D.7 of this Fact Sheet, the Discharger has regularly exceed the benchmarks for copper 
and zinc in industrial storm water.  Pollution prevention is necessary to achieve water 
quality objectives for these constituents.  The Discharger shall develop and implement a 
Pollution Prevention Plan for acute toxicity, copper, and zinc in industrial storm water, 
which at a minimum, meets the requirements outlined in CWC section 13263.3(d)(2), for 
each applicable discharge. 

The Pollution Prevention Plan shall, at a minimum, meet the requirements outlined in 
CWC section 13263.3(d)(2) and in this Order, for each applicable discharge.  The 
minimum requirements for the pollution prevention plans include the following: 
 
i. An analysis of one or more of the pollutants, as directed by the State Water Board, 

San Diego Water Board, or a POTW, that the Facility discharges into waters of the 
State or introduces into POTWs, a description of the sources of the pollutants, and 
a comprehensive review of the processes used by the discharger that result in the 
generation and discharge of the pollutants. 

 
ii. An analysis of the potential for pollution prevention to reduce the generation of the 

pollutants, including the application of innovative and alternative technologies and 
any adverse environmental impacts resulting from the use of those methods. 

 
iii. A detailed description of the tasks and time schedules required to investigate and 

implement various elements of pollution prevention techniques. 
 
iv. A statement of the Discharger’s pollution prevention goals and strategies, including 

priorities for short-term and long-term action. 
 
v. A description of the Discharger’s existing pollution prevention methods. 
 
vi. A statement that the Discharger’s existing and planned pollution prevention 

strategies do not constitute cross media pollution transfers unless clear 
environmental benefits of such an approach are identified to the satisfaction of the 
State Water Board, the San Diego Water Board, or the POTW, and information that 
supports that statement. 

 
vii. Proof of compliance with the Hazardous Waste Source Reduction and Management 

Review Act of 1989 (Article 11.9 (commencing with Section 25244.12) of Chapter 
6.5 of Division 20 of the Health and Safety Code) if the Discharger is also subject to 
that act. 
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viii. An analysis, to the extent feasible, of the relative costs and benefits of the possible 

pollution prevention activities. 
 
ix. A specification of, and rationale for, the technically feasible and economically 

practicable pollution prevention measures selected by the Discharger for 
implementation. 

 
4. Construction, Operation, and Maintenance Specifications 

The construction, operation, and maintenance specifications have been retained from Order 
No. R9-2002-0002. 

5. Special Provisions for Municipal Facilities (POTWs Only) – Not Applicable. 

6. Other Special Provisions – Not Applicable 

VIII. PUBLIC PARTICIPATION 

The San Diego Water Board has considered the issuance of WDRs to serve as an NPDES permit 
for the U.S. Department of the Navy, Naval Base Point Loma.  As a step in the WDR adoption 
process, the San Diego Water Board developed tentative WDRs and has encouraged public 
participation in the WDR adoption process. 

A. Notification of Interested Parties 

The San Diego Water Board notified the Discharger and interested agencies and persons of its 
intent to prescribe WDRs for the discharge and has provided an opportunity to submit written 
comments and recommendations.  Notification was provided through the following: Published in 
the San Diego Union-Tribune on April 21, 2014, posted on the San Diego Water Board website 
on April 21, 2014, and sent by mail on April 21, 2014.   
 
The public had access to the agenda and any changes in dates and locations through the San 
Diego Water Board website at http://www.waterboards.ca.gov/rwqcb9/. 
 

B. Written Comments 

Interested persons were invited to submit written comments concerning these tentative WDRs.  
Comments were due either in person or by mail to the Executive Office at the San Diego Water 
Board at the address above on the cover page of this Order. 

 
To be fully responded to by staff and considered by the San Diego Water Board, written 
comments were due at the San Diego Water Board offices by 5:00 p.m. on May 21, 2014. 
 

C. Public Hearing 

The San Diego Water Board held a public hearing on the tentative WDRs during its regular 
Board meeting on the following date and time and at the following location: 

Date:   June 26, 2014 
Time:   9:00 a.m. 
Location:  California Regional Water Quality Control Board, San Diego Region 
    Board Meeting Room 
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    2375 North Side Drive, Suite 100 
    San Diego, CA  92108 

 
Interested persons were invited to attend.  At the public hearing, the San Diego Water Board 
heard testimony pertinent to the discharge, WDRs, and permit.  For accuracy of the record, 
important testimony was requested in writing. 

D. Reconsideration of Waste Discharge Requirements 

Any person aggrieved by this action of the San Diego Water Board may petition the State Water 
Board to review the action in accordance with CWC section 13320 and CCR title 23, sections 
2050 and following. The State Water Board must receive the petition by 5:00 p.m. 30 days after 
the adoption date of this Order at the following address: 

State Water Resources Control Board 
Office of Chief Counsel 
P.O. Box 100, 1001 I Street 
Sacramento, CA 95812-0100 

Copies of the law and regulations applicable to filing petitions may be found on the internet at: · 

http://www.waterboards.ca.gov/public_notices/petitions/water_quality or will be provided upon 
request. 

E. Information and Copying 

The ROWD, other supporting documents, and comments received are on file and may be 
inspected at the San Diego Water Board address below at any time between 8:00 a.m. and 5:00 
p.m., Monday through Friday.  To request a file review please contact the San Diego Water  
Board receptionist at (619) 516-1990, or email rb9_records@waterboards.ca.gov, or fax (619) 
516-1994 or mail requests to:  

California Regional Water Quality Control Board 
San Diego Region 
Attention: File Review Request 
2375 Northside Drive, Suite 100 
San Diego, CA 92108  

 The office is closed on weekends and on all state Holidays.   
 
Before making a request to view public records in the San Diego Water Board office interested 
persons may wish to determine if the information is already available on the San Diego Water 
Board's website at http://www.waterboards.ca.gov/sandiego or the State Water Board’s website 
at http://www.waterboards.ca.gov. New and updated information is constantly being added to 
these websites. For example the San Diego Water Board's website alphabetical index and the 
State Water Board's Website alphabetical index provide links to many volumes of key 
documents on the State and Regional Water Board's water quality programs.  

The following is a partial list of the documents available:  
• Board Meeting Agendas  
• Board Meeting Minutes  
• Adopted Orders  

mailto:rb9_records@waterboards.ca.gov
http://www.waterboards.ca.gov/sandiego/
http://www.waterboards.ca.gov/sandiego
http://www.waterboards.ca.gov/sandiego/board_info/minutes/
http://www.waterboards.ca.gov/sandiego/board_decisions/adopted_orders/index.shtml
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• Tentative Orders  
• Basin Plan 
• Ocean Plan  

 
F. Register of Interested Persons 

Any person interested in being placed on the mailing list for information regarding this Order 
should contact the San Diego Water Board, reference this facility, and provide a name, address, 
and phone number.  If possible, email address is preferred. 

G. Additional Information 

Requests for additional information or questions regarding this Order should be directed to 
Kristin Schwall at (619) 521-3368 or kschwall@waterboards.ca.gov or to Ben Neill at (619) 521-
3376 or bneill@waterboards.ca.gov. 

 

http://www.waterboards.ca.gov/sandiego/board_decisions/tentative_orders/index.shtml
http://www.waterboards.ca.gov/sandiego/water_issues/programs/basin_plan/index.shtml
mailto:kschwall@waterboards.ca.gov
mailto:bneill@waterboards.ca.gov
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ATTACHMENT G – STORM WATER POLLUTION PREVENTION PLAN (SWPPP) REQUIREMENTS 
FOR INDUSTRIAL AREAS 

 
I. IMPLEMENTATION SCHEDULE 
 

The Discharger shall continue to implement the existing storm water pollution prevention plan 
(SWPPP) for all storm water outfalls from the Facility regulated by Order No. R9-2002-0002 until 
the Discharger has fully completed the implementation of the Storm Water Management Program 
Requirements specified in section IV.E.2 of the Order.  Following full compliance with section IV.E.2 
of the Order, the Discharger may phase out coverage of areas designated as “Small MS4 Area”, as 
defined in section IV.B.1 of the Order, that are adequately addressed under the Storm Water 
Management Program (SWMP).  All storm water outfalls from the Facility are subject to either the 
SWPPP or the SWMP. 

The Discharger shall implement any necessary revisions to its SWPPP to comply with the 
requirements of this Order within 1 year of the effective date of this Order. 

 
II. SWPPP OBJECTIVES 
 

A. The Discharger’s SWPPP shall be prepared and maintained to achieve the following objectives: 

1. To reduce or prevent the discharge of pollutants from industrial activities to the technology-
based standards of best available technology economically achievable (BAT) for toxic and 
non-conventional pollutants, and best conventional pollutant control technology (BCT) for 
conventional pollutants; 

2. To achieve compliance with the Receiving Water Limitations in section V of this Order; 

3. To identify and evaluate sources of pollutants associated with industrial activities that may 
affect the quality of the Facility’s industrial storm water discharges and authorized non-storm 
water discharges; 

4. To identify, describe, and implement site-specific Best Management Practices (BMPs) to 
reduce or prevent pollutants associated with industrial activities in storm water discharges 
and authorized non-storm water discharges; 

5. To identify and implement timely revisions and/or updates to the SWPPP. 

B. To achieve the SWPPP objectives, the Discharger shall prepare a written Facility-specific 
SWPPP in accordance with all applicable SWPPP requirements of this attachment.  The 
SWPPP shall include all required maps, descriptions, schedules, checklists, and relevant copies 
or specific references to other documents that satisfy the requirements of this attachment.  The 
typical development and implementation steps necessary to achieve the described objectives 
are summarized in Item A-2, located at the end of this attachment. 
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III. PLANNING AND ORGANIZATION 
 

A. SWPPP Checklist 

The SWPPP shall include a SWPPP Checklist (Example checklist is included as Item A-1 
below) located at the end of this section.  For each requirement listed, the Discharger shall 
identify the page number where the requirement is located in the SWPPP (or the title, page 
number, and location of any reference documents), the implementation date or last revision 
date, and any SWPPP requirements that may not be applicable to the Facility.   

B. Pollution Prevention Team 

1. The SWPPP shall identify specific individuals and their positions within the Facility 
organization as members of a storm water pollution prevention team responsible for 
developing the SWPPP, assisting the Facility manager in SWPPP implementation and 
revision, and conducting all monitoring program activities required in Attachment E of this 
Order. 

2. The SWPPP shall clearly identify the responsibilities, duties, and activities of each team 
member. 

3. The SWPPP shall identify, as appropriate, alternative individuals to perform the required 
SWPPP and monitoring program activities when team members are temporarily unavailable 
(due to vacation, illness, out of town meetings, etc.). 

C. Review Other Requirements and Existing Facility Plans 

1. The SWPPP shall be developed, implemented, and revised as necessary to be consistent 
with any applicable municipal, State, or Federal requirement that pertains to the 
requirements of this Order. 

2. The SWPPP may incorporate or reference the elements of the Discharger’s existing plans, 
procedures, or regulatory compliance documents that contain storm water pollution control 
practices or otherwise relate to the requirements of this Order.  For example, facilities 
subject to Federal Spill Prevention Control and Countermeasures’ requirements should 
already have instituted a plan to control spills of certain hazardous materials, or facilities 
subject to regional air quality emission controls may already have evaluated industrial 
activities that emit dust or particulate pollutants. 

 
IV. SITE MAP 
 

The SWPPP shall include a site map. The site map shall be provided on an 8 ½  x 11 inch or larger 
sheet and include notes, legends, north arrow, and other data as appropriate to ensure that the site 
map is clear and understandable.  If necessary, the Discharger may provide the required 
information on multiple site maps.  The following information shall be included on the site map: 

 
A. Boundaries and Drainage Areas. Outlines of the Facility boundary, storm water drainage 

areas within the Facility boundary, and portions of any drainage area impacted by discharges 
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from surrounding areas.  Include the flow direction of each drainage area; on-site surface water 
bodies; areas of soil erosion; and location(s) of near-by water bodies (such as rivers, lakes, 
wetlands, etc.) or municipal storm drain inlets that may receive the Facility’s storm water 
discharges and authorized non-storm water discharges. 
 

B. Storm Water Collection and Conveyance System.  The location of the storm water collection 
and conveyance system, associated points of discharge, and direction of flow.  Include any 
structural control measures that affect storm water discharges, authorized non-storm water 
discharges, and run-on.  Examples of structural control measures are catch basins, berms, 
detention ponds, secondary containment, oil/water separators, diversion barriers, etc. 
 

C. Impervious Areas.  The outline of all impervious areas of the Facility, including paved areas, 
buildings, covered storage areas, or other roofed structures. 
 

D. Materials, Spills, and Leaks Locations. Locations where materials are directly exposed to 
precipitation and the locations where significant spills or leaks, identified in accordance with 
section VI.A.4 below, have occurred. 
 

E. Areas of Industrial Activity.  Identify all storage areas and storage tanks, shipping and 
receiving areas, fueling areas, vehicle and equipment storage/maintenance areas, material 
handling and processing areas, waste treatment and disposal areas, dust or particulate 
generating areas, cleaning and reusing areas, and other areas of industrial activity which are 
potential pollutant sources.   

F. Storm Water Risk Level Boundaries. Identify the boundaries of the Industrial High Risk areas, 
Industrial Low Risk areas, Industrial No-Exposure areas, and Small MS4 areas, as defined in 
section IV.B.1 of the Order. 

 
V. LIST OF SIGNIFICANT MATERIALS 
 

The SWPPP shall include a list of significant materials handled and stored at the site.  For each 
material on the list, the locations where the material is stored, received, shipped, and handled, as 
well as the typical quantities and frequencies, shall be described.  The materials list shall include 
raw materials, intermediate products, final or finished products, recycled materials, and waste or 
disposed materials. 
 

VI. DESCRIPTION OF POTENTIAL POLLUTANT SOURCES 
 

A. For each area identified in section IV.E of this Attachment, the SWPPP shall include a narrative 
description of the Facility’s industrial activities, potential pollutant sources, and potential 
pollutants that could be exposed to storm water or authorized non-storm water discharges.  At a 
minimum, the following industrial activities shall be described as applicable: 
 
1. Industrial Processes.  Describe each industrial process including the manufacturing, 

cleaning, maintenance, recycling, disposal, or other activities related to the process.  Include 
the type, characteristics, and approximate quantity of significant materials used in or 
resulting from the process.  Areas protected by containment structures and the 
corresponding containment capacity shall be identified and described. 
 

2. Material Handling and Storage Areas.  Describe each handling and storage area including 
the type, characteristics, and quantity of significant materials handled or stored, description 
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of the shipping, receiving, and loading procedures, and the spill or leak prevention and 
response procedures.  Areas protected by a containment structure and the corresponding 
containment capacity shall be identified and described. 
 

3. Dust and Particulate Generating Activities.  Describe all industrial activities that generate 
dust or particulates that may be deposited within the Facility’s boundaries.  Include their 
discharge locations and the type, characteristics, and quality of dust and particulate 
pollutants that may be deposited within the Facility’s boundaries.  Identify the primary areas 
of the Facility where dust and particulate pollutants would settle. 

 
4. Significant Spills and Leaks.  Identify and describe materials that have spilled or leaked in 

significant quantities in storm water discharges or non-storm water discharges.  Include toxic 
chemicals (listed in 40 CFR Part 302) that have been discharged to storm water as reported 
in USEPA Form R, and oil and hazardous substances in excess of reportable quantities (see 
40 CFR Parts 110, 117, and 302). 
 
The description shall include the location, characteristics, and approximate quantity of the 
materials spilled or leaked, the cleanup or remedial actions that have occurred or are 
planned, the approximate remaining quantity of materials that may be exposed to storm 
water or non-storm water discharges; and the preventative measures taken to ensure spills 
or leaks of the material do no reoccur. 

 
5. Non-Storm Water Discharges.  The Discharger shall inspect the Facility to identify all non-

storm water discharges, sources, and drainage areas.  All drains (inlets and outlets) shall be 
evaluated to identify whether they connect to the storm drain system.   
 
All non-storm water discharges shall be described.  The description shall include the source, 
quantity, frequency, and characteristics of the non-storm water discharges and associated 
drainage area and shall identify whether the discharge is an authorized or unauthorized non-
storm water discharge in accordance with section IV.F of the Order.  Examples of 
unauthorized non-storm water discharges include but are not limited to rinse and wash water 
(whether detergents are used or not), contact and non-contact cooling water, and boiler 
blow-down. 
 

6. Soil Erosion.  Describe the Facility locations where soil erosion may occur as a result of 
industrial activity, storm water discharges associated with industrial activity, or authorized 
non-storm water discharges. 
 

 
VII. ASSESSMENT OF POTENTIAL POLLUTANT SOURCES 
 

A. The SWPPP shall include a narrative assessment of all industrial activities and potential 
pollutant sources as described in accordance with section VI of this Attachment.  To determine 
the likelihood that significant materials will be exposed to storm water or authorized non-storm 
water discharges, the assessment shall include consideration of the quantity, characteristics, 
and locations of each significant material handled, produced, stored, recycled, or disposed; the 
direct and indirect pathways that significant materials may be exposed to storm water or 
authorized non-storm water discharges; history of spills or leaks; non-storm water discharges; 
prior sampling; visual observation, and inspection records; discharges from adjoining areas; and 
the effectiveness of existing BMPs to reduce or prevent pollutants in storm water discharges and 
authorized non-storm water discharges.  At a minimum, the Discharger shall consider: 
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1. The quantity, physical characteristics (liquid, powder, solid, etc.), and locations of each 

significant material handled, produced, stored, recycled, or disposed. 

2. The degree pollutants associated with those materials are exposed to and mobilized by 
contact with storm water. 

3. The direct and indirect pathways that pollutants may be exposed to storm water or 
authorized non-storm water discharges. This shall include an assessment of past spills or 
leaks, non-storm water discharges, and discharges from adjoining areas. 

4. Sampling, visual monitoring, and inspection records. 

5. Effectiveness of existing BMPs to reduce or prevent pollutants in storm water discharges 
and authorized non-storm water discharges. 

B. Based upon the assessment above, the SWPPP shall identify any areas of industrial activity and 
corresponding pollutant sources where significant materials are likely to be exposed to storm 
water or authorized non-storm water discharges and where additional BMPs are necessary to 
reduce or prevent pollutants in storm water discharges and authorized non-storm water 
discharges. 

 
 
VIII. STORM WATER BEST MANAGEMENT PRACTICES 
 

A. The SWPPP shall include a narrative description of BMPs implemented at the Facility.  The 
BMPs, when developed and implemented, shall be effective in reducing or preventing pollutants 
in storm water discharges and authorized non-storm water discharges. 

The BMPs narrative description shall include: 

1. The type of pollutants the BMPs are designed to reduce or prevent. 

2. The frequency, time(s) of day, or conditions when the BMPs are scheduled for 
implementation. 

3. The locations within each area of industrial activity or pollutant source where the BMPs shall 
be implemented. 

4. Identification of the person and/or position responsible for implementing the BMPs. 

5. The procedures, including maintenance procedures, and/or instructions to implement the 
BMPs. 

6. The equipment and tools necessary to implement the BMPs. 

B. The Discharger shall consider non-structural BMPs for implementation at the Facility.  Non-
structural BMPs generally consist of processes, prohibitions, procedures, training, schedule of 
activities, etc., that prevent pollutants associated with industrial activity from contact with storm 
water discharges and authorized non-storm water discharges.  Below is a list of non-structural 
BMPs that shall be considered: 
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1. Good Housekeeping.  Good housekeeping generally consists of practical procedures to 
maintain a clean and orderly facility. 

2. Preventative Maintenance.  Preventative maintenance includes regular inspection and 
maintenance of storm water structural controls (i.e., catch basins, oil/water separators, etc.) 
as well as other facility equipment and systems. 

3. Spill Response.  This includes spill clean-up procedures and necessary clean-up 
equipment based upon the quantities and locations of significant materials that may spill or 
leak. 

4. Material Handling and Storage.  This includes all procedures to minimize the potential for 
spills and leaks and to minimize exposure to significant materials to storm water and 
authorized non-storm water discharges. 

5. Employee Training Program.  This includes the development of a program to train 
personnel responsible for implementing the various compliance activities of this Order 
including BMP implementation, inspections and evaluations, monitoring activities, and storm 
water compliance management.  The training program shall include: 

a. A description of the training program and any training manuals or training materials. 

b. A discussion of the appropriate training frequency. 

c. A discussion of the appropriate personnel to receive training. 

d. A training schedule. 

e. Documentation of all completed training classes and the personnel who received 
training. 

6. Waste Handling/Recycling.  This includes the procedures or processes to handle, store, or 
dispose of waste or recyclable materials. 

7. Record Keeping and Internal Reporting.  This includes the procedures to ensure that all 
records of inspections, spills, maintenance activities, corrective actions, visual observations, 
etc., are developed, retained, and provided, as necessary to the appropriate Facility 
personnel. 

8. Erosion Control and Site Stabilization.  This includes a description of all sediment and 
erosion control activities.  This may include the planting and maintenance of vegetation, 
diversion of run-on and runoff, placement of sandbags, silt screens, or other sediment 
control devices. 

9. Inspections.  Periodic visual inspections of the Facility are necessary to ensure that the 
SWPPP addresses any significant changes to the Facility’s operations or BMP 
implementation procedures. 

a. A minimum of four quarterly visual inspections of all areas of industrial activity and 
associated potential pollutant sources shall be completed each reporting year.  The 
annual comprehensive site compliance evaluation described in section IX of this 
Attachment may substitute for one of the quarterly inspections. 
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b. Tracking and follow-up procedures shall be described to ensure appropriate corrective 
actions and/or SWPPP revisions are implemented. 

c. A summary of the corrective actions and SWPPP revisions resulting from quarterly 
inspections shall be reported in the annual report. 

d. Dischargers shall certify in the annual report that each quarterly visual inspection was 
completed. 

e. All corrective actions and SWPPP revisions shall be implemented in accordance with 
sections XII.D and XII.E of this Attachment. 

10. Quality Assurance.  This includes the management procedures to ensure that the 
appropriate staff adequately implements all elements of the SWPPP and Monitoring 
Program. 

C. Structural BMPs.  Where non-structural BMPs identified in section VIII.B above are not 
effective, structural BMPs shall be considered.  Structural BMPs typically consist of structural 
devices that reduce or prevent pollutants in storm water discharges and authorized non-storm 
water discharges.  Below is a list of structural BMPs that shall be considered: 

1. Overhead Coverage.  This includes structures that protect materials, chemicals, and 
pollutant sources from contact with storm water and authorized non-storm water discharges. 

2. Retention Ponds.  This includes basins, ponds, surface impoundments, bermed areas, etc., 
that do not allow storm water to discharge from the Facility. 

3. Control Devices.  This includes berms or other devices that channel or route run-on and 
runoff away from pollutant sources. 

4. Secondary Containment Structures.  This includes containment structures around storage 
tanks and other areas that collect any leaks or spills. 

5. Treatment.  This includes inlet controls, infiltration devices, oil/water separators, detention 
ponds, vegetative swales, etc., which reduce the pollutants in storm water discharges and 
authorized non-storm water discharges. 

D. The SWPPP shall include a summary identifying each area of industrial activity and associated 
pollutant sources, pollutants, and BMPs in a table similar to Item A-3 at the end of this 
Attachment. 

 
IX. ANNUAL COMPREHENSIVE SITE COMPLIANCE EVALUATION 
 

The Discharger shall conduct one comprehensive site compliance evaluation (evaluation) in each 
reporting period (July 1 – June 30).  Evaluations shall be conducted no less than 8 months from 
each other.  The SWPPP shall be revised, as appropriate, and the revisions implemented within 90 
days of the evaluation.  Evaluations shall include the following: 

 
A. A review of all visual observation records, inspection records, and sampling and analysis 

results.   
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B. A visual inspection of all areas of industrial activity and associated potential pollutant sources for 
evidence of, or the potential for, pollutants entering the drainage system.  A visual inspection of 
equipment needed to implement the SWPPP. 
 

C. A review and evaluation of all BMPs, both structural and non-structural, for each area of 
industrial activity and associated potential pollutant sources to determine whether the BMPs are 
properly designed, implemented, and effective in reducing and preventing pollutants in storm 
water discharges and authorized non-storm water discharges. 

D. An evaluation report that includes: 

1. Identification of personnel performing the evaluation,  

2. Date(s) of the evaluation,  

3. Summary and implementation dates of all significant corrective actions and SWPPP 
revisions for the reporting year 

4. Schedule for implementing any incomplete corrective actions and SWPPP revisions, 

5. Any incidents of non-compliance and the corrective actions taken, and  

6. A certification that the Discharger has completed the quarterly inspections specified in 
section VIII.B.9, above and that the Discharger is complying with this Order.   

7. The evaluation report shall be submitted as part of the annual report, retained for at least 5 
years, and signed and certified in accordance with Standard Provision V.B of Attachment D 
of this Order. 
 

X. NUMERIC ACTION LEVELS (NALS) AND NUMERIC EFFLUENT LIMITATIONS (NELS) 
 
A. Numeric Action Levels (NALs) for all storm water discharges are appropriate numeric thresholds 

that allow a discharger to take corrective action when the Instantaneous Maximum or Annual 
Average NAL are exceeded.  Exceedances of NAL values are not a violation of the Order.  
Dischargers that exceed one of the NAL values shall take the appropriate corrective action as 
set forth in section IV.E.3. of the Order.   

NALs are specified as follows: 
 

Table G-1. NALs for Storm Water 

PARAMETER TEST METHOD1 REPORTING 
UNITS 

ANNUAL 
NAL 

VALUE 
INSTANTANEOUS 

MAXIMUM NAL 

pH 

Field test with 
calibrated portable 
instrument, or lab 

sample in accordance 
with 40 CFR § 136. 

pH units N/A 6.0-9.0 

Suspended 
Solids (TSS), 

Total 
SM2540-D  mg/L 100 400 
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PARAMETER TEST METHOD1 REPORTING 
UNITS 

ANNUAL 
NAL 

VALUE 
INSTANTANEOUS 

MAXIMUM NAL 

Oil & Grease 
(TOG), Total EPA 1664A  mg/L 15 25 

Zinc, Total (H) EPA 200.8  mg/L 0.26 2 - 
Copper, Total 

(H) EPA 200.8  mg/L 0.0332 2 - 

Cyanide, Total SM 4500-CN C, D, or E mg/L 0.022 - 
Lead, Total (H) EPA 200.8  mg/L 0.262 2 - 

Chemical 
Oxygen 
Demand 

SM 5220C  mg/L 120 - 

Aluminum, Total 
(pH 6.5-9.0) EPA 200.8  mg/L 0.75 - 

Iron, Total EPA200.8  mg/L 1.0 - 
Nitrate + Nitrite 

Nitrogen SM 4500-NO3- E  mg/L as N 0.68 - 

Total 
Phosphorus SM 4500-P B+E  mg/L as P 2.0 - 

Ammonia SM 4500-NH3 B+ C or 
E mg/L 2.14 - 

Magnesium, 
total EPA 200.7  mg/L 0.064 - 

Arsenic, Total 
(c) EPA 200.8  mg/L 0.15 - 

Cadmium, Total 
(H) EPA 200.8  mg/L 0.0053 2 - 

Nickel, Total (H) EPA 200.8  mg/l 1.02 2 - 
Mercury, Total EPA 245.1  mg/L 0.0014 - 
Selenium, Total EPA 200.8  mg/L 0.005 - 
Silver, Total (H) EPA 200.8  mg/L 0.0183 2 - 

Biochemical 
Oxygen 
Demand 

SM 5210B  mg/L 30 - 

SM – Standard Methods for the Examination of Water and Wastewater, 18th edition 
EPA – EPA test methods  
1 Test methods with lower detection limits may be necessary when discharging to impaired water bodies.  

Alternate test methods may be approved by the San Diego Water Board. 
2 The NAL is based on the highest hardness because the water near the mouth of the creeks is very 

saline. 
 
 

B. On January 1 of the reporting year following the submittal of the Level 2 ERA Action Plan, a 
Discharger with Level 2 status shall certify and submit a Level 2 ERA Technical Report that 
includes one or more of the following demonstrations:  

1. Industrial Activity BMPs Demonstration.  This shall include the following requirements as 
applicable: 

a. A description of the industrial pollutant sources and corresponding industrial pollutants 
that are or may be related to the NAL exceedance(s); 



UNITED STATES DEPARTMENT OF THE NAVY  ORDER NO. R9-2014-0037 
NAVAL BASE POINT LOMA NPDES NO. CA0109363 
 

 
Attachment G – SWPPP Requirements G-10 
  

b. An evaluation of all pollutant source(s) associated with industrial activity that are or may 
be related to the NAL exceedance(s); 

c. Where all of the Discharger’s implemented BMPs, including additional BMPs identified in 
the Level 2 ERA Action Plan, achieve compliance with the effluent limitations of this 
Order and are expected to eliminate future NAL exceedance(s), the Discharger shall 
provide a description and analysis of all implemented BMPs;. 

d. In cases where all of the Discharger’s implemented BMPs, including additional BMPs 
identified in the Level 2 ERA Action Plan, achieve compliance with the effluent limitations 
of this Order but are not expected to eliminate future NAL exceedance(s), the Discharger 
shall provide the following, in addition to a description and analysis of all implemented 
BMPs: 

i. An evaluation of any additional BMPs that would reduce or prevent NAL 
exceedances; 

ii. An estimated costs of the additional BMPs evaluated; and, 

iii. An analysis describing the basis for the selection of BMPs implemented in lieu of the 
additional BMPs evaluated but not implemented. 

e. The description and analysis of BMPs required in section d.iii above shall specifically 
address the drainage areas where the NAL exceedance(s) responsible for the 
Discharger’s Level 2 status occurred, although any additional Level 2 ERA Action Plan 
BMPs may be implemented for all drainage areas; and, 

f. If an alternative design storm standard for treatment control BMPs in lieu of the design 
storm standard for treatment control BMPs in section IV.E.4 of the Order will achieve 
compliance with the effluent limitations of the Order, the Discharger shall provide an 
analysis describing the basis for the selection of the alternative design storm standard. 

2. Non-Industrial Pollutant Source Demonstration. This shall include: 

a. A statement that the Discharger has determined that the exceedance of the NAL is 
attributable solely to the presence of non-industrial pollutant sources. (The pollutant may 
also be present due to industrial activities, in which case the Discharger must 
demonstrate that the pollutant contribution from the industrial activities by itself does not 
result in an NAL exceedance.) The sources shall be identified as either run-on from 
adjacent properties, aerial deposition from man-made sources, or as generated by on-
site non-industrial sources; 

b. A statement that the Discharger has identified and evaluated all potential pollutant 
sources that may have commingled with storm water associated with the Discharger’s 
industrial activity and may be contributing to the NAL exceedance; and, 

c. A description of any on-site industrial pollutant sources and corresponding industrial 
pollutants that are contributing to the NAL exceedance that are or may be discharged; 

d. An assessment of the relative contributions of the pollutant from (1) storm water run-on 
to the facility from adjacent properties or non-industrial portions of the Discharger’s 
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property or from aerial deposition and (2) the storm water associated with the 
Discharger’s industrial activity; 

e. A summary of all existing BMPs for that parameter; and, 

f. An evaluation of all on-site/off-site analytical monitoring data demonstrating that the NAL 
exceedances are caused by pollutants in storm water run-on to the facility from adjacent 
properties or non-industrial portions of the Discharger’s property or from aerial 
deposition. 

3. Natural Background Pollutant Source Demonstration.  The Natural Background 
Pollutant Source Demonstration Technical Report shall at a minimum, include the following: 

a. A statement that the Discharger has determined that the NAL exceedance of the NAL is 
attributable solely to the presence of the pollutant in the natural background that has not 
been disturbed by industrial activities. (The pollutant may also be present due to 
industrial activities, in which case the Discharger must demonstrate that the pollutant 
contribution from the industrial activities by itself does not result in an NAL exceedance); 

b. A summary of all data previously collected by the Discharger, or other identified data 
collectors, that describes the levels of natural background pollutants in the storm water 
discharge; 

c. A summary of any research and published literature that relates the pollutants evaluated 
at the facility as part of the Natural Background Demonstration; 

d. A map showing the reference site location in relation to facility along with available land 
cover information; 

e. Reference site and test site elevation; 

f. Available geology and soil information for reference and test sites; 

g. Photographs showing site vegetation; 

h. Site reconnaissance survey data regarding presence of roads, outfalls, or other human-
made structures; and  

i. Records from relevant state or federal agencies indicating no known mining, forestry, or 
other human activities upstream of the proposed reference site.  

 

XI. Monitoring Requirements 

Monitoring shall be conducted as specified in the MRP.  The SWPPP shall include a description of 
the following items: 
 
A. Visual observation locations, visual observation procedures, and visual observation follow-up 

and tracking procedures. 
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B. Sampling locations and sample collection procedures.  This shall include procedures for sample 
collection, storage, preservation, and shipping to the testing lab to assure that consistent quality 
control and quality assurance is maintained. 
 

C. Identification of the analytical methods and related method detection limits (if applicable) used to 
detect pollutants in storm water discharges, including a justification that the method detection 
limits are adequate. 

 
XII. SWPPP General Requirements 

A. The SWPPP shall be retained at the Facility and made available upon request of a 
representative of the San Diego Water Board. 

B. Upon notification by the San Diego Water Board or USEPA that the SWPPP does not meet one 
or more of the minimum requirements of this Attachment, the Discharger shall revise the 
SWPPP and implement additional BMPs that are effective in reducing and eliminating pollutants 
in storm water discharges and authorized non-storm water discharges.  As requested, the 
Discharger shall provide an implementation schedule and/or completion certification to the San 
Diego Water Board or USEPA. 

C. The SWPPP shall be revised, as appropriate, and implemented prior to changes in industrial 
activities, which; 

1. May significantly increase the quantities of pollutants in storm water discharges; or 

2. Cause a new area of industrial activity at the Facility to be exposed to storm water; or 

3. Begin an industrial activity that would introduce a new pollutant source at the Facility. 

D. The Discharger shall revise the SWPPP and implement the appropriate BMPs in a timely 
manner and in no case more than 90 days after a Discharger determines that the SWPPP is in 
violation of any Order requirement. 

E. When any part of the SWPPP is infeasible to implement by the deadlines specified above due to 
proposed significant structural changes, the Discharger shall: 

1. Submit a report to the San Diego Water Board that: 

a. Identifies the portion of the SWPPP that is infeasible to implement by the deadline; 

b. Provides justification for a time extension, and a schedule for completing and 
implementing that portion of the SWPPP; and 

c. Describes the BMPs that will be implemented in the interim period to reduce or prevent 
pollutants in storm water discharges and authorized non-storm water discharges. 

2. Comply with any request by the San Diego Water Board to modify the report required in 
Subsection VII.E.1 above, or provide certification that the SWPPP revisions have been 
implemented. 
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F. The SWPPP shall be provided, upon request, to the San Diego Water Board, USEPA, local 
agency, or Compliance Inspection Designees.  The San Diego Water Board under section 
308(b) of the Clean Water Act considers the SWPPP a report that shall be available to the 
public. 

XIII. Authorized Non-Storm Water Discharges Special Requirements 

A. The SWPPP shall address authorized non-storm water discharges and incorporate the 
requirements of section IV.F of this Order. 
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ITEM A-1 
 

STORM WATER POLLUTION PREVENTION PLAN 
EXAMPLE CHECKLIST 

 
Facility Name  _______________________  
 
WDID#   ________________  
 
FACILITY CONTACT CONSULTANT CONTACT 
Name  ______________________  Name  _____________________  
Title  ______________________  Title  _____________________  
Company  ______________________  Company  _____________________  
Street 
Address 

 ______________________  Street 
Address 

 _____________________  

City, State  ______________________  City, State  _____________________  
ZIP  ______________________  ZIP  _____________________  
 

Storm Water Pollution Prevention 
Plan 

Not 
Applicable 

SWPPP Page # or 
Reference Location 

Date Implemented or 
Last Revised 

Signed Certification     
Pollution Prevention Team     
Existing Facility Plans     
Facility Site Map(s) 
Facility Boundaries     
Drainage areas     
Direction of flow     
On-site water bodies     
Areas of soil erosion     
Nearby water bodies     
Municipal storm drain inlets     
Points of discharges     
Structural control measures     
Impervious areas (paved areas, 
buildings, covered areas, roofed 
areas 

    

Location of directly exposed 
materials 

    

Location of significant spills and 
leaks 

    

Storage areas / Storage tanks     
Shipping and receiving areas     
Fueling areas     
Vehicle and equipment storage and 
maintenance 

    

Material handling / Material 
processing 

    

Waste treatment / Waste Disposal     
Dust generation / Particulate 
generation 
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Storm Water Pollution Prevention 
Plan 

Not 
Applicable 

SWPPP Page # or 
Reference Location 

Date Implemented or 
Last Revised 

Cleaning areas / Rinsing areas     
Other areas of industrial activities     
For the NBPL, High Risk area     
List of Significant Materials 
For each material listed:     
Storage location     
Receiving and shipping location     
Handling location     
Quantity     
Frequency     
Description of Potential Pollution Sources 
Industrial Processes     
Material handling and storage areas     
Dust and particulate generating 
activities 

    

Significant spills and leaks     
Non-storm water discharges     
Soil Erosion     
Assessment of Potential Pollutant Sources 
Areas likely to be sources of 
pollutants 

    

Pollutants likely to be present     
Storm Water Best Management Practices 
Non-Structural BMPs     
Good Housekeeping     
Preventative Maintenance     
Spill Response     
Material Handling and Storage     
Employee Training     
Waste Handling / Waste Recycling     
Recordkeeping and Internal 
Reporting 

    

Erosion Control and Site 
Stabilization 

    

Inspections     
Quality Assurance     
Structural BMPs     
Overhead Coverage     
Retention Ponds     
Control Devices     
Secondary Containment Structures     
Treatment     
Industrial Activity BMPs/Pollutant 
Summary 

    

Annual Comprehensive Site Compliance Evaluation 
Review of visual observations, 
inspections, and sampling analysis 
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Storm Water Pollution Prevention 
Plan 

Not 
Applicable 

SWPPP Page # or 
Reference Location 

Date Implemented or 
Last Revised 

Visual inspection of potential 
pollution sources 

    

Review and evaluation of BMPs     
Evaluation Report     
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ITEM A-2 
 

FIVE PHASES FOR DEVELOPING AND IMPLEMENTING INDUSTRIAL 
STORM WATER POLLUTION PREVENTION PLANS 

 

PLANNING AND ORGANIZATION 
 

*Form Pollution Prevention Team 
*Review other plans 

 
 

ASSESSMENT PHASE 
 

*Develop a site map 
*Identify potential pollutant sources 
*Inventory of materials and chemicals 
*List significant spills and leaks 
*Identify non-storm water discharges 
*Assess pollutant risks 

 

BEST MANAGEMENT PRACTICES IDENTIFICATION PHASE 
 

*Non-structural BMPs 
*Structural BMPs 
*Select activity and site-specific BMPs 

 

IMPLEMENTATION PHASE 
 

*Train employees 
*Implement BMPs 
*Collect and review records 

 

EVALUATION/MONITORING 
 

*Conduct annual site evaluation 
*Review monitoring information 
*Evaluate BMPs 
*Review and revise SWPPP 
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ITEM A-3 
EXAMPLE 

ASSESSMENT OF POTENTIAL POLLUTION SOURCES AND 
CORRESPONDING BEST MANAGEMENT PRACTICES SUMMARY 

Area Activity Pollutant Source Pollutant Best Management Practices 

Vehicle & 
Equipment 
Fueling 

Fueling 

Spills and leaks during 
delivery fuel oil 

- Use spill and overflow 
protection 

- Minimize run-on of storm 
water into the fueling area 

- Cover fueling area 

- Use dry cleanup methods 
rather than hosing down area 

- Implement proper spill 
prevention control program 

- Implement adequate 
preventative maintenance 
program to prevent tank and 
line leaks 

- Inspect fueling areas 
regularly to detect problems 
before they occur 

- Train employees on proper 
fueling, cleanup, and spill 
response techniques 

Spills caused by topping 
off fuel tanks fuel oil 

Hosing or washing down 
fuel area fuel oil 

Leaking storage tanks fuel oil 

Rainfall running off fuel 
area, and rainfall running 
onto and off fueling area 

fuel oil 
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ATTACHMENT H – BEST MANAGEMENT PRACTICES AND POLLUTION PREVENTION PLAN 
FOR UTILITY VAULT AND MANHOLE DEWATERING DISCHARGES (UTILITY VAULT PLAN) 

 
I. IMPLEMENTATION 
 

The Discharger shall develop and implement a Best Management Practices and Pollution 
Prevention Plan for Utility Vault and Manhole Dewatering Discharges (Utility Vault Plan) which 
achieves the objectives and the specific requirements listed below.  The existing Utility Vault Plan 
shall continue to be implemented.  The revised Utility Vault Plan shall be implemented as soon as 
possible but no later than 1 year from the effective date of this Order. 

 
II. OBJECTIVE 

 
Through implementation of the Utility Vault Plan, the Discharger shall prevent or minimize the 
generation and the potential for the release of pollutants from the Facility to the waters of the United 
States through normal operations and ancillary activities.  
 

 
III. The Utility Vault Plan shall include, to the extent possible, at least the following items: 
 

A. Provisions for scheduled discharges, unscheduled discharges, reservoir discharges (if any), and 
emergency operation discharges. 

 
B. Pollution Prevention Team.  The Utility Vault Plan shall identify a specific individual or 

individuals as members of a Pollution Prevention Team that are responsible for developing the 
Utility Vault Plan and assisting in its implementation, maintenance, and revision.  The Utility 
Vault Plan shall clearly identify the responsibilities of each team member.  The activities and 
responsibilities of the team shall address all aspects of the Utility Vault Plan. 

 
C. Description of Potential Pollutant Sources.  The Utility Vault Plan shall provide a description 

of potential sources that may add significant amounts of pollutants to discharges.  The Utility 
Vault Plan shall identify all activities and significant materials that may potentially be significant 
pollutant sources.  The Utility Vault Plan shall include at a minimum: 

 
1. Drainage Map.  Provide a map showing the essential features of the distribution system for 

the service area boundary and showing the corresponding surface waters to which water 
may be discharged. 

 
2. Inventory of Exposed Materials.  Include an inventory of the types of materials handled at 

the site that potentially may be exposed to precipitation.  Such inventory shall include a 
description of significant materials that have been handled, treated, stored, or disposed of in 
a manner to allow exposure to storm water from the previous 3 years and the present; 
method and location of onsite storage or disposal; materials management practices 
employed to minimize contact of materials with storm water runoff from the previous 3 years 
and the present; the location and description of existing structural and nonstructural control 
measures to reduce pollutants in storm water runoff; and a description of any treatment the 
storm water receives. 
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3. Spills and Leaks.  Include a list of significant spills and significant leaks of toxic or 
hazardous pollutants that occurred at areas exposed to precipitation or that otherwise enter 
the discharge stream from the previous 3 years through the present.  The list shall be 
updated as appropriate. 

 
4. Risk Identification and Summary of Potential Pollutant Sources.   Include a narrative 

description of the potential pollutant sources, such as from significant dust or particulate 
generating processes.  The description shall specifically list any significant potential source 
of pollutants at the site and, for each potential source; any pollutant or pollutant parameter 
(e.g., oil and grease) of concern shall be identified. 

 
D. Measures and Controls.  The Discharger shall develop a description of BMPs appropriate for 

the site(s), and implement such controls.  The appropriateness and priorities of BMPs in a Utility 
Vault Plan must reflect identified potential sources of pollutants at the site.  Also, the Discharger 
should discuss the advantages and limitations of the Utility Vault Plan.  If relevant, include a 
structural diagram.  The description of wastewater management controls shall address the 
following minimum components, including a schedule for implementing such controls: 

 
1. Good Housekeeping.  Maintain areas that may contribute pollutants to discharges so that 

they are kept clean and orderly.  Store and contain liquid materials in such a manner that if 
the container is ruptured, the contents will not discharge, flow, or be washed into the storm 
drainage system, surface water, or groundwater. 

 
2. Preventative Maintenance.  Inspect and maintain wastewater management devices as well 

as inspect and test site equipment and systems to uncover conditions that could cause 
breakdowns or failures resulting in discharges of pollutants to surface waters, and ensure 
appropriate maintenance of such equipment and systems. 

 
3. Spill Prevention and Response Procedures.  Identify areas where potential spills, can 

contribute to pollutants discharges, and their associated drainage points.  Specify material 
handling procedures, storage requirements, and use of equipment.  Make accessible to the 
appropriate personnel the procedures for cleaning up spills identified in the Utility Vault Plan.  
Note that if the spilled material is hazardous, then the cleanup materials used are also 
hazardous and should be disposed of properly.  For large spills, the assistance of a private 
spill cleanup company or Hazmat may be necessary. 

 
4. Inspections.  Identify qualified personnel, by name or by job title, to inspect designated 

equipment and areas of the site, and ensure that appropriate actions are taken in response 
to the inspections.  Maintain records of inspections.  Inventory and inspect each discharge 
point during dry weather. 

 
5. Employee Training.  Train employees to implement activities identified in the Utility Vault 

Plan.  Address topics such as spill response, good housekeeping, and material 
management practices.  Identify how often training will take place. 

 
6. Record Keeping and Internal Reporting Procedures.  Federal Regulations require that 

any oil spill to a water body be reported to the National Response Center at (800) 424-8802 
(24 hours).  The Discharger shall report spills to the appropriate local agency, such as the 
fire department, to assist in cleanup.  Provide a description of incidents (such as spills or 
other discharges), along with other information describing the quality and quantity of 
discharges.  Document patterns in time of occurrence, mode of dumping, responsible 
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parties, date and time of incident, weather conditions, duration and cause of 
spill/leak/discharge, response procedures, resulting environmental problems, and persons 
notified.  Document inspections and maintenance activities and maintain records of such 
activities.  Include the date and time the inspection was performed, the name of the 
inspector, and the items inspected.  If problems are noted, include the corrective action 
required and the date the action was taken. 

 
7. Sediment and Erosion Control.  Identify areas that, due to topography, activities, or other 

factors, have a high potential for significant soil erosion, and identify structural, vegetative, 
and/or stabilization measures to be used to limit erosion. 

 
8. Management Runoff.  Include a narrative consideration of the appropriateness of traditional 

storm water management practices (practices other than those that control the generation or 
source(s) of pollutants) used to divert, infiltrate, reuse, or otherwise manage runoff in a 
manner that reduces pollutants in discharges from the site.  The Utility Vault Plan shall 
provide measures that the Discharger determines to be reasonable and appropriate 
measures. 

 
E. Comprehensive Site Compliance Evaluation.  Qualified personnel shall conduct site 

compliance evaluations upon each discharge event.  Such evaluations shall provide: 
 

1. The Discharger shall visually inspect for evidence of, or the potential for, pollutants entering 
the receiving water.  Evaluate measures to reduce pollutant loadings to determine whether 
they are adequate and properly implemented in accordance with the terms of this Order or 
whether additional control measures are needed.  Ensure that structural wastewater 
management measures, sediment and erosion control measures, and other structural BMPs 
identified in the Utility Vault Plan are operating correctly.  Perform a visual inspection of 
equipment needed to implement the Utility Vault Plan, such as spill response equipment. 

 
2. Based on the results of the evaluation, the Discharger shall revise, as appropriate, the 

description of potential pollutant sources identified in the Utility Vault Plan in accordance 
with section III.C above and the BMPs identified in the Utility Vault Plan in accordance with 
section III.D above within 2 weeks of such evaluation and shall provide timely 
implementation of any changes to the Utility Vault Plan. 

 
3. Write and retain for 3 years, a report summarizing the scope of the evaluation, personnel 

making the evaluation, the date(s) of the evaluation, major observations relating to the 
implementation of the Utility Vault Plan, and actions taken in accordance with section III.D.2, 
above.  Identify any incidents of noncompliance or certify that the site(s) is in compliance 
with the Utility Vault Plan and this Order.  The report shall be signed in accordance with the 
signatory requirements of Standard Provision V.B. of Attachment D of this Order. 

 
F. Additional requirements include: 
 

1. The Utility Vault Plan shall be designed to comply with BAT/BCT and to ensure compliance 
with water quality standards. 

 
2. The Discharger shall amend the Utility Vault Plan whenever there is a change in 

construction, operation, or maintenance, when such amendment is necessary to ensure 
compliance with BAT/BCT and receiving water limitations.  The Utility Vault Plan shall also 
be amended if it is in violation of any conditions of this Order or has not achieved the 
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general objective of controlling pollutants in discharges to surface waters.  The Discharger 
shall submit the amended the Utility Vault Plan to the San Diego Water Board. 

 
3. The Utility Vault Plan and any amendments thereto shall be certified in accordance with the 

signatory requirements of Standard Provision V.B. of Attachment D of this Order. 
 

 
IV. If an exceedance(s) of a receiving water limitation defined in section V. of this Order, expressed 

either narrative or numerically, has been identified by the Discharger or the San Diego Water Board 
as a result of a discharge from utility vault or manhole dewatering, either of the following actions 
shall be undertaken to ensure compliance with this Order: 

 
A. The Discharger shall submit to the San Diego Water Board with the next quarterly report 

documentation that 1) the Discharger has addressed the cause of the exceedance, 2) the 
Discharger is now fully in compliance with the provision contained in section VI.C.3.a of this 
Order, and 3) implementation of the Utility Vault Plan will prevent future exceedance(s) of the 
receiving water limitations; or 

 
B. The Discharger shall develop and implement a revised Utility Vault Plan with new or revised 

BMPs to prevent future exceedance(s).  The Discharger shall implement such BMPs and 
document the progress of implementation and the effectiveness thereof in the annual report. 
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ATTACHMENT I – BEST MANAGEMENT PRACTICES PLAN FOR PIER BOOM CLEANING, PIER 
WASHING, UNUSED SAN DIEGO BAY WATER FROM BUILDING 111, ABALONE TANK 
DISCHARGES, SMALL BOAT RINSING, MARINE MAMMAL ENCLOSURE CLEANING, MARINE 
MAMMAL POOL DISCHARGES, AND DRY DOCK PRE-FLOOD CLEANING 

I. Implementation 
 

The Discharger shall develop and implement a Best Management Practices (BMP) Plan which 
achieves the objectives and the specific requirements listed below for the activities of pier boom 
cleaning, pier washing, unused San Diego Bay water from building 111, abalone tank discharges, 
small boat rinsing, marine mammal enclosure cleaning, and marine mammal pool discharges, and 
dry dock pre-flood cleaning.  Existing BMP Plans for these activities shall continue to be 
implemented.  The revised BMP Plan for these activities shall be implemented as soon as possible 
but no later than 1 year from the effective date of this Order. 

II. Purpose 
 

Through implementation of the BMP Plan, the Discharger shall prevent or minimize the generation 
and the potential for the release of pollutants from the Facility to the waters of the United States 
through normal operations and ancillary activities.  The BMP Plan shall address at a minimum 
ballast water, pier boom cleaning, pier washing, unused San Diego Bay water from building 111, 
abalone tank discharges, small boat rinsing, marine mammal enclosure cleaning, marine mammal 
pool discharges, and dry dock pre-flood cleaning. 
 

III. Objectives 
 
The Discharger shall develop and amend the BMP Plan consistent with the following objectives for 
the control of pollutants: 
 
A. The number and quantity of pollutants and the toxicity of effluent generated, discharged or 

potentially discharged at the Facility shall be minimized by the Discharger to the extent feasible 
by managing each waste stream in the most appropriate manner. 

 
B. The Discharger shall ensure proper operation and maintenance of the Facility.  Standard 

Operating Procedures (SOPs) may be included in the BMP Plan or referenced. 
 
C. The Discharger shall evaluate each component or system for its waste minimization 

opportunities and its potential for causing a release of significant amounts of pollutants to waters 
of the United States due to equipment failure, improper operation, and natural phenomena such 
as rain or snowfall, or other emergency situation.  The evaluation shall include all normal 
operations and ancillary activities at a minimum related to ballast water, pier boom cleaning, pier 
washing, unused San Diego Bay water from building 111, abalone tank discharges, small boat 
rinsing, marine mammal enclosure cleaning, dry dock pre-flood cleaning, and marine mammal 
pool discharges and any other activities which have the potential to discharge pollutants.  The 
Discharger shall have a plan to address any emergency situation which would result in a 
significant release of pollutants to waters of the United States including those identified in this 
evaluation.  
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IV. Requirements 
 

A. The BMP Plan shall be consistent with the objectives in section III above and the general 
guidance contained in the publication entitled Guidance Manual for Developing Best 
Management Practices (BMPs) (USEPA, 1993) or any subsequent revisions to the guidance 
document.   

 
B. The BMP Plan shall 1) be documented in narrative form, 2) include any necessary plot plans, 

drawings or maps, and 3) be developed in accordance with good engineering practices.   
 

C. The BMP Plan shall be organized and written with the following elements: 

1. Purpose and objectives of the BMP Plan 

2. Name and location of the activity with specific BMPs. 

3. Specific management practices and standard operating procedures to achieve the above 
objectives, including, but not limited to, the following: 

a. Modification of equipment, facilities, technology, processes, and procedures, 

b. Reformulation or redesign of products, 

c. Substitution of materials,  

d. Improvement in management, inventory control, materials handling or general 
operational phases of the facility, and 

e. Materials compatibility. 

4. Good housekeeping. 

5. Preventative maintenance. 

6. Risk identification and assessment. 

7. Reporting of BMP incidents and spills. 

8. Inspections and records. 

9. Employee training. 

D. The BMP Plan shall establish specific BMPs to meet the objectives identified in section III of this 
Attachment, addressing each component or system capable of generating or causing a release 
of significant amounts of pollutants, and identifying specific preventative or remedial measures 
to be implemented. 

E. The BMP Plan shall establish specific BMPs or other measures which ensure that the following 
specific requirements are met: 
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1. Ensure that the discharge of pollutants including, but not limited to, copper, benzo (b) 
fluoranthene, benzo (k) fluoranthene, and chrysene from pier boom, fender, and mooring 
cleaning is reduced to levels that do not exceed water quality objectives. (RPA) 
 

2. Ensure that discharge of pollutants including, but not limited to, copper and zinc in dry dock 
flood water is reduced to levels that do not exceed water quality objectives. (RPA and 
Benchmarks)  

 
F. The BMP Plan shall include a statement this BMP Plan fulfills the requirements of this Order 

and shall be signed and certified in accordance with the signatory requirements of Standard 
Provision V.B. of Attachment D.  

 
V. Documentation 
 

The Discharger shall maintain a copy of the BMP Plan at the Facility and shall make it available to 
the San Diego Water Board upon request.  All offices of the Discharger which are required to 
maintain a copy of the NPDES permit shall also maintain a copy of the BMP Plan. 
 
 

VI. BMP Plan Modification 
 
The Discharger shall amend the BMP Plan whenever there is a change in the facility or in the 
operation of the facility which materially increases the generation of pollutants or their release or 
potential release to the receiving waters.  The Discharger shall also amend the BMP Plan, as 
appropriate, when operations covered by the BMP Plan change.  Any such changes to the BMP 
Plan shall be consistent with the objectives and specific requirements listed above.  All changes in 
the BMP Plan shall be reported to the San Diego Water Board in writing. 
 
 

VII. Modification for Ineffectiveness 
 
At any time, if the BMP Plan proves to be ineffective in achieving the general objective of preventing 
and minimizing the generation of pollutants and their release and potential release to the receiving 
waters and/or the specific requirements above, the Order and/or the BMP Plan shall be subject to 
modification to incorporate revised BMP requirements. 
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ATTACHMENT J – DISCHARGE PROHIBITIONS CONTAINED IN THE BASIN PLAN 

 
I. Basin Plan Discharge Prohibitions 

A. The discharge of waste to waters of the State in a manner causing, or threatening to cause a 
condition of pollution, contamination or nuisance as defined in Water Code section 13050, is 
prohibited. 

B. The discharge of waste to land, except as authorized by WDRs of the terms described in Water 
Code section 13264 is prohibited. 

C. The discharge of pollutants or dredged or fill material to waters of the United States except as 
authorized by an NPDES permit or a dredged or fill material permit (subject to the exemption 
described in Water Code section 13376) is prohibited. 

D. Discharges of recycled water to lakes or reservoirs used for municipal water supply or to inland 
surface water tributaries thereto are prohibited, unless this San Diego Water Board issues an 
NPDES permit authorizing such a discharge; the proposed discharge has been approved by the 
State of California Department of Public Health and the operating agency of the impacted 
reservoir; and the discharger has an approved fail-safe long-term disposal alternative. 

E. The discharge of waste to inland surface waters, except in cases where the quality of the 
discharge complies with applicable receiving water quality objectives, is prohibited.  Allowances 
for dilution may be made at the discretion of the San Diego Water Board.  Consideration would 
include streamflow data, the degree of treatment provided and safety measures to ensure 
reliability of facility performance.  As an example, discharge of secondary effluent would 
probably be permitted if streamflow provided 100:1 dilution capability. 

F. The discharge of waste in a manner causing flow, ponding, or surfacing on lands not owned or 
under the control of the discharger is prohibited, unless the discharge is authorized by the San 
Diego Water Board. 

G. The dumping, deposition, or discharge of waste directly into waters of the State, or adjacent to 
such waters in any manner which may permit it being transported into the waters, is prohibited 
unless authorized by the San Diego Water Board. 

H. Any discharge to a storm water conveyance system that is not composed entirely of storm water 
is prohibited unless authorized by the San Diego Water Board.  [The federal regulations, 40 
CFR 122.26(b)(13), define storm water as storm water runoff, snow melt runoff, and surface 
runoff and drainage.  40 CFR 122.26(b)(2) defines an illicit discharge as any discharge to a 
storm water conveyance system that is not composed entirely of storm water except discharges 
pursuant to an NPDES permit and discharges resulting from fire fighting activities.]  [Section 
122.26 amended at 56 FR 56553, November 5, 1991; 57 FR 11412, April 2, 1992]. 

I. The unauthorized discharge of treated or untreated sewage to waters of the State or to a storm 
water conveyance system is prohibited. 

J. The discharge of industrial wastes to conventional septic tank/subsurface disposal systems, 
except as authorized by the terms described in Water Code section 13264, is prohibited. 
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K. The discharge of radioactive wastes amenable to alternative methods of disposal into the 
waters of the State is prohibited. 

L. The discharge of any radiological, chemical, or biological warfare agent into waters of the State 
is prohibited. 

M. The discharge of waste into a natural or excavated site below historic water levels is prohibited 
unless the discharge is authorized by the San Diego Water Board. 

N. The discharge of sand, silt, clay, or other earthen materials from any activity, including land 
grading and construction, in quantities which cause deleterious bottom deposits, turbidity or 
discoloration in waters of the State or which unreasonably affect, or threaten to affect, beneficial 
uses of such waters is prohibited. 

O. The discharge of treated or untreated sewage from vessels to Mission Bay, Oceanside Harbor, 
Dana Point Harbor, or other small boat harbors is prohibited. 

P. The discharge of untreated sewage from vessels to San Diego Bay is prohibited. 

Q. The discharge of treated sewage from vessels to portions of San Diego Bay that are less than 
30 feet deep at MLLW is prohibited. 

R. The discharge of treated sewage from vessels, which do not have a properly functioning USCG 
certified Type 1 or Type II marine sanitation device, to portions of San Diego Bay that are 
greater than 30 feet deep at MLLW is prohibited.   
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ATTACHMENT K – SEDIMENT MONITORING AND ANALYSIS 

 
 
I. SEDIMENT MONITORING DETAILED REQUIREMENTS 
 

A. Field Procedures 

1. All samples shall be collected using a grab sampler. 

2. Benthic samples shall be screened through a 1.0 mm-mesh screen. 

3. Surface sediment from within the upper 5 cm shall be collected for chemistry and 
toxicity analyses. 

4. The entire contents of the grab sample, with a minimum penetration depth of 5 cm, 
shall be collected for benthic community analysis. 

5. Bulk sediment chemical analysis will include at a minimum the pollutants identified in 
Table K-1. 

B. Laboratory Testing 

All samples will be tested in accordance with U.S. Environmental Protection Agency 
(USEPA) or American Society for Testing and Materials (ASTM) methodologies where 
such methods exist. Where no USEPA or ASTM methods exist, the State Water Board 
or Regional Water Quality Control Boards (San Diego Water Boards) (collectively Water 
Boards) shall approve the use of other methods. Analytical tests shall be conducted by 
laboratories certified by the California Department of Health Services in accordance with 
Water Code Section 13176. 

 
C. Sediment Toxicity 

A 10-Day amphipod survival test shall be performed using a species tolerant of the 
sample salinity and grain size characteristics (e.g., Hyalella azteca or Eohaustorius 
estuaries).  The results shall be recorded as “Percent of control survival”. 

 
D. Sediment Chemistry 

All samples shall be tested for the analytes specified in Table K-1.  In water bodies 
where other toxic pollutants are believed to pose risk to benthic communities, those toxic 
pollutants shall be identified and included by the Discharger.  Inclusion of the additional 
analytes cannot be used in the exposure assessment, however the data can be used to 
conduct more effective stressor identification studies as described in the Sediment 
Quality Policy. 
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Table K-1. List of Chemical Analytes Needed to Characterize Sediment 
Contamination Exposure and Effect. 

Chemical Name Chemical 
Group 

 Chemical Name Chemical 
Group 

Total Organic Carbon General  o,p’-DDE Pesticide 
Percent Fines General  o,p’-DDD Pesticide 
Cadmium Metal  o,p’-DDT Pesticide 
Copper Metal  p,p’-DDD Pesticide 
Lead Metal  p,p’-DDE Pesticide 
Mercury Metal  p,p’-DDT Pesticide 
Zinc Metal  2,4'-Dichlorobiphenyl PCB congener 
Acenaphthene PAH  2,2',5-Trichlorobiphenyl PCB congener 
Anthracene PAH  2,4,4'-Trichlorobiphenyl PCB congener 
Biphenyl PAH  2,2',3,5'-Tetrachlorobiphenyl PCB congener 
Naphthalene PAH  2,2',5,5'-Tetrachlorobiphenyl PCB congener 
2,6-
dimethylnaphthalene PAH  2,3',4,4'-Tetrachlorobiphenyl PCB congener 

Fuorene PAH  2,2',4,5,5'-
Pentachlorobiphenyl PCB congener 

1-methylnaphthalene PAH  2,3,3',4,4'-
Pentachlorobiphenyl PCB congener 

2-methylnaphthalene PAH  2,3',4,4',5-
Pentachlorobiphenyl PCB congener 

1-methylphenanthrene PAH  2,2',3,3',4,4'-
Hexachlorobiphenyl PCB congener 

Phenanthrene PAH  2,2',3,4,4',5'-
Hexachlorobiphenyl PCB congener 

Benzo(a)anthracene PAH  2,2',4,4',5,5'-
Hexachlorobiphenyl PCB congener 

Benzo(a)pyrene PAH  2,2',3,3',4,4',5-
Heptachlorobiphenyl PCB congener 

Benzo(e)pyrene PAH  2,2',3,4,4',5,5'-
Heptachlorobiphenyl PCB congener 

Chrysene PAH  2,2',3,4',5,5',6-
Heptachlorobiphenyl PCB congener 

Dibenz(a,h)anthracene PAH  2,2',3,3',4,4',5,6-
Octachlorobiphenyl PCB congener 

Fluoranthene PAH  2,2',3,3',4,4',5,5',6-
Nonachlorobiphenyl PCB congener 

Perylene PAH  Decachlorobiphenyl PCB congener 
Pyrene PAH    
Alpha Chlordane Pesticide    
Gamma Chlordane Pesticide    
Trans Nonachlor Pesticide    
Dieldrin Pesticide    
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E. Benthic Community Condition 

The Discharger shall identify all benthic invertebrates at the sample locations and 
reference stations to the lowest possible taxon and counted. 
 
The Discharger shall identify the abundance of sensitive indicator taxa, tolerant indicator 
taxa, and total abundance.  The Discharger shall then compare the results from the 
sampling locations to the reference locations. 
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ATTACHMENT L – ELEMENTS FOR SMALL MUNICIPAL (MILITARY BASE) SEPARATE 
STORM SEWER SYSTEM (MS4) – STORM WATER MANAGEMENT PROGRAM (SWMP) 
 
I. SIX MINIMUM CONTROL MEASURES. The SWMP shall describe BMPs, and associated 

measurable goals, that fulfill the requirements of the following six Minimum Control 
Measures: 

A. Public Education and Outreach on Storm Water Impacts.  The SWMP shall contain a 
written plan to distribute educational materials to the target audiences identified below, 
or conduct equivalent outreach activities about the effects of storm water discharges on 
water bodies and the steps that the target audiences can take to reduce pollutants in 
storm water runoff  
 
The SWMP shall contain a list of target audience groups consisting of civilian, contactor, 
retailers military personnel (including dependents) that are present on the Facility and 
may be conducting activities that could have potential adverse effect(s) to water quality. 

B. Public Involvement/Participation Program.  The SWMP shall contain a written Public 
Involvement/Participation Program to: 

1. Regularly encourage public participation in the development and implementation of 
the SWMP; 

2. Establish a platform for the public and target audiences to provide input into the 
development and implementation of the SWMP; 

3. Solicit public reporting of suspected illicit discharges via telephone and writing; and 

4. Implement procedures for the receipt and consideration of verbal or written public 
inquires, concerns, and information submitted by the public.   

C. Illicit Discharge Detection and Elimination.  The SWMP shall contain a written Illicit 
Discharge Detection and Elimination Program containing the following elements: 

1. A written program to detect and eliminate illicit discharges (as defined at 40 CFR 
§122.26(b)(2)) into the storm water drainage systems; 

2. A storm sewer system map, showing the location of all storm water drainage 
systems, outfalls and the names and locations of all waters of the U.S. that receive 
discharges from those outfalls; 

3. A prohibition against non-storm water discharges into the storm water drainage 
system except as allowed under Non-Storm Water Specifications IV.F of this Order; 

4. A plan to detect and address non-storm water discharges, including illegal dumping, 
to the MS4 system that are not authorized by a separate NPDES permit; 

5. A plan to inform the target audiences of the hazards that are generally associated 
with illegal discharges and improper disposal of waste; and 
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6. A plan to address the categories of non-storm water discharges or flows as specified 
in Non-Storm Water Specification IV.F of this Order (i.e., authorized non-storm water 
discharges) only where they are identified as significant contributors of pollutants to 
the storm water collection system. 

D. Construction Site Storm Water Runoff Control.  The SWMP shall contain a written 
Construction Site Storm Water Runoff Control program to reduce pollutants in any storm 
water runoff to the MS4 from construction activities that result in a land disturbance of 
greater than or equal to one acre. Reduction of storm water discharges from 
construction activity disturbing less than one acre must be included in the program if that 
construction activity is part of a larger common plan of development or sale that would 
disturb one acre or more.  The program must, at a minimum, include the development 
and implementation of: 

1. Mechanisms to require erosion and sediment controls, as well as enforcement 
mechanisms, to ensure compliance; 

2. Requirements for construction site operators to implement appropriate erosion and 
sediment control BMPs; 

3. Requirements for construction site operators to control waste such as discarded 
building materials, concrete truck washout, chemicals, litter, and sanitary waste at 
the construction site that may cause adverse impacts to water quality; 

4. Procedures for site plan review which incorporate consideration of potential water 
quality impacts;  

5. Procedures for receipt and consideration of information submitted by the public.  The 
Discharger shall demonstrate acknowledgement and consideration of the information 
submitted, whether submitted verbally or in writing; and 

6. Procedures for site inspection and enforcement of control measures. 

7. Procedures for verifying that the site has existing coverage under California’s 
statewide General NPDES Permit for Storm Water Discharges Associated with 
Construction Activities (hereinafter General Construction Permit).  

E. Post-Construction Storm Water Management in New Development and 
Redevelopment.   The SWMP shall contain a written Post-Construction Storm Water 
Management Program to: 

1. Address storm water runoff from new development and redevelopment projects that 
disturb greater than or equal to one acre, including projects less than one acre that 
are part of a larger common plan of development, that discharge into the storm water 
drainage system by ensuring that controls are in place that would prevent or 
minimize water quality impacts, and that are designed to maintain pre-project runoff 
condition 

2. Develop and implement water quality strategies, which include a combination of 
structural and/or non-structural BMPs appropriate for the Facility; 
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3. Develop or use a mechanism to address post-construction runoff from new 
development and redevelopment projects. 

4. Ensure adequate long-term operation and maintenance of water quality BMPs.   

5. Maintain and regularly update an inventory of BMPs installed pursuant to the SWMP.  
The inventory shall include, at a minimum: 

a. Exact location of BMP(s); 

b. Contact information for the individual or entity responsible for long term BMP 
operation and maintenance; 

c. A description of the BMP and the year it was installed; 

d. Maintenance required; 

e. Actual inspection/maintenance activities that occurred during the reporting year; 
and 

f. An assessment by the Discharger if proper operation and maintenance occurred 
during the year, and if not, what actions the Discharger has taken, or will take, to 
address the deficiencies. 

F. Pollution Prevention/Good Housekeeping.  The SWMP shall contain a written 
Pollution Prevention/Good Housekeeping Program that is sufficient to minimize pollutant 
runoff from on-site operations.  The Discharger may incorporate by reference, other 
plans implemented at the Facility (i.e., SWPPP and BMP Plan) that address similar 
goals. The Discharger shall : 

1. Develop and implement an operation and maintenance program that includes a 
training component and has the ultimate goal of preventing or reducing pollutant 
runoff from Facility operations: and  

2. Using training materials that are available from USEPA, the State, or other 
organizations, include target audience training to prevent and reduce storm water 
pollution from activities such as park and open space maintenance, fleet building 
maintenance, new construction and land disturbances, and storm water system 
maintenance. 

II. MEASUREABLE GOALS.  The SWMP must identify the measurable goals for each of the 
BMPs, including, as appropriate, the months and years for scheduled actions, including 
interim milestones and the frequency of the action. 

 
III. SWMP ANNUAL REVIEW.   The SWMP shall be reviewed annually and revised as 

necessary.  A summary of each annual review, the identified inadequacies, and any planned 
efforts to address the identified inadequacies shall be maintained as an attachment to the 
SWMP for a minimum of 5 years. 
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ATTACHMENT M – STORM WATER RISK LEVEL DESIGNATION TABLE 
 

Listing of NBPL Storm Water Discharge Locations 

Discharge 
Point 

Navy ID 
Number Type Outfall Risk 

Level Latitude Longitude Receiving 
Water 

NBPL-001 Main Base-1 Municipal Non-Industrial 32° 40' 44'' N 117° 14' 16'' W San Diego Bay 

NBPL-002 Main Base-2 Municipal Non-Industrial 32° 40' 48'' N 117° 14' 17'' W San Diego Bay 

NBPL-003 Main Base-3 Municipal Non-Industrial 32° 40' 53'' N 117° 14' 17'' W San Diego Bay 

NBPL-004 Main Base-5 Municipal Non-Industrial 32° 41' 0'' N 117° 14' 11'' W San Diego Bay 

NBPL-005 Main Base-6 Municipal Non-Industrial 32° 41' 0'' N 117° 14' 11'' W San Diego Bay 

NBPL-006 Main Base-7 Municipal Non-Industrial 32° 41' 3'' N 117° 14' 8'' W San Diego Bay 

NBPL-007 Main Base-8 Municipal Non-Industrial 32° 41' 4'' N 117° 14' 6'' W San Diego Bay 

NBPL-008 Main Base-9 Municipal Non-Industrial 32° 41' 8'' N 117° 14' 9'' W San Diego Bay 

NBPL-009 Main Base-10 Municipal Non-Industrial 32° 41' 12'' N 117° 14' 11'' W San Diego Bay 

NBPL-011 Main Base-11 Industrial Low Risk 32° 41' 13'' N 117° 14' 15'' W San Diego Bay 

NBPL-012 Main Base-11A Industrial Low Risk 32° 41' 13'' N 117° 14' 14'' W San Diego Bay 

NBPL-013 Main Base-11B Municipal Non-Industrial 32° 41' 11'' N 117° 14' 17'' W San Diego Bay 

NBPL-014 MainBase12 Municipal Non-Industrial 32° 41' 17'' N 117° 14' 17'' W San Diego Bay 

NBPL-015 Main Base-13 Municipal Non-Industrial 32° 41' 21'' N 117° 14' 20'' W San Diego Bay 

NBPL-016 Main Base-14 Municipal Non-Industrial 32° 41' 27'' N 117° 14' 23'' W San Diego Bay 

NBPL-017 Main Base-15 Municipal Non-Industrial 32° 41' 29'' N 117° 14' 23'' W San Diego Bay 

NBPL-018 Main Base-18 Municipal Non-Industrial 32° 41' 39'' N 117° 14' 23'' W San Diego Bay 

NBPL-019 Main Base-19 Municipal Non-Industrial 32° 41' 44'' N 117° 14' 27'' W San Diego Bay 

NBPL-020 Main Base-20 Municipal Non-Industrial 32° 41' 46'' N 117° 14' 25'' W San Diego Bay 

NBPL-021 Main Base-22A Municipal Non-Industrial 32° 41' 14'' N 117° 14' 15'' W San Diego Bay 

NBPL-022 Main Base-22B Municipal Non-Industrial 32° 41' 14'' N 117° 14' 15'' W San Diego Bay 

NBPL-023 Main Base-22C Municipal Non-Industrial 32° 41' 14'' N 117° 14' 15'' W San Diego Bay 

NBPL-024 Main Base-22D Municipal Non-Industrial 32° 41' 14'' N 117° 14' 16'' W San Diego Bay 

NBPL-025 Main Base-22F Municipal Non-Industrial 32° 41' 16'' N 117° 14' 16'' W San Diego Bay 

NBPL-026 Main Base-22G Municipal Non-Industrial 32° 41' 16'' N 117° 14' 17'' W San Diego Bay 

NBPL-027 Main Base-22H Municipal Non-Industrial 32° 41' 16'' N 117° 14' 17'' W San Diego Bay 

NBPL-028 Main Base-22I Municipal Non-Industrial 32° 41' 17'' N 117° 14' 17'' W San Diego Bay 

NBPL-029 Main Base-22K Municipal Non-Industrial 32° 41' 17'' N 117° 14' 18'' W San Diego Bay 

NBPL-030 Main Base-23A Municipal Non-Industrial 32° 41' 18'' N 117° 14' 18'' W San Diego Bay 

NBPL-031 Main Base-23B Industrial Low Risk 32° 41' 19'' N 117° 14' 18'' W San Diego Bay 
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Listing of NBPL Storm Water Discharge Locations 

Discharge 
Point 

Navy ID 
Number Type Outfall Risk 

Level Latitude Longitude Receiving 
Water 

NBPL-032 Main Base-23D Municipal Non-Industrial 32° 41' 19'' N 117° 14' 18'' W San Diego Bay 

NBPL-033 Main Base-23E Municipal Non-Industrial 32° 41' 20'' N 117° 14' 19'' W San Diego Bay 

NBPL-034 Main Base-23J Municipal Non-Industrial 32° 41' 21'' N 117° 14' 20'' W San Diego Bay 

NBPL-035 Main Base-24 Industrial Low Risk 32° 41' 23'' N 117° 14' 18'' W San Diego Bay 

NBPL-036 Main Base-25 Industrial Low Risk 32° 41' 21'' N 117° 14' 11'' W San Diego Bay 

NBPL-037 Main Base-26 Industrial High Risk 32° 41' 16'' N 117° 14' 6'' W San Diego Bay 

NBPL-038 Main Base-27 Industrial High Risk 32° 41' 13'' N 117° 14' 9'' W San Diego Bay 

NBPL-039 Main Base-28 Industrial High Risk 32° 41' 17'' N 117° 14' 5'' W San Diego Bay 

NBPL-040 Main Base-29 Municipal Non-Industrial 32° 41' 3'' N 117° 14' 7'' W San Diego Bay 

NBPL-041 Main Base-30 Municipal Non-Industrial 32° 41' 5'' N 117° 14' 6'' W San Diego Bay 

NBPL-042 Main Base-31 Industrial Low Risk 32° 41' 50'' N 117° 14' 39'' W San Diego Bay 

NBPL-043 
Main Base-31 

(Sample 
Location) 

Industrial No Exposure 32° 41' 48'' N 117° 14' 39'' W San Diego Bay 

NBPL-044 Main Base-32A Municipal Non-Industrial 32° 41' 24'' N 117° 14' 21'' W San Diego Bay 

NBPL-045 Main Base-32C Municipal Non-Industrial 32° 41' 23'' N 117° 14' 20'' W San Diego Bay 

NBPL-046 Main Base-33 Municipal Non-Industrial 32° 40' 53'' N 117° 14' 17'' W San Diego Bay 

NBPL-047 Main Base-52 Industrial Low Risk 32° 42' 27'' N 117° 15' 18'' W Pacific Ocean 

NBPL-048 Main Base-53 Municipal Non-Industrial 32° 41' 21'' N 117° 14' 20'' W San Diego Bay 

NBPL-049 Main Base-54 Municipal Non-Industrial 32° 41' 20'' N 117° 14' 19'' W San Diego Bay 

NBPL-050 Main Base-55 Municipal Non-Industrial 32° 41' 19'' N 117° 14' 18'' W San Diego Bay 

NBPL-051 Main Base-56 Municipal Non-Industrial 32° 41' 19'' N 117° 14' 18'' W San Diego Bay 

NBPL-052 Main Base-57 Municipal Non-Industrial 32° 41' 22'' N 117° 14' 19'' W San Diego Bay 

NBPL-053 Main Base-58 Municipal Non-Industrial 32° 41' 12'' N 117° 14' 11'' W San Diego Bay 

NBPL-054 Main Base-59 Municipal Non-Industrial 32° 40' 59'' N 117° 14' 13'' W San Diego Bay 

NBPL-055 Main Base-60 Municipal Non-Industrial 32° 41' 3'' N 117° 14' 8'' W San Diego Bay 

NBPL-056 Main Base-62 Municipal Non-Industrial 32° 41' 10'' N 117° 14' 2'' W San Diego Bay 

NBPL-057 Main Base-63 Municipal Non-Industrial 32° 41' 10'' N 117° 14' 1'' W San Diego Bay 

NBPL-058 Main Base-64 Municipal Non-Industrial 32° 41' 11'' N 117° 14' 0'' W San Diego Bay 

NBPL-059 Main Base-65 Municipal Non-Industrial 32° 41' 11'' N 117° 14' 0'' W San Diego Bay 

NBPL-060 MSF-1 Municipal Non-Industrial 32° 41' 36'' N 117° 14' 22'' W San Diego Bay 

NBPL-061 MSF-3 Municipal Non-Industrial 32° 41' 37'' N 117° 14' 19'' W San Diego Bay 

NBPL-062 MSF-4 Municipal Non-Industrial 32° 41' 37'' N 117° 14' 23'' W San Diego Bay 
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Attachment M – Storm Water Risk Level Designation M-3 

Listing of NBPL Storm Water Discharge Locations 

Discharge 
Point 

Navy ID 
Number Type Outfall Risk 

Level Latitude Longitude Receiving 
Water 

NBPL-063 MSF-5 Municipal Non-Industrial 32° 41' 38'' N 117° 14' 23'' W San Diego Bay 

NBPL-064 MSF-6 Municipal Non-Industrial 32° 41' 43'' N 117° 14' 24'' W San Diego Bay 

NBPL-065 MSF-7 Municipal Non-Industrial 32° 41' 38'' N 117° 14' 23'' W San Diego Bay 

NBPL-066 MSF-8 Municipal Non-Industrial 32° 41' 33'' N 117° 14' 22'' W San Diego Bay 

NBPL-067 MSF-SF1 Municipal Non-Industrial 32° 41' 46'' N 117° 14' 24'' W San Diego Bay 

NBPL-068 MSF-SF2 Municipal Non-Industrial 32° 41' 42'' N 117° 14' 24'' W San Diego Bay 

NBPL-069 MSF-SF3 Municipal Non-Industrial 32° 41' 35'' N 117° 14' 22'' W San Diego Bay 

NBPL-070 MSF-SF4 Municipal Non-Industrial 32° 41' 34'' N 117° 14' 22'' W San Diego Bay 

NBPL-071 MSF-SF5 Municipal Non-Industrial 32° 41' 33'' N 117° 14' 22'' W San Diego Bay 

NBPL-072 FLC-1 Industrial No Exposure 32° 42' 4'' N 117° 14' 17'' W San Diego Bay 

NBPL-073 FLC-2 Industrial No Exposure 32° 42' 1'' N 117° 14' 18'' W San Diego Bay 

NBPL-074 FLC-4 Municipal Non-Industrial 32° 41' 54'' N 117° 14' 21'' W San Diego Bay 

NBPL-075 FLC-6 Municipal Non-Industrial 32° 41' 55'' N 117° 14' 22'' W San Diego Bay 

NBPL-076 FLC-7 Industrial No Exposure 32° 42' 12'' N 117° 14' 20'' W San Diego Bay 

NBPL-077 FLC-8 Industrial No Exposure 32° 42' 23'' N 117° 14' 21'' W San Diego Bay 

NBPL-078 FLC-10 Industrial No Exposure 32° 42' 2'' N 117° 14' 12'' W San Diego Bay 

NBPL-079 FLC-12 Municipal Non-Industrial 32° 41' 59'' N 117° 14' 20'' W San Diego Bay 

NBPL-080 FLC-14 Municipal Non-Industrial 32° 41' 57'' N 117° 14' 22'' W San Diego Bay 

NBPL-081 FLC-15 Municipal Non-Industrial 32° 41' 53'' N 117° 14' 21'' W San Diego Bay 

NBPL-082 FLC-OLF 1 Municipal Non-Industrial 32° 41' 53'' N 117° 14' 18'' W San Diego Bay 

NBPL-083 SSC PLC-1 Municipal Non-Industrial 32° 42' 23'' N 117° 14' 12'' W San Diego Bay 

NBPL-084 SSC PLC-2 Industrial Low Risk 32° 42' 19'' N 117° 14' 11'' W San Diego Bay 

NBPL-085 SSC PLC-3 Municipal Non-Industrial 32° 42' 16'' N 117° 14' 11'' W San Diego Bay 

NBPL-086 SSC PLC-5 Industrial Low Risk 32° 42' 15'' N 117° 14' 11'' W San Diego Bay 

NBPL-087 SSC PLC-6 Municipal Non-Industrial 32° 42' 16'' N 117° 14' 11'' W San Diego Bay 

NBPL-088 SSC PLC-7 Municipal Non-Industrial 32° 42' 16'' N 117° 14' 11'' W San Diego Bay 

NBPL-089 SSC PLC-8 Municipal Non-Industrial 32° 42' 14'' N 117° 14' 11'' W San Diego Bay 

NBPL-090 SSC PLC-9 Municipal Non-Industrial 32° 42' 14'' N 117° 14' 11'' W San Diego Bay 

NBPL-091 SSC PLC-10 Industrial Low Risk 32° 42' 12'' N 117° 14' 11'' W San Diego Bay 

NBPL-092 SSC PLC-11 Industrial No Exposure 32° 42' 10'' N 117° 14' 13'' W San Diego Bay 

NBPL-093 SSC PLC-12A Municipal Non-Industrial 32° 42' 9'' N 117° 14' 13'' W San Diego Bay 

NBPL-094 SSC PLC-12B Municipal Non-Industrial 32° 42' 9'' N 117° 14' 13'' W San Diego Bay 
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Attachment M – Storm Water Risk Level Designation M-4 

Listing of NBPL Storm Water Discharge Locations 

Discharge 
Point 

Navy ID 
Number Type Outfall Risk 

Level Latitude Longitude Receiving 
Water 

NBPL-095 SSC PLC-23 Municipal Non-Industrial 32° 40' 42'' N 117° 14' 36'' W San Diego Bay 

NBPL-096 SSC PLC-24 Municipal Non-Industrial 32° 40' 45'' N 117° 14' 39'' W Pacific Ocean 

NBPL-097 SSC PLC-25 Municipal Non-Industrial 32° 40' 38'' N 117° 14' 41'' W Pacific Ocean 

NBPL-098 SSC PLC-26 Municipal Non-Industrial 32° 39' 59'' N 117° 14' 40'' W Pacific Ocean 

NBPL-099 SSC PLC-27 Municipal Non-Industrial 32° 40' 0'' N 117° 14' 40'' W Pacific Ocean 

NBPL-100 SSC PLC-28 Municipal Non-Industrial 32° 40' 0'' N 117° 14' 40'' W Pacific Ocean 

NBPL-102 SSC PLC-30 Municipal Non-Industrial 32° 40' 3'' N 117° 14' 41'' W Pacific Ocean 

NBPL-103 SSC PLC-31 Municipal Non-Industrial 32° 40' 3'' N 117° 14' 41'' W Pacific Ocean 

NBPL-104 SSC PLC-32 Municipal Non-Industrial 32° 40' 57'' N 117° 14' 52'' W Pacific Ocean 

NBPL-105 SSC PLC-33 Municipal Non-Industrial 32° 41' 14'' N 117° 14' 59'' W Pacific Ocean 

NBPL-106 SSC PLC-34 Municipal Non-Industrial 32° 41' 15'' N 117° 14' 59'' W Pacific Ocean 

NBPL-107 SSC PLC-35 Municipal Non-Industrial 32° 41' 24'' N 117° 15' 1'' W Pacific Ocean 

NBPL-108 SSC PLC-36 Municipal Non-Industrial 32° 41' 28'' N 117° 15' 4'' W Pacific Ocean 

NBPL-109 SSC PLC-37 Municipal Non-Industrial 32° 41' 32'' N 117° 15' 5'' W Pacific Ocean 

NBPL-110 SSC PLC-38 Municipal Non-Industrial 32° 41' 36'' N 117° 15' 8'' W Pacific Ocean 

NBPL-111 SSC PLC-39 Municipal Non-Industrial 32° 41' 46'' N 117° 15' 12'' W Pacific Ocean 

NBPL-112 SSC PLC-40 Municipal Non-Industrial 32° 41' 48'' N 117° 15' 14'' W Pacific Ocean 

NBPL-113 SSC PLC-40A Municipal Non-Industrial 32° 41' 48'' N 117° 15' 14'' W Pacific Ocean 

NBPL-114 SSC PLC-41 Municipal Non-Industrial 32° 41' 49'' N 117° 15' 13'' W Pacific Ocean 

NBPL-115 SSC PLC-42 Municipal Non-Industrial 32° 41' 54'' N 117° 15' 15'' W Pacific Ocean 

NBPL-116 SSC PLC-43 Municipal Non-Industrial 32° 41' 56'' N 117° 15' 17'' W Pacific Ocean 

NBPL-117 SSC PLC-43A Municipal Non-Industrial 32° 41' 57'' N 117° 15' 19'' W Pacific Ocean 

NBPL-118 SSC PLC-43B Municipal Non-Industrial 32° 41' 57'' N 117° 15' 19'' W Pacific Ocean 

NBPL-119 SSC PLC-44 Municipal Non-Industrial 32° 41' 58'' N 117° 15' 17'' W Pacific Ocean 

NBPL-120 SSC PLC-45 Municipal Non-Industrial 32° 42' 0'' N 117° 15' 17'' W Pacific Ocean 

NBPL-121 SSC PLC-46 Municipal Non-Industrial 32° 42' 0'' N 117° 15' 17'' W Pacific Ocean 

NBPL-122 SSC PLC-47 Municipal Non-Industrial 32° 42' 1'' N 117° 15' 18'' W Pacific Ocean 

NBPL-123 SSC PLC-48 Municipal Non-Industrial 32° 42' 11'' N 117° 15' 18'' W Pacific Ocean 

NBPL-125 SSC PLC-50 Municipal Non-Industrial 32° 42' 17'' N 117° 15' 18'' W Pacific Ocean 

NBPL-126 SSC PLC-51 Municipal Non-Industrial 32° 42' 20'' N 117° 15' 20'' W Pacific Ocean 

NBPL-127 SSC PLC-54 Industrial No Exposure 32° 42' 8'' N 117° 14' 14'' W San Diego Bay 

NBPL-128 SSC PLC-58 Municipal Non-Industrial 32° 41' 30'' N 117° 15' 6'' W Pacific Ocean 
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Attachment M – Storm Water Risk Level Designation M-5 

Listing of NBPL Storm Water Discharge Locations 

Discharge 
Point 

Navy ID 
Number Type Outfall Risk 

Level Latitude Longitude Receiving 
Water 

NBPL-129 SSC PLC-59 Municipal Non-Industrial 32° 42' 9'' N 117° 15' 15'' W Pacific Ocean 

NBPL-130 SSC PLC-60 Municipal Non-Industrial 32° 41' 7'' N 117° 14' 59'' W Pacific Ocean 

NBPL-131 SSC PLC-60A Municipal Non-Industrial 32° 41' 9'' N 117° 14' 59'' W Pacific Ocean 

NBPL-132 SSC PLC-60B Municipal Non-Industrial 32° 41' 5'' N 117° 14' 57'' W Pacific Ocean 

NBPL-133 SSC PLC-70 Municipal Non-Industrial 32° 39' 57'' N 117° 14' 29'' W Pacific Ocean 

NBPL-134 SSC PLC-73 Industrial Low Risk 32° 42' 7'' N 117° 14' 16'' W San Diego Bay 

NBPL-135 SSC PLC-74 Municipal Non-Industrial 32° 42' 13'' N 117° 14' 11'' W San Diego Bay 

NBPL-136 SSC PLC-75 Municipal Non-Industrial 32° 42' 14'' N 117° 14' 11'' W San Diego Bay 

NBPL-137 SSC PLC-76 Municipal Non-Industrial 32° 42' 6'' N 117° 15' 16'' W Pacific Ocean 

NBPL-139 SSC PLC-78 Municipal Non-Industrial 32° 41' 48'' N 117° 15' 14'' W Pacific Ocean 

NBPL-140 SSC PLC-79 Municipal Non-Industrial 32° 41' 46'' N 117° 15' 12'' W Pacific Ocean 

NBPL-141 SSC PLC-80 Municipal Non-Industrial 32° 39' 56'' N 117° 14' 29'' W Pacific Ocean 

NBPL-142 SSC PLC-OLF 1 Municipal Non-Industrial 32° 42' 18'' N 117° 14' 10'' W San Diego Bay 

NBPL-143 SSC PLC-OLF 2 Municipal Non-Industrial 32° 42' 15'' N 117° 14' 8'' W San Diego Bay 

NBPL-144 SSC PLC OLF-3 Industrial Low Risk 32° 42' 13'' N 117° 14' 8'' W San Diego Bay 

NBPL-145 SSC PLC-OLF 4 Municipal Non-Industrial 32° 42' 9'' N 117° 14' 11'' W San Diego Bay 

NBPL-146 SSC PLC OLF-5 Municipal Non-Industrial 32° 40' 0'' N 117° 14' 18'' W Pacific Ocean 

NBPL-147 SSCPLCOLF6 Municipal Non-Industrial 32° 42' 4'' N 117° 15' 16'' W Pacific Ocean 

NBPL-148 SSCPLCOLF8 Municipal Non-Industrial 32° 40' 52'' N 117° 14' 34'' W San Diego Bay 

NBPL-149 FCTCPAC-1 Non-
Industrial Non-Industrial 32° 42' 46'' N 117° 14' 53'' W 

City of San 
Diego (San 
Diego Bay) 

NBPL-150 FCTCPAC-2 Non-
Industrial Non-Industrial 32° 42' 42'' N 117° 14' 54'' W 

City of San 
Diego (San 
Diego Bay) 

NBPL-151 FCTCPAC-3 Non-
Industrial Non-Industrial 32° 42' 39'' N 117° 15' 14'' W Pacific Ocean 

NBPL-152 FCTCPAC-4 Non-
Industrial Non-Industrial 32° 42' 32'' N 117° 15' 15'' W Pacific Ocean 

NBPL-153 FCTCPAC-5 Non-
Industrial Non-Industrial 32° 42' 28'' N 117° 15' 17'' W Pacific Ocean 

NBPL-154 FCTCPAC-6 Non-
Industrial Non-Industrial 32° 42' 45'' N 117° 15' 18'' W Pacific Ocean 

NBPL-155 FCTCPAC-7 Non-
Industrial Non-Industrial 32° 42' 31'' N 117° 14' 57'' W 

City of San 
Diego (San 
Diego Bay) 

NBPL-156 SSC OTC-1 Industrial No Exposure 32° 44' 51'' N 117° 11' 41'' W 
City of San 
Diego (San 
Diego Bay) 
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Attachment M – Storm Water Risk Level Designation M-6 

Listing of NBPL Storm Water Discharge Locations 

Discharge 
Point 

Navy ID 
Number Type Outfall Risk 

Level Latitude Longitude Receiving 
Water 

NBPL-157 SSC OTC-2 Industrial No Exposure 32° 44' 54'' N 117° 11' 44'' W 
City of San 
Diego (San 
Diego Bay) 

NBPL-158 SSC OTC-3 Industrial No Exposure 32° 45' 1'' N 117° 11' 50'' W 
City of San 
Diego (San 
Diego Bay) 

NBPL-159 SSC OTC-4 Industrial No Exposure 32° 45' 8'' N 117° 11' 55'' W 
City of San 
Diego (San 
Diego Bay) 

NBPL-160 SSC OTC-5 Industrial Low Risk 32° 44' 46'' N 117° 12' 0'' W 
City of San 
Diego (San 
Diego Bay) 

NBPL-162 Taylor Street-1 Municipal Non-Industrial 32° 45' 23'' N 117° 12' 2'' W 
City of San 
Diego (San 
Diego Bay) 

NBPL-163 Taylor Street-2 Municipal Non-Industrial 32° 45' 22'' N 117° 12' 3'' W 
City of San 
Diego (San 
Diego Bay) 

NBPL-164 Taylor Street-3 Municipal Non-Industrial 32° 45' 27'' N 117° 12' 5'' W 
City of San 
Diego (San 
Diego Bay) 

NBPL-165 NMAWC-1 Municipal Non-Industrial 32° 43' 27'' N 117° 13' 1'' W San Diego Bay 

NBPL-166 NMAWC-2 Municipal Non-Industrial 32° 43' 34'' N 117° 12' 57'' W San Diego Bay 

NBPL-167 NMAWC-21 Municipal Non-Industrial 32° 43' 41'' N 117° 12' 55'' W San Diego Bay 

NBPL-168 NMAWC-22 Municipal Non-Industrial 32° 43' 38'' N 117° 12' 56'' W San Diego Bay 

NBPL-169 NMAWC-24 Municipal Non-Industrial 32° 43' 23'' N 117° 13' 1'' W San Diego Bay 

NBPL-170 NMAWC-25 Municipal Non-Industrial 32° 43' 22'' N 117° 13' 1'' W San Diego Bay 

NBPL-171 NMAWC-26 Municipal Non-Industrial 32° 43' 21'' N 117° 13' 1'' W San Diego Bay 

NBPL-172 NMAWC-27 Municipal Non-Industrial 32° 43' 19'' N 117° 13' 2'' W San Diego Bay 

NBPL-173 NMAWC-28 Municipal Non-Industrial 32° 43' 20'' N 117° 13' 2'' W San Diego Bay 

NBPL-174 NMAWC-29 Municipal Non-Industrial 32° 43' 19'' N 117° 13' 3'' W San Diego Bay 

NBPL-175 NMAWC-30 Municipal Non-Industrial 32° 43' 18'' N 117° 13' 3'' W San Diego Bay 

NBPL-176 NMAWC-31 Municipal Non-Industrial 32° 43' 21'' N 117° 13' 10'' W San Diego Bay 

NBPL-177 NMAWC-32 Municipal Non-Industrial 32° 43' 21'' N 117° 13' 10'' W San Diego Bay 

NBPL-178 NMAWC-33 Municipal Non-Industrial 32° 43' 22'' N 117° 13' 14'' W San Diego Bay 

NBPL-179 NMAWC-34 Municipal Non-Industrial 32° 43' 23'' N 117° 13' 13'' W San Diego Bay 

NBPL-180 NMAWC-35 Municipal Non-Industrial 32° 43' 25'' N 117° 13' 15'' W San Diego Bay 

NBPL-181 NMAWC-36 Municipal Non-Industrial 32° 43' 25'' N 117° 13' 14'' W San Diego Bay 

NBPL-182 NMAWC-37 Municipal Non-Industrial 32° 43' 30'' N 117° 12' 59'' W San Diego Bay 
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Attachment M – Storm Water Risk Level Designation M-7 

Listing of NBPL Storm Water Discharge Locations 

Discharge 
Point 

Navy ID 
Number Type Outfall Risk 

Level Latitude Longitude Receiving 
Water 

NBPL-183 NMAWC-38 Municipal Non-Industrial 32° 43' 30'' N 117° 12' 59'' W San Diego Bay 

NBPL-184 NMAWC-39 Municipal Non-Industrial 32° 43' 30'' N 117° 12' 59'' W San Diego Bay 

NBPL-185 NMAWC-40 Municipal Non-Industrial 32° 43' 30'' N 117° 12' 59'' W San Diego Bay 

NBPL-186 NMAWC-41 Municipal Non-Industrial 32° 43' 29'' N 117° 12' 59'' W San Diego Bay 

NBPL-187 NMAWC-42 Municipal Non-Industrial 32° 43' 29'' N 117° 12' 59'' W San Diego Bay 

NBPL-188 NMAWC-43 Municipal Non-Industrial 32° 43' 29'' N 117° 12' 59'' W San Diego Bay 

NBPL-189 NMAWC-44 Municipal Non-Industrial 32° 43' 42" N 117° 13' 31" W San Diego Bay 

NBPL-190 NMAWC-45 Municipal Non-Industrial 32° 43' 41" N 117° 13' 29" W San Diego Bay 

NBPL-191 NMAWC-OLF 1 Municipal Non-Industrial 32° 43' 40" N 117° 13' 29" W San Diego Bay 

NBPL-192 NMAWC-OLF 2 Municipal Non-Industrial 32° 43' 41" N 117° 13' 26" W San Diego Bay 

NBPL-193 NMAWC-OLF 3 Municipal Non-Industrial 32° 43' 34" N 117° 13' 15" W San Diego Bay 

NBPL-194 FITCPAC-1 Municipal Non-Industrial 32° 43' 46" N 117° 12' 24" W San Diego Bay 

NBPL-195 FITCPAC-2 Municipal Non-Industrial 32° 43' 45" N 117° 12' 23" W San Diego Bay 

NBPL-196 FITCPAC-3 Municipal Non-Industrial 32° 43' 47" N 117° 12' 19" W San Diego Bay 

NBPL-197 FITCPAC-4 Municipal Non-Industrial 32° 43' 47" N 117° 12' 17" W San Diego Bay 

NBPL-198 FLC-5 Municipal Non-Industrial 32° 41' 54" N 117° 14' 24" W San Diego Bay 

NBPL-199 SSC PLC-53 Municipal Non-Industrial 32° 42' 09" N 117° 14' 14" W San Diego Bay 

NBPL-200 SSC PLC-4 Municipal Non-Industrial 32° 42' 16" N 117° 14' 11" W San Diego Bay 
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ORDER NO. R4-2009-0074 
NPDES NO. CA0054216 

 
WASTE DISCHARGE REQUIREMENTS  

FOR THE SANTA CLARITA VALLEY SANITATION DISTRICT OF LOS ANGELES COUNTY, 
VALENCIA WATER RECLAMATION PLANT 

DISCHARGE TO SANTA CLARA RIVER 
 

The following Discharger is subject to waste discharge requirements as set forth in this 
Order: 

Table 1. Discharger Information 

 
The discharge by the Santa Clarita Valley Sanitation District of Los Angeles County from 
the discharge points identified below is subject to waste discharge requirements as set 
forth in this Order: 

Table 2. Discharge Location 
 

   

Discharger Santa Clarita Valley Sanitation District of Los Angeles County 
Name of Facility Valencia Water Reclamation Plant 

28185 The Old Road 

Santa Clarita, CA 91355 Facility Address 

Los Angeles County 

The U.S. Environmental Protection Agency (USEPA) and the Regional Water Quality Control Board 
(Regional Water Board) have classified this discharge as a major discharge. 

Discharge 
Point Effluent Description Discharge Point 

Latitude 
Discharge Point 

Longitude Receiving Water 

001 Tertiary treated 
effluent 34 º, 25’, 49.6” N 118º, 35’,33.37” W Santa Clara River 

002 Tertiary treated 
effluent 34 º, 25’, 48.27” N 118º, 35’,31.95” W Santa Clara River 
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I. FACILITY INFORMATION 

The following Discharger is subject to waste discharge requirements as set forth in this 
Order: 

Table 4. Facility Information 

 

Discharger Santa Clarita Valley Sanitation District of Los Angeles County 
Name of Facility Valencia Water Reclamation Plant 

28185 The Old Road 
Santa Clarita, CA 91355 Facility Address 
Los Angeles County 

Facility Contact, Title, and 
Phone Thomas Weiland, Supervising Engineer, (562) 908-4288 X2855 

Mailing Address 1955 Workman Mill Road 
Whittier, CA 90601 

Type of Facility Publicly Owned Treatment Works 
Facility Design Flow 21.6 million gallons per day (MGD) 
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II. FINDINGS 

The California Regional Water Quality Control Board, Los Angeles Region (hereinafter 
Regional Water Board), finds: 

A. Background. Santa Clarita Valley Sanitation District of Los Angeles County (hereinafter 
Discharger or SCVSD, formerly referred to as Los Angeles County Sanitation District) is 
currently discharging wastewater pursuant to Order No. R4-2003-0145 and National 
Pollutant Discharge Elimination System (NPDES) Permit No. CA0054216.  The 
Discharger submitted a Report of Waste Discharge, dated April 11, 2008, and applied 
for an NPDES permit renewal to discharge up to 21.6 MGD of tertiary-treated 
wastewater from the Valencia Water Reclamation Plant (hereinafter Facility).  The 
application was deemed complete on June 30, 2008. 

For the purposes of this Order, references to the “discharger” or “permittee” in 
applicable federal and state laws, regulations, plans, or policy are held to be equivalent 
to references to the Discharger herein. 

B. Facility Description.  The Discharger owns and operates the Valencia Water 
Reclamation Plant, a publicly owned treatment works (POTW). The treatment system 
consists of comminution, screening, grit removal, primary sedimentation, flow 
equalization, activated sludge aeration with nitrogen removal, secondary sedimentation, 
dual-media pressure filtration, chlorination, and dechlorination (sodium bisulfite). Waste 
activated sludge is concentrated by dissolved air flotation, blended with primary sludge, 
and anaerobically digested.  The digested solids are thickened using a filter press.  
Dried solids are trucked away offsite either to a landfill or to a site for land application. 
The Valencia WRP is part of the SCVSD’s regional system, known as the Santa Clarita 
Valley Joint Sewerage System, which also includes the Saugus Water Reclamation 
Plant (Saugus WRP).  The regional system allows biosolids, solids, and excess influent 
flows from the Saugus WRP to be diverted to the Valencia WRP for treatment and 
disposal.  Under normal conditions, treated wastewater is discharged by gravity flow 
from Discharge Points 001 (see table on cover page) to the Santa Clara River, a water 
of the United States, within Santa Clara River Watershed.  However, when the water 
level rises in the stream to the extent that Discharge Point 001 is partially or completely 
submerged (i.e., during heavy storm events), the final effluent is also discharged to the 
Santa Clara River, through Discharge Serial No. 002, located a few feet away from 
Discharge Point 001.  Attachment B provides a map of the area around the facility.  
Attachment C provides a flow schematic of the facility. 

C. Legal Authorities.  This Order is issued pursuant to section 402 of the federal Clean 
Water Act (CWA) and implementing regulations adopted by the U.S. Environmental 
Protection Agency (USEPA) and chapter 5.5, division 7 of the California Water Code 
(commencing with section 13370).  It shall serve as an NPDES permit for point source 
discharges from this facility to surface waters.  This Order also serves as Waste 
Discharge Requirements (WDRs) pursuant to article 4, chapter 4, division 7 of the 
California Water Code (commencing with section 13260). 
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D. Background and Rationale for Requirements.  The Regional Water Board developed 
the requirements in this Order based on information submitted as part of the application, 
through monitoring and reporting programs, and other available information.  The Fact 
Sheet (Attachment F), which contains background information and rationale for Order 
requirements, is hereby incorporated into this Order and constitutes part of the Findings 
for this Order. Attachments A through K are also incorporated into this Order. 

E. California Environmental Quality Act (CEQA).  Under California Water Code section 
13389, this action to adopt an NPDES permit is exempt from the provisions of CEQA, 
Public Resources Code sections 21100-21177.  

F. Technology-based Effluent Limitations.  Section 301(b) of the CWA and 
implementing USEPA permit regulations at part 122.44, title 40 of the Code of Federal 
Regulations, require that permits include conditions meeting applicable technology-
based requirements at a minimum, and any more stringent effluent limitations 
necessary to meet applicable water quality standards.   The discharge authorized by 
this Order must meet minimum federal technology-based requirements based on 
Secondary Treatment Standards at part 133 and Best Professional Judgment (BPJ) in 
accordance with Part 125.3.  A detailed discussion of the technology-based effluent 
limitations development is included in the Fact Sheet (Attachment F). 

G. Water Quality-Based Effluent Limitations.  Section 301(b) of the CWA and part 
122.44(d) require that permits include limitations more stringent than applicable federal 
technology-based requirements where necessary to achieve applicable water quality 
standards.  This Order contains requirements for BOD and TSS, expressed as a 
technology equivalence requirement, more stringent than secondary treatment 
requirements that are necessary to meet applicable water quality standards.  The 
rationale for these requirements, which consist of tertiary treatment, is discussed in the 
Fact Sheet. 
 
Part 122.44(d)(1)(i) mandates that permits include effluent limitations for all pollutants 
that are or may be discharged at levels that have the reasonable potential to cause or 
contribute to an exceedance of a water quality standard, including numeric and 
narrative objectives within a standard.  Where reasonable potential has been 
established for a pollutant, but there is no numeric criterion or objective for the pollutant, 
water quality-based effluent limitations (WQBELs) must be established using:  (1) 
USEPA criteria guidance under CWA section 304(a), supplemented where necessary 
by other relevant information; (2) an indicator parameter for the pollutant of concern; or 
(3) a calculated numeric water quality criterion, such as a proposed state criterion or 
policy interpreting the state’s narrative criterion, supplemented with other relevant 
information, as provided in Part 122.44(d)(1)(vi). 

H. Water Quality Control Plans.  The Regional Water Board adopted a Water Quality 
Control Plan for the Los Angeles Region: Basin Plan for the Coastal Watersheds of Los 
Angeles and Ventura Counties (hereinafter Basin Plan) on June 13, 1994 that 
designates beneficial uses, establishes water quality objectives, and contains 
implementation programs and policies to achieve those objectives for all waters 
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addressed through the plan.  In addition, the Basin Plan implements State Water 
Resources Control Board (State Water Board) Resolution No. 88-63, which established 
state policy that all waters, with certain exceptions, should be considered suitable or 
potentially suitable for municipal or domestic supply.  Beneficial uses applicable to the 
receiving waters are as follows: 

Table 5a. Basin Plan Beneficial Uses – Surface Waters 
Discharge Point Receiving Water Name Beneficial Use(s) 

001 and 002 Santa Clara River 
(Hydro unit 403.51) 

Existing: 
industrial service supply (IND), industrial process supply 
(PROC), and agricultural supply (AGR); groundwater 
recharge (GWR); freshwater replenishment (FRSH); water 
contact (REC-1)and non-contact water recreation (REC-2); 
rare, threatened, or endangered species (RARE); warm 
freshwater habitat (WARM), wildlife habitat (WILD), and 
wetland[1] habitat (WET). 
 
Potential: 
Municipal and domestic water supply (MUN). 

 Santa Clara River 
(Hydro unit 403.41) 

Existing: 
IND, PROC, AGR, GWR, FRSH, REC-1, REC-2, RARE; 
migration of aquatic organisms (MIGR); WARM, WILD, WET  
 
Potential: MUN. 

 Santa Clara River 
(Hydro unit 403.31) 

Existing: 
IND, PROC, AGR, GWR, FRSH, REC-1, REC-2, RARE, 
MIGR, WARM, WILD, and WET; 
Potential: MUN. 

 Santa Clara River 
(Hydro unit 403.21) 

Existing: 
IND, PROC, AGR, GWR, FRSH, REC-1, REC-2, RARE, 
MIGR, WARM, WILD, and WET 
Potential: MUN. 

 Santa Clara River 
(Hydro unit 403.11) 

Existing: 
IND, PROC, AGR, GWR, FRSH, REC-1, REC-2, RARE, 
MIGR, WARM, COLD, WILD, and WET 
Potential: MUN; 

 Santa Clara River Estuary 
(Hydro unit 403.11) 

Existing: 
navigation (NAV), REC-1, REC-2, commercial and sport 
fishing (COMM), estuarine habitat (EST), marine habitat 
(MAR), WILD, WET, RARE, MIGR, spawning, reproduction, 
and/or early development (SPWN). 

 
* The potential municipal and domestic supply (p* MUN) beneficial use for the waterbody is consistent with the 

State Water Resources Control Board Order No. 88-63 and Regional Water Board Resolution No. 89-003; 
however, the Regional Water Board has only conditionally designated the MUN beneficial use of the surface 
water and at this time cannot establish effluent limitations designed to protect the conditional designation.  

 
The beneficial uses of the receiving ground waters are as follows: 
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Table 5b. Basin Plan Beneficial Uses – Ground Waters 
Discharge Point Receiving Water Name Beneficial Use(s) 
001, 002 Eastern Santa Clara 

(DWR Basin No. 4-4.07) 
South Fork –  
Existing Beneficial Uses: 

Municipal and domestic water supply (MUN), industrial 
service supply (IND), industrial process supply (PROC), 
and agricultural supply (AGR); 

 
Placerita Canyon –  
Existing Beneficial Uses: 

MUN, IND, PROC, AGR 
 

Santa Clara/Bouquet & San Francisquito Canyons -  
Existing Beneficial Uses: 

MUN, IND, PROC, AGR 
 

Castaic Valley- 
Existing Beneficial Uses: 

MUN, IND, PROC, AGR 
 

Saugus Aquifer- 
Existing Beneficial Use: MUN 
 

 Ventura Central Basin 
(DWR Basin No. 4-4) 

Santa Clara, Lower Area East of Piru Creek 
Existing Beneficial Uses: 

MUN, IND, PROC, and AGR; 
 

Santa Clara, Lower Area West of Piru Creek 
Existing Beneficial Uses: 

MUN, IND, PROC; and, AGR; 
 
Santa Clara, Upper Sespe area 
Existing Beneficial Uses: IND and AGR 
Potential Beneficial Uses: MUN and PROC 
  
Santa Clara – Fillmore area: Pole Creek Fan area 
Existing Beneficial Uses: MUN, IND, PROC; and, AGR; 
 
Santa Clara – Fillmore area: South side of Santa Clara River 
Existing Beneficial Uses: MUN, IND, PROC; and, AGR; 
 
Santa Clara  - Remaining Fillmore area 
Existing Beneficial Uses: MUN, IND, PROC; and, AGR; 
 
Santa Clara – Santa Paula area; East of Peck Road 
Existing Beneficial Uses: MUN, IND, PROC; and, AGR; 
 
Santa Clara – Santa Paula area: West of Peck Road   
Existing Beneficial Uses: MUN, IND, PROC; and, AGR; 

 Oxnard Plain 
(DWR Basin No. 4-4) 

Oxnard Forebay 
Existing Beneficial Uses: MUN, IND, PROC, and AGR; 
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Discharge Point Receiving Water Name Beneficial Use(s) 
 

Confined Aquifers 
Existing Beneficial Uses: MUN, IND, PROC, and AGR; 
 
Unconfined and perched aquifers 

Existing Beneficial Uses: MUN and AGR; 
Potential Beneficial Use: IND  

 
 

Requirements of this Order implement the Basin Plan. 

The 1994 Basin Plan provided water quality objectives for ammonia to protect aquatic 
life, in Tables 3-1 through Tables 3-4. However, those ammonia objectives were revised 
on April 25, 2002, by the Regional Water Board with the adoption of Resolution No. 
2002-011, Amendment to the Water Quality Control Plan for the Los Angeles Region to 
Update the Ammonia Objectives for Inland Surface Waters (Including Enclosed Bays, 
Estuaries and Wetlands) with Beneficial Use Designations for Protection of Aquatic Life. 
The ammonia Basin Plan amendment was approved by the State Water Board, the 
Office of Administrative Law, and USEPA on April 30, 2003, June 5, 2003, and June 19, 
2003, respectively. On December 1, 2005, Resolution No. 2005-014, Amendment to the 
Water Quality Control Plan for the Los Angeles Region to Revise the Early Life Stage 
Implementation Provision of the Freshwater Ammonia Objectives for Inland Surface 
Waters (including enclosed bays, estuaries and wetlands) for Protection of Aquatic Life, 
was adopted by the Regional Water Board. Resolution No. 2005-014 was approved by 
the State Water Board, the Office of Administrative Law, and USEPA on July 19, 2006, 
August 31, 2006, and April 5, 2007, respectively. Although the revised ammonia water 
quality objectives may be less stringent than those contained in the 1994 Basin Plan, 
they are still protective of aquatic life and are consistent with USEPA’s 1999 ammonia 
criteria update. 

On October 25, 2006, the State Water Board adopted a revised 303(d) list.  The 2006 
303(d) list was partially approved by the USEPA on November 30, 2006.  However, on 
March 8, 2007, USEPA partially disapproved the State’s 303(d) List, by disapproving 
the State’s omission of impaired waters that met federal listing regulations or guidance.  
USEPA is adding 64 waters and 37 associated pollutants to the State’s 303(d) list.  On 
June 28, 2007, USEPA transmitted the final approved 2004-2006 Section 303(d) List, 
which serves as the State’s most recent list of impaired waterbodies.   The list 
(hereinafter referred to as the 303(d) List) was prepared in accordance with Section 
303(d) of the Federal Clean Water Act to identify specific impaired waterbodies where 
water quality standards are not expected to be met after implementation of technology-
based effluent limitations on point sources.      

Santa Clara River is on the 2006 303(d) List.  The following pollutants/stressors, from 
point and non-point sources, were identified as impacting the receiving waters: 
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1. Santa Clara River Reach 7 (Bouquet Canyon Rd to above Lang Gauging Station, 
was named Santa Clara River Reach 9 on 2002 303(d) list) Hydro Unit 403.51 -  
Coliform Bacteria; 

 
2. Santa Clara River Reach 6 (West Pier Hwy 99 to Bouquet Canyon Rd., was named 

Santa Clara River Reach 8 on 2002 303(d) list) Hydro Unit 403.51 – Chlorpyrifos, 
Coliform Bacteria, Diazinon, Toxicity, ammonia, and chloride; 

 
3. Santa Clara River Reach 5 (Blue cut to West Pier Hwy 99 Bridge, was named Santa 

Clara River Reach 7 on 2002 303(d) list) - Coliform Bacteria, ammonia, chloride, 
nitrate and nitrite; 

 
4. Santa Clara River Reach 3 (Freeman Diversion to A Street) – Total Dissolved 

Solids, ammonia, and chloride; 
 
5. Santa Clara River Reach 1 (Estuary to Hwy 101 Bridge) – Toxicity; 

 
6. Santa Clara River Estuary – Chem A, Coliform Bacteria, Toxaphene. 

 
I. National Toxics Rule (NTR) and California Toxics Rule (CTR).  USEPA adopted the 

NTR on December 22, 1992, and later amended it on May 4, 1995 and November 9, 
1999.  About forty criteria in the NTR applied in California.  On May 18, 2000, USEPA 
adopted the CTR.  The CTR promulgated new toxics criteria for California and, in 
addition, incorporated the previously adopted NTR criteria that were applicable in the 
state.  The CTR was amended on February 13, 2001. These rules contain water quality 
criteria for priority pollutants. 

J. State Implementation Policy.  On March 2, 2000, the State Water Board adopted the 
Policy for Implementation of Toxics Standards for Inland Surface Waters, Enclosed 
Bays, and Estuaries of California (State Implementation Policy or SIP).  The SIP 
became effective on April 28, 2000 with respect to the priority pollutant criteria 
promulgated for California by the USEPA through the NTR and to the priority pollutant 
objectives established by the Regional Water Board in the Basin Plan.  The SIP became 
effective on May 18, 2000 with respect to the priority pollutant criteria promulgated by 
the USEPA through the CTR.  The State Water Board adopted amendments to the SIP 
on February 24, 2005 that became effective on July 13, 2005.  The SIP establishes 
implementation provisions for priority pollutant criteria and objectives and provisions for 
chronic toxicity control.  Requirements of this Order implement the SIP. 

K. Compliance Schedules and Interim Requirements.  Section 2.1 of the SIP provides 
that, based on a Discharger’s request and demonstration that it is infeasible for an 
existing Discharger to achieve immediate compliance with an effluent limitation derived 
from a CTR criterion, compliance schedules may be allowed in an NPDES permit.  
Unless an exception has been granted under section 5.3 of the SIP, a compliance 
schedule may not exceed 5 years from the date that the permit is issued or reissued, 
nor may it extend beyond 10 years from the effective date of the SIP (or May 17, 2010) 
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to establish and comply with CTR criterion-based effluent limitations.  Where a 
compliance schedule for a final effluent limitation exceeds 1 year, the Order must 
include interim numeric limitations for that constituent or parameter.  Where allowed by 
the Basin Plan, compliance schedules and interim effluent limitations or discharge 
specifications may also be granted to allow time to implement a new or revised water 
quality objective.  This Order does include TMDL-based compliance schedules and 
interim effluent limitations.  A detailed discussion of the basis for the compliance 
schedule(s) and interim effluent limitation(s) is included in the Fact Sheet. 

L. Alaska Rule.  On March 30, 2000, USEPA revised its regulation that specifies when 
new and revised state and tribal water quality standards (WQS) become effective for 
CWA purposes. (40 C.F.R. § 131.21; 65 Fed. Reg. 24641 (April 27, 2000).)  Under the 
revised regulation (also known as the Alaska rule), new and revised standards 
submitted to USEPA after May 30, 2000, must be approved by USEPA before being 
used for CWA purposes.  The final rule also provides that standards already in effect 
and submitted to USEPA by May 30, 2000 may be used for CWA purposes, whether or 
not approved by USEPA. 

M. Stringency of Requirements for Individual Pollutants.  This Order contains both 
technology-based and water quality-based effluent limitations for individual pollutants.  
The technology-based effluent limitations consist of restrictions on BOD, TSS, pH, and 
percent removal of BOD and TSS.  Restrictions on BOD, TSS and pH are discussed in 
Section IV.B. of the Fact Sheet.  This Order’s technology-based pollutant restrictions 
implement the minimum, applicable federal technology-based requirements. 

Water quality-based effluent limitations have been scientifically derived to implement 
water quality objectives that protect beneficial uses.  Both the beneficial uses and the 
water quality objectives have been approved pursuant to federal law and are the 
applicable federal water quality standards.  To the extent that toxic pollutant water 
quality-based effluent limitations were derived from the CTR, the CTR is the applicable 
standard pursuant to part 131.38.  The scientific procedures for calculating the 
individual water quality-based effluent limitations for priority pollutants are based on the 
CTR-SIP, which was approved by USEPA on May 18, 2000.  Most beneficial uses and 
water quality objectives contained in the Basin Plan were approved under state law and 
submitted to and approved by USEPA prior to May 30, 2000.  Any water quality 
objectives and beneficial uses submitted to USEPA prior to May 30, 2000, but not 
approved by USEPA before that date, are nonetheless “applicable water quality 
standards for purposes of the CWA” pursuant to part 131.21(c)(1).  For the most part, 
this Order’s restrictions on individual pollutants are no more stringent than required to 
implement the requirements of the CWA. 

 
N. Antidegradation Policy.  Part 131.12 requires that the state water quality standards 

include an antidegradation policy consistent with the federal policy.  The State Water 
Board established California’s antidegradation policy in State Water Board Resolution 
No. 68-16.  Resolution No. 68-16 incorporates the federal antidegradation policy where 
the federal policy applies under federal law.  Resolution No. 68-16 requires that existing 
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quality of waters be maintained unless degradation is justified based on specific 
findings.  The Regional Water Board’s Basin Plan implements, and incorporates by 
reference, both the state and federal antidegradation policies.  As discussed in detail in 
the Fact Sheet the permitted discharge is consistent with the antidegradation provision 
of part 131.12 and State Water Board Resolution No. 68-16. 

O. Anti-Backsliding Requirements.  Sections 402(o)(2) and 303(d)(4) of the CWA and 
federal regulations at title 40, Code of Federal Regulations part 122.44(l) prohibit 
backsliding in NPDES permits.  These anti-backsliding provisions require effluent 
limitations in a reissued permit to be as stringent as those in the previous permit, with 
some exceptions where limitations may be relaxed. Some effluent limitations in this 
Order are less stringent that those in the previous Order. As discussed in detail in the 
Fact Sheet this relaxation of effluent limitations is consistent with the anti-backsliding 
requirements of the CWA and federal regulations. 

P. Endangered Species Act. This Order does not authorize any act that results in the 
taking of a threatened or endangered species or any act that is now prohibited, or 
becomes prohibited in the future, under either the California Endangered Species Act 
(Fish and Game Code sections 2050 to 2097) or the Federal Endangered Species Act 
(16 U.S.C.A. sections 1531 to 1544). This Order requires compliance with effluent limits, 
receiving water limits, and other requirements to protect the beneficial uses of waters of 
the state. The discharger is responsible for meeting all requirements of the applicable 
Endangered Species Act. 

Q. Monitoring and Reporting.  Part 122.48 requires that all NPDES permits specify 
requirements for recording and reporting monitoring results.  California Water Code 
sections 13267 and 13383 authorize the Regional Water Board to require technical and 
monitoring reports.  The Monitoring and Reporting Program establishes monitoring and 
reporting requirements to implement federal and State requirements.  This Monitoring 
and Reporting Program is provided in Attachment E. 

R. Standard and Special Provisions.  Standard Provisions, which apply to all NPDES 
permits in accordance with part 122.41, and additional conditions applicable to specified 
categories of permits in accordance with part 122.42, are provided in Attachment D.  
The discharger must comply with all standard provisions and with those additional 
conditions that are applicable under part 122.42.  The Regional Water Board has also 
included in this Order special provisions applicable to the Discharger.  A rationale for 
the special provisions contained in this Order is provided in the attached Fact Sheet. 

S. Provisions and Requirements Implementing State Law.  The 
provisions/requirements in subsection V.B of this Order are included to implement state 
law only.  These provisions/requirements are not required or authorized under the 
federal CWA; consequently, violations of these provisions/requirements are not subject 
to the enforcement remedies that are available for NPDES violations. 

T. Notification of Interested Parties.  The Regional Water Board has notified the 
Discharger and interested agencies and persons of its intent to prescribe Waste 
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Discharge Requirements for the discharge and has provided them with an opportunity to 
submit their written comments and recommendations.  Details of notification are 
provided in the Fact Sheet of this Order. 

U. Consideration of Public Comment.  The Regional Water Board, in a public meeting, 
heard and considered all comments pertaining to the discharge.  Details of the Public 
Hearing are provided in the Fact Sheet of this Order.
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THEREFORE, IT IS HEREBY ORDERED, that Order Nos. R4-2003-0145 and R4-2005-
0032 are superseded upon the effective date of this Order except for enforcement 
purposes, and, in order to meet the provisions contained in division 7 of the California 
Water Code (commencing with section 13000) and regulations adopted thereunder, and 
the provisions of the federal Clean Water Act (CWA) and regulations and guidelines 
adopted thereunder, the Discharger shall comply with the requirements in this Order. 

III. DISCHARGE PROHIBITIONS 

A. Discharge of wastewater at a location different from that described in this Order is 
prohibited. 

B. The bypass or overflow of untreated wastewater or wastes to surface waters or surface 
water drainage courses is prohibited, except as allowed in Standard Provision I.G. of 
Attachment D, Standard Provisions. 

C. The monthly average effluent dry weather discharge flow rate from the facility shall not 
exceed the design capacity. 

D. The Discharger shall not cause degradation of any water supply, except as consistent 
with the State Water Resources Control Board (State Water Board) Resolution No. 68-
16. 

E. The treatment or disposal of wastes from the facility shall not cause pollution or 
nuisance as determined in section 13050, subdivisions (l) and (m), of the California 
Water Code. 

F. The discharge of any substances in concentrations toxic to animal or plant is prohibited. 

G. The discharge of any radiological, chemical, or biological warfare agent or high level 
radiological waste is prohibited. 
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IV. EFFLUENT LIMITATIONS AND DISCHARGE SPECIFICATIONS 

A. Effluent Limitations – Discharge Points 001 and 002 

1. Final Effluent Limitations – Discharge Points 001 and 002 

a. The Discharger shall maintain compliance with the following effluent limitations at 
Discharge Points 001 and 002 into Santa Clara River, with compliance measured 
at Monitoring Locations EFF001 and EFF002, respectively, as described in the 
attached Monitoring and Reporting Program: 

  
Table 6. Effluent Limitations 

Effluent Limitations 
 Parameter Units 

Average 
Monthly 

Ave. 
Weekly 

Maximum 
Daily 

Instant. 
Minimum 

Instant. 
Maximum 

mg/L 20 30 45 -- -- Biochemical Oxygen 
Demand 5-day @ 20°C lbs/day1 3600 5400 8100 -- -- 

mg/L 15 40 45 -- -- 
Total Suspended Solids 

lbs/day 1 2700 7200 8100 -- -- 
pH standard units -- -- -- 6.5 8.5 
Settleable Solids ml/L 0.1 -- 0.3 -- -- 

mg/L 10 -- 15 -- -- 
Oil and grease 

lbs/day1 1800  2700 -- -- 
Total Residual Chlorine mg/L -- -- 0.1 -- -- 

mg/L 1,000 -- -- -- -- Total dissolved solids 
(TDS) lbs/day1 180,000 -- -- -- -- 

mg/L 400 -- -- -- -- 
Sulfate 

lbs/day1 72,000 -- -- -- -- 
mg/L 1.5 -- -- -- -- Boron 

 lbs/day1 270 -- -- -- -- 
mg/L 0.5 -- -- -- -- 

MBAS 
lbs/day1 90 -- -- -- -- 

                                            
1  The mass emission rates are based on the plant design flow rate of 21.6 MGD, and are calculated as 

follows: Flow(MGD) x Concentration (mg/L) x 8.34 (conversion factor) = lbs/day.  During wet-weather storm 
events in which the flow exceeds the design capacity, the mass discharge rate limitations shall not apply, 
and concentration limitations will provide the only applicable effluent limitations. 
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Effluent Limitations 
 Parameter Units 

Average 
Monthly 

Ave. 
Weekly 

Maximum 
Daily 

Instant. 
Minimum 

Instant. 
Maximum 

Chloride mg/L -- -- 1002 -- -- 
Ammonia Nitrogen (NH3-N) mg/L 1.753 -- 5.2 3 -- -- 
Nitrate + Nitrite as Nitrogen 
(NO3-N + NO2-N) mg/L 6.8 3 -- -- -- -- 

Nitrite as Nitrogen (NO2-N) 
 

mg/L 0.9 3 
-- 

-- -- -- 

Nitrate as N ( NO3-N) mg/L 6.8 3 -- -- -- -- 
Arsenic µg/L 10 -- -- -- -- 
 lbs/day 1.8 -- -- -- -- 
Mercury µg/L 0.051 -- 0.094 -- -- 
 lbs/day 0.0092 -- 0.017 -- -- 
Selenium µg/L 4.4 -- 7.3 -- -- 
 lbs/day 0.79 -- 1.3 -- -- 
Iron µg/L 300 -- -- -- -- 
 lbs/day 54 -- -- -- -- 
Total trihalomethanes4 µg/L 80 -- -- -- -- 
 lbs/day 14 -- -- -- -- 

 
b. Percent Removal: The average monthly percent removal of BOD 5-day 20°C 

and total suspended solids shall not be less than 85 percent. 

                                            
2  This limitation is derived from the waste load allocation for chloride, as set forth in the Chloride TMDL for 

the Upper Santa Clara River, Resolution No. 004-004, Revision of interim waste load allocations and 
implementation plan for chloride in the Amendment to the Water Quality Control Plan for the Los Angeles 
Region to include a TMDL for Chloride in the Upper Santa Clara River (Resolution No. 03-008), adopted by 
the Regional Water Board on May 6, 2004.  This effluent limitation is superceded by the interim effluent limit 
for chloride, based upon the interim waste load allocation, shown in Table 7 of this NPDES Order.  
According to Resolution No. R4-2006-016, Amendment to the Water Quality Control Plan for the Los 
Angeles Region through revision of the Implementation Plan for the Upper Santa Clara River Chloride 
TMDL, which proposed to shorten the compliance period by two years, the WLA-based final effluent limit for 
chloride shall become operative 11 years after the effective date of the Upper Santa Clara River Chloride 
TMDL. 

 
3  This limitation is derived from the final waste load allocation, as set forth in Resolution No. 03-011, 

Amendment to the Water Quality Control Plan for the Los Angeles Region to include a TMDL for Nitrogen 
Compounds in the Santa Clara River, adopted by the Regional Water Board on August 7, 2003.  The TMDL 
Implementation section specifies that the Waste Load Allocation shall become operative after the 
completion of additional treatment or modifications to achieve WLAs by POTWs, in as short a period of time 
as possible, but no later than eight years after the effective date of the TMDL (before March 23, 2012).  At 
the Regional Water Board’s discretion, interim limits based upon the interim waste load allocations, were 
allowed for a period not to exceed five years from the effective date of the TMDL.  Since the Valencia WRP 
has completed its nitrification/denitrification upgrades, this effluent limitation is in effect. 

 
4  Total trihalomethanes is the sum of concentrations of the trihalomethane compounds: 

bromodichloromethane, bromoform, chloroform, and dibromochloromethane.  This limit is based on the 
Basin Plan WQO incorporation of MCLs by reference. 
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c. The temperature of wastes discharged shall not exceed 86°F except as a result 
of external ambient temperature. 

d. The radioactivity of the wastes discharged shall not exceed the limits specified in 
Title 22, Chapter 15, Article 5, Section 64443, of the California Code of 
Regulations (CCR), or subsequent revisions. 

e. The wastes discharged to water courses shall at all times be adequately 
disinfected.  For the purpose of this requirement, the wastes shall be considered 
adequately disinfected if: 1) the median number of total coliform bacteria 
measured in the disinfected effluent does not exceed an MPN or CFU of 2.2 per 
100 milliliters utilizing the bacteriological results of the last seven days for which 
analyses have been completed; 2) the number of total coliform organisms does 
not exceed an MPN or CFU of 23 per 100 milliliters in more than one sample in 
any 30-day period; and, 3) no sample exceeds 240 MPN or CFU of total coliform 
bacteria per 100 milliliters.  Samples shall be collected at a time when 
wastewater flow and characteristics are most demanding on treatment facilities 
and the disinfection processes. 

f. For the protection of the water contact recreation beneficial use, the wastes 
discharged to water courses shall have received adequate treatment, so that the 
turbidity of the treated wastewater does not exceed: (a) an average of 2 
Nephelometric turbidity units (NTUs) within a 24 hour period; (b) 5 NTUs more 
than 5 percent of the time (72 minutes) during any 24 hour period; and (c) 10 
NTUs at any time. 

g. To protect underlying ground water basins, pollutants shall not be present in the 
wastes discharged at concentrations that pose a threat to ground water quality. 

h. Acute Toxicity Limitation and Effluent Requirements: 

i. The acute toxicity of the effluent shall be such that: 

(a) The average survival in the undiluted effluent for any three (3) consecutive 
96-hour static renewal bioassay tests shall be at least 90%, and 

(b) No single test produces less than 70% survival. 

ii. If either of the above requirements (h)(i)(a) or (h)(i)(b) is not met, the 
Discharger shall conduct six additional tests over a twelve-week period.  The 
Discharger shall ensure that they receive results of a failing acute toxicity test 
within 24 hours of the completion of the test and the additional tests shall 
begin within 5 business days of the receipt of the result.  If the additional tests 
indicate compliance with acute toxicity limitation, the Discharger may resume 
testing at the regular frequency as specified in the monitoring and reporting 
program.  However, if the results of any two of the six accelerated tests are 
less than 90% survival, then the Discharger shall begin a Toxicity 



Santa Clarita Valley Sanitation District of Los Angeles County ORDER NO. R4-2009-0074  
Valencia Water Reclamation Plant NPDES NO. CA0054216 
 
 

 
Limitations and Discharge Requirements (Tentative Version 02/25/09, 20 
 Revised: 04/07/09, 04/20/09, 5/14/09, & 6/4/09) 

 
 

Identification Evaluation (TIE).  The TIE shall include all reasonable steps to 
identify the sources of toxicity.  Once the sources are identified, the 
Discharger shall take all reasonable steps to reduce toxicity to meet the limits. 

iii. If the initial test and any of the additional six acute toxicity bioassay tests 
result in less than 70 % survival, the Discharger shall immediately implement 
the Initial Investigation Toxicity Reduction Evaluation (TRE) Workplan 
described later in this section. 

iv. The Discharger shall conduct acute toxicity monitoring as specified in 
Attachment E - Monitoring and Reporting Program (MRP). 

i. Chronic Toxicity Trigger and Requirements: 

i. The chronic toxicity of the effluent shall be expressed and reported in toxic 
units, where: 

  
NOEC

TU c

100=  

The No Observable Effect Concentration (NOEC) is expressed as the 
maximum percent effluent concentration that causes no observable effect on 
test organisms, as determined by the results of a critical life stage toxicity test. 
 

ii. There shall be no chronic toxicity in the effluent discharge. 

iii. If the chronic toxicity of the effluent exceeds the 1.0 TUc monthly median 
trigger, the Discharger shall immediately implement accelerated chronic 
toxicity testing according to Attachment E –MRP, Section V.B.3.  If any three 
out of the initial test and the six accelerated test results exceed 1.0 TUc, the 
Discharger shall initiate a TIE and implement the Initial Investigation TRE 
Workplan, as specified in Attachment E – MRP, Sections V.D and V.E.  

iv. The Discharger shall conduct chronic toxicity monitoring as specified in 
Attachment E – MRP. 

 

2. Interim Effluent Limitations 

a. Consistent with the Santa Clara River Watershed Chloride TMDL, during the 
period beginning July 24, 2009 (permit effective date) and ending on May 10, 
20145 (permit expiration date), the Discharger shall maintain compliance with the 

                                            
5  Should this NPDES permit be administratively extended, beyond the May 10, 2014 expiration date, then the 

chloride compliance date shall also be administratively extended, but not beyond the compliance date 
established in the Upper Santa Clara River Chloride TMDL. 
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following interim effluent limitation in Table 7 of this NPDES Order, at Discharge 
Points 001 and 002 compliance measured at Monitoring Location EFF-001 and 
EFF-002, as described in the attached MRP. This interim effluent limitation shall 
apply in lieu of the corresponding final effluent limitations, until the final effluent 
limitation becomes operative as delineated in Footnote 2 of Table 6, for the same 
parameter during the time period indicated in this provision. 

 
Table 7. Interim Effluent Limitations 

Effluent Limitations 
Parameter Units Average 

Monthly 
Maximum 

Daily 
Instantaneous 

Minimum 
Instantaneous 

Maximum 
Chloride mg/L 6 -- -- -- 

 
B. Land Discharge Specifications  

[Not Applicable.] 
 
 

Table 8. Land Discharge Specifications 
Discharge Specifications 

Parameter Units Average 
Monthly 

Maximum 
Daily 

Average 
Annual 

N/A     

 
 

C. Reclamation Specifications  

Water Reclamation Requirements for Irrigation & Industrial Use.  The discharger 
currently recycles treated effluent and plans on increasing the amount of water it 
recycles.  The production, distribution, and reuse of recycled water for direct, non-
potable applications are presently regulated under Water Reclamation Requirements 
(WRR) Order No. 87-48, adopted by this Regional Water Board on April 27, 1987.   
 

 
Table 9. Reclamation Discharge Specifications 

Discharge Specifications 
Parameter Units Average 

Monthly 
Maximum 

Daily 
Average 
Annual 

N/A      

 
 

                                            
6  The chloride interim limit is equal to the sum of the State Water Project treated water supply chloride 

concentration plus 134 mg/L, expressed as a 12-month rolling average, not to exceed a daily maximum of 
230 mg/L.   
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V. RECEIVING WATER LIMITATIONS 

 
A. Surface Water Limitation 

Receiving water limitations are based on water quality objectives contained in the Basin 
Plan and are a required part of this Order.  The discharge shall not cause the following 
in the Santa Clara River: 

1. For waters designated with a warm freshwater habitat (WARM) beneficial use, the 
temperature of the receiving water at any time or place and within any given 24-hour 
period shall not be altered by more than 5°F above the natural temperature due to 
the discharge of effluent at the receiving water station located downstream of the 
discharge.  Natural conditions shall be determined on a case-by-case basis. 

2. The pH of inland surface waters shall not be depressed below 6.5 or raised above 
8.5 as a result of wastes discharged.  Ambient pH levels shall not be changed more 
than 0.5 units from natural conditions as a result of wastes discharged.  Natural 
conditions shall be determined on a case-by-case basis. 

3. The dissolved oxygen in the receiving water shall not be depressed below 5 mg/L as 
a result of the wastes discharged. 

 
4. The fecal coliform concentration in the receiving water shall not exceed the 

following, as a result of wastes discharged: 
 

a. Geometric Mean Limits 
 

i. E.coli density shall not exceed 126/100 mL. 
 
ii. Fecal coliform density shall not exceed 200/100 mL. 
 

b. Single Sample Limits 
 

i. E.coli density shall not exceed 235/100 mL. 
 

ii. Fecal coliform density shall not exceed 400/100 mL. 
 

5. Waters shall be free of changes in turbidity that cause nuisance or adversely affect 
beneficial uses.  Increases in natural turbidity attributable to controllable water 
quality factors shall not exceed the following limits, as a result of wastes discharged: 

 
a. Where natural turbidity is between 0 and 50 NTU, increases shall not exceed 

20%, and 
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b. Where natural turbidity is greater than 50 NTU, increases shall not exceed 
10%. 

 
6. The wastes discharged shall not produce concentrations of toxic substances in the 

receiving water that are toxic to or cause detrimental physiological responses in 
human, animal, or aquatic life. 

 
7. The wastes discharged shall not cause concentrations of contaminants to occur at 

levels that are harmful to human health in waters which are existing or potential 
sources of drinking water. 

 
8. The concentrations of toxic pollutants in the water column, sediments, or biota shall 

not adversely affect beneficial uses as a result of the wastes discharged. 
 
9. The wastes discharged shall not contain substances that result in increases in BOD, 

which adversely affect the beneficial uses of the receiving waters. 
 
10. Waters shall not contain biostimulatory substances in concentrations that promote 

aquatic growth to the extent that such growth causes nuisance or adversely affects 
beneficial uses. 

 
11. The wastes discharged shall not cause the receiving waters to contain any 

substance in concentrations that adversely affect any designated beneficial use. 
 

12. The wastes discharged shall not alter the natural taste, odor, and color of fish, 
shellfish, or other surface water resources used for human consumption. 

 
13. The wastes discharged shall not result in problems due to breeding of mosquitoes, 

gnats, black flies, midges, or other pests. 
 
14. The wastes discharged shall not result in visible floating particulates, foams, and oil 

and grease in the receiving waters. 
 
15. The wastes discharged shall not alter the color of the receiving waters; create a 

visual contrast with the natural appearance of the water; nor cause aesthetically 
undesirable discoloration of the receiving waters. 

 
16. The wastes discharged shall not contain any individual pesticide or combination of 

pesticides in concentrations that adversely affect beneficial uses of the receiving 
waters. There shall be no increase in pesticide concentrations found in bottom 
sediments or aquatic life as a result of the wastes discharged. 

 
17. Acute Toxicity Receiving Water Quality Objective 

 
a. There shall be no acute toxicity in ambient waters as a result of wastes 

discharged. 
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b. Receiving water and effluent toxicity testing shall be performed on the same day 

as close to concurrently as possible. 
 

c. The acute toxicity of the receiving water, at monitoring location RSW-002D 
located immediately downstream of the discharge(s), including mixing zone shall 
be such that: (i) the average survival in the undiluted receiving water for any 
three (3) consecutive 96-hour static, static renewal, or continuous flow bioassay 
tests shall be at least 90%, and (ii) no single test produces less than 70% 
survival. Static-renewal bioassay tests may be used, as allowed by the most 
current USEPA test method for measuring acute toxicity. 

 
d. If the upstream acute toxicity of the receiving water is greater than the 

downstream acute toxicity but the effluent acute toxicity is in compliance, acute 
toxicity accelerated monitoring in the receiving water according to Attachment E -
MRP Section V.A.2.d does not apply. 

 
18. Chronic Toxicity Receiving Water Quality Objective 

 
a. There shall be no chronic toxicity in ambient waters as a result of wastes 

discharged. 
 
b. Receiving water and effluent toxicity testing shall be performed on the same day 

as close to concurrently as possible. 
 
c. If the chronic toxicity in the receiving water at the monitoring station immediately 

downstream of the discharge exceeds the monthly median of 1.0 TUc trigger in a 
critical life stage test and the toxicity cannot be attributed to upstream toxicity, as 
assessed by the Discharger, then the Discharger shall immediately implement an 
accelerated chronic toxicity testing according to Attachment E – MRP Section 
V.B.3. If two of the six tests exceed a 1.0 TUc trigger, the Discharger shall initiate 
a TIE and implement the Initial Investigation TRE Workplan. 

 
d. If the chronic toxicity of the receiving water upstream of the discharge is greater 

than the downstream and the TUc of the effluent chronic toxicity test is less than 
or equal to a monthly median of 1 TUc trigger, then accelerated monitoring need 
not be implemented. 
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B. Groundwater Limitations 

Groundwater limitations are based on water quality objectives contained in the Basin 
Plan and are a required part of this Order.  The discharge shall not cause the following 
in the groundwater basins: 
 
1. In ground waters used for domestic or municipal supply the concentration of coliform 

organisms over any seven day period shall be less than 1.1/ 100 ml. 

2. Ground waters designated for use as domestic or municipal supply (MUN) shall not 
contain concentrations of chemical constituents and radionuclides in excess of the 
limits specified in the provisions of Title 22 of the California Code of Regulations, 
which are incorporated by reference into the Basin Plan. 

3. Ground waters shall not exceed 10 mg/L nitrogen as nitrate-nitrogen plus nitrite-
nitrogen (NO3-N + NO2-N), 45 mg/L as nitrate (NO3), 10 mg/L as nitrate-nitrogen 
(NO3-N), or 1 mg/L as nitrite-nitrogen (NO2-N). 

 
4. Groundwaters shall not contain taste or odor producing substances in 

concentrations that cause nuisance or adversely affect beneficial uses.  
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VI. PROVISIONS 

A. Standard Provisions 

1. The Discharger shall comply with all Standard Provisions included in Attachment D 
of this Order. 

2. Regional Water Board-specific Standard Provisions. The Discharger shall 
comply with the following Regional Water Board-specific provisions: 

a. Neither the treatment nor the discharge of pollutants shall create pollution, 
contamination, or nuisance as defined by Section 13050 of the California Water 
Code. 

b. Odors, vectors, and other nuisances of sewage or sludge origin beyond the limits 
of the treatment plant site or the sewage collection system due to improper 
operation of facilities, as determined by the Regional Water Board, are 
prohibited.  

c. All facilities used for collection, transport, treatment, or disposal of "wastes" shall 
be adequately protected against damage resulting from overflow, washout, or 
inundation from a storm or flood having a recurrence interval of once in 100 
years. 

d. Collection, treatment, and disposal systems shall be operated in a manner that 
precludes public contact with wastewater.  

e. Collected screenings, sludges, and other solids removed from liquid wastes shall 
be disposed of in a manner approved by the Executive Officer of the Regional 
Water Board. 

f. The provisions of this order are severable. If any provision of this order is found 
invalid, the remainder of this Order shall not be affected. 

g. Nothing in this permit shall be construed to preclude the institution of any legal 
action or relieve the discharger from any responsibilities, liabilities or penalties 
established pursuant to any applicable State law or regulation under authority 
preserved by Section 510 of the CWA. 

h. Nothing in this permit shall be construed to preclude the institution of any legal 
action or relieve the discharger from any responsibilities, liabilities or penalties to 
which the discharger is or may be subject to under Section 311 of the CWA. 

i. The Discharger must comply with the lawful requirements of municipalities, 
counties, drainage districts, and other local agencies regarding discharges of 
storm water to storm drain systems or other water courses under their 
jurisdiction; including applicable requirements in municipal storm water 
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management program developed to comply with NPDES permits issued by the 
Regional Water Board to local agencies. 

j. Discharge to wastes to any point other than specifically described in this Order is 
prohibited, and constitutes a violation thereof. 

k. The Discharger shall comply with all applicable effluent limitations, national 
standards of performance, toxic effluent standards, and all federal regulations 
established pursuant to Sections 301, 302, 303(d), 304, 306, 307, 316, 403, and 
405 of the Federal CWA and amendments thereto. 

l. These requirements do not exempt the operator of the waste disposal facility 
from compliance with any other laws, regulations, or ordinances which may be 
applicable; they do not legalize this waste disposal facility, and they leave 
unaffected any further restraints on the disposal of wastes at this site which may 
be contained in other statutes or required by other agencies. 

m. Oil or oily material, chemicals, refuse, or other polluting materials shall not be 
stored or deposited in areas where they may be picked up by rainfall and carried 
off of the property and/or discharged to surface waters. Any such spill of such 
materials shall be contained and removed immediately. 

n. A copy of these waste discharge specifications shall be maintained at the 
discharge facility so as to be available at all times to operating personnel. 

o. If there is any storage of hazardous or toxic materials or hydrocarbons at this 
facility and if the facility is not manned at all times, a 24-hour emergency 
response telephone number shall be prominently posted where it can easily be 
read from the outside. 

p. The Discharger shall file with the Regional Water Board a report of waste 
discharge at least 120 days before making any proposed change in the 
character, location or volume of the discharge. 

q. In the event of any change in name, ownership, or control of these waste 
disposal facilities, the discharger shall notify the Regional Water Board of such 
change and shall notify the succeeding owner or operator of the existence of this 
Order by letter, a copy of which shall be forwarded to the Regional Water Board. 

r. California Water Code section 13385 provides that any person who violates a 
waste discharge requirement or a provision of the California Water Code is 
subject to civil penalties of up to $5,000 per day, $10,000 per day, or $25,000 per 
day of violation, or when the violation involves the discharge of pollutants, is 
subject to civil penalties of up to $10 per gallon per day or $25 per gallon per day 
of violation; or some combination thereof, depending on the violation, or upon the 
combination of violations.  Violation of any of the provisions of the NPDES 
program or of any of the provisions of this Order may subject the violator to any 
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of the penalties described herein, or any combination thereof, at the discretion of 
the prosecuting authority; except that only one kind of penalty may be applied for 
each kind of violation. 

s. Pursuant to California Water Code13387(e), any person who knowingly makes 
any false statement, representation, or certification in any record or other 
document submitted or required to be maintained under this order, including 
monitoring reports or reports of compliance or noncompliance, or who knowingly 
falsifies, tampers with, or renders inaccurate any monitoring device or method 
required to be maintained in this order and is subject to a fine of not more than 
$25,000, imprisonment for not more than two years, or both. For a subsequent 
conviction, such a person shall be punished by a fine of not more than $25,000 
per day of violation, by imprisonment of not more than four years, or by both. 

t. The discharge of any waste resulting from the combustion of toxic or hazardous 
wastes to any waste stream that ultimately discharges to waters of the United 
States is prohibited, unless specifically authorized elsewhere in this permit. 

u. The Discharger shall notify the Executive Officer in writing no later than 6 months 
prior to planned discharge of any chemical, other than the products previously 
reported to the Executive Officer, which may be toxic to aquatic life. Such 
notification shall include: 

i. Name and general composition of the chemical, 

ii. Frequency of use, 

iii. Quantities to be used, 

iv. Proposed discharge concentrations, and 

v. USEPA registration number, if applicable. 

v. Failure to comply with provisions or requirements of this Order, or violation of 
other applicable laws or regulations governing discharges from this facility, may 
subject the Discharger to administrative or civil liabilities, criminal penalties, 
and/or other enforcement remedies to ensure compliance.  Additionally, certain 
violations may subject the Discharger to civil or criminal enforcement from 
appropriate local, state, or federal law enforcement entities. 

w. In the event the Discharger does not comply or will be unable to comply for any 
reason, with any prohibition, effluent limitation, or receiving water limitation of this 
Order, the Discharger shall notify the Watershed Regulatory Section Chief at the 
Regional Water Board by telephone at (213) 576-6616, or electronically at 
dhung@waterboards.ca.gov, within 24 hours of having knowledge of such 
noncompliance, and shall confirm this notification in writing to the Regional Water 
Board within five days, unless the Regional Water Board waives confirmation.  
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The written notification shall state the nature, time, duration, and cause of non-
compliance, and shall describe the measures being taken to remedy the current 
noncompliance, and the measures to prevent recurrence including, where 
applicable, a schedule of implementation.  Other noncompliance requires written 
notification as above at the time of the normal monitoring report. 

x. Prior to making any change in the point of discharge, place of use, or purpose of 
use of treated wastewater that results in a decrease of flow in any portion of a 
watercourse, the Discharger must file a petition with the State Water Board, 
Division of Water Rights, and receive approval for such a change.  (Wat. Code § 
1211.) 

B. Monitoring and Reporting Program (MRP) Requirements 

The Discharger shall comply with the MRP, and future revisions thereto, in Attachment 
E of this Order. 

C. Special Provisions 

1. Reopener Provisions 

a. This Order may be modified, revoked and reissued, or terminated for cause, 
including, but not limited to: 

(1) Violation of any term or condition contained in this Order; 
 
 
(2) Obtaining this Order by misrepresentation, or by failure to disclose fully all 

relevant facts; 
 
(3) A change in any condition that requires either a temporary or permanent 

reduction or elimination of the authorized discharge. 
 
The filing of a request by the Discharger for an Order modification, revocation, 
and issuance or termination, or a notification of planned changes or anticipated 
noncompliances does not stay any condition of this Order. 
 

b. This Order may be reopened and modified, in accordance with SIP section 2.2.2.A 
to incorporate the results of revised reasonable potential analyses to be conducted 
upon receipt of additional data. 

c. This Order may be modified, in accordance with the provisions set forth in 40 
C.F.R., Parts 122 and 124 to include requirements for the implementation of the 
watershed protection management approach. 

d. The Board may modify, or revoke and reissue this Order if present or future 
investigations demonstrate that the discharge(s) governed by this Order will cause, 
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have the potential to cause, or will contribute to adverse impacts on water quality 
and/or beneficial uses of the receiving waters. 

e. This Order may also be modified, revoked, and reissued or terminated in 
accordance with the provisions of 40 C.F.R., parts 122.44, 122.62 to 122.64, 
125.62, and 125.64.  Causes for taking such actions include, but are not limited 
to, failure to comply with any condition of this Order, endangerment to human 
health or the environment resulting from the permitted activity, or acquisition of 
newly obtained information which would have justified the application of different 
conditions if known at the time of Order adoption.  The filing of a request by the 
District for an Order modification, revocation and issuance or termination, or a 
notification of planned changes or anticipated noncompliance does not stay any 
condition of this Order.  

f. This Order may be modified, in accordance with the provisions set forth in 40 
C.F.R., parts 122 to 124, to include new MLs. 

g. If an applicable toxic effluent standard or prohibition (including any schedule of 
compliance specified in such effluent standard or prohibition) is promulgated 
under section 307(a) of the CWA for a toxic pollutant and that standard or 
prohibition is more stringent than any limitation on the pollutant in this Order, the 
Regional Water Board may institute proceedings under these regulations to 
modify or revoke and reissue the Order to conform to the toxic effluent standard 
or prohibition. 

h. The waste discharged shall not cause a violation of any applicable water quality 
standard for receiving waters. If more stringent applicable water quality standards 
are promulgated or approved pursuant to Section 303 of the CWA, or 
amendments, thereto, the Regional Water Board will revise and modify this Order 
in accordance with such standards. 

i. This Order may be reopened and modified to revise effluent limitations as a 
result of future Basin Plan Amendments, such as an update of a water quality 
objective, the adoption of a site specific objective, or the adoption of a TMDL for 
the Santa Clara River Watershed. 

j. This Order may be reopened and modified to revise the chronic toxicity effluent 
limitation or the residual chlorine effluent limitation, to the extent necessary, to be 
consistent with State Water Board precedential decisions, new policies, new 
laws, or new regulations. 

k. Upon the request of the Discharger, the Regional Board will evaluate future 
studies conducted , to evaluate the appropriateness of applying dilution credits 
and/or attenuation factors demonstrated to be  appropriate and protective of the 
GWR beneficial use, on a pollutant-by-pollutant basis.  Following this evaluation, 
this Order may be reopened to modify final effluent limitations, if at the 
conclusion of necessary studies conducted by the Discharger, the Regional 



Santa Clarita Valley Sanitation District of Los Angeles County ORDER NO. R4-2009-0074  
Valencia Water Reclamation Plant NPDES NO. CA0054216 
 
 

 
Limitations and Discharge Requirements (Tentative Version 02/25/09, 31 
 Revised: 04/07/09, 04/20/09, 5/14/09, & 6/4/09) 

 
 

Water Board determines that dilution credits, attenuation factors, or metal 
translators are warranted. 

2. Special Studies, Technical Reports and Additional Monitoring Requirements 

a. Toxicity Reduction Requirements 

The Discharger shall prepare and submit a copy of the Discharger’s initial 
investigation Toxicity Reduction Evaluation (TRE) workplan to the Executive 
Officer of the Regional Water Board for approval within 90 days of the effective 
date of this permit. If the Executive Officer does not disapprove the workplan 
within 60 days from the date in which it was received, the workplan shall become 
effective. The Discharger shall use USEPA manual EPA/833B-99/002 
(municipal) as guidance, or most current version. At a minimum, the initial 
investigation TRE workplan must contain the provisions in Attachment G. This 
workplan shall describe the steps the Discharger intends to follow if toxicity is 
detected, and should include, at a minimum: 
 
(1) A description of the investigation and evaluation techniques that will be used 

to identify potential causes and sources of toxicity, effluent variability, and 
treatment system efficiency. 

 
(2) A description of the facility’s methods of maximizing in-house treatment 

efficiency and good housekeeping practices, and a list of all chemicals used 
in the operation of the facility; and, 

 
(3) If a toxicity identification evaluation (TIE) is necessary, an indication of the 

person who would conduct the TIEs (i.e., an in-house expert or an outside 
contractor). 

 
If the effluent toxicity test result exceeds the 1.0 TUc monthly median toxicity 
trigger, then the Discharger shall immediately implement accelerated toxicity 
testing that consists of six additional tests, approximately every two weeks, over 
a 12-week period. Effluent sampling for the first test of the six additional tests 
shall commence within 5 business days of receipt of the test results exceeding 
the toxicity trigger. 

 
If the results of any two of the six tests (any two tests in a 12-week period) 
exceed the limitation, the Discharger shall initiate a Toxicity Reduction Evaluation 
(TRE). 

 
If results of the implementation of the facility’s initial investigation TRE workplan 
(as described above) indicate the need to continue the TRE/TIE, the Discharger 
shall expeditiously develop a more detailed TRE workplan for submittal to the 
Executive Officer within 15 days of completion of the initial investigation TRE. 
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Detailed toxicity testing and reporting requirements are contained in Section V of 
the MRP (Attachment E). 
 

b. Treatment Plant Capacity 

The Discharger shall submit a written report to the Executive Officer of the 
Regional Water Board within 90 days after the “30-day (monthly) average” daily 
dry-weather flow equals or exceeds 75 percent of the design capacity of waste 
treatment and/or disposal facilities. The Discharger's senior administrative officer 
shall sign a letter, which transmits that report and certifies that the discharger's 
policy-making body is adequately informed of the report's contents. The report 
shall include the following: 

(1) The average daily flow for the month, the date on which the peak flow 
occurred, the rate of that peak flow, and the total flow for the day; 

 
(2) The best estimate of when the monthly average daily dry-weather flow rate 

will equal or exceed the design capacity of the facilities; and 
 

(3) A schedule for studies, design, and other steps needed to provide additional 
capacity for waste treatment and/or disposal facilities before the waste flow 
rate equals the capacity of present units. 

 
This requirement is applicable to those facilities which have not reached 75 
percent of capacity as of the effective date of this Order. For those facilities that 
have reached 75 percent of capacity by that date but for which no such report 
has been previously submitted, such report shall be filed within 90 days of the 
issuance of this Order. 
 

3. Best Management Practices and Pollution Prevention 

a. Storm Water Pollution Prevention Plan (SWPPP) – Not Applicable 

Within 90 days of the effective date of this Order the Discharger shall submit an 
updated SWPPP that describes site-specific management practices for 
minimizing contamination of storm water runoff and for preventing contaminated 
storm water runoff from being discharged directly to waters of the State to the 
Regional Water Board.  The SWPPP shall be developed in accordance with the 
requirements in Storm Water Pollution Prevention Plan Requirements (Attachment 
H).  If all storm water is captured and treated on-site and no storm water is 
discharged or allowed to run off-site from the Facility, the Discharge shall provide 
certification with descriptions of on-site storm water management to the Regional 
Water Board. 

b. Spill Clean-up Contingency Plan (SCP) 
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Within ninety days, the Discharger is required to submit a Spill Clean-up 
Contingency Plan, which describes the activities and protocols, to address 
cleanup of spills, overflows, and bypasses of untreated or partially treated 
wastewater from the Discharger’s collection system or treatment facilities, that 
reach water bodies, including dry channels and beach sands. At a minimum, the 
Plan shall include sections on spill clean-up and containment measures, public 
notification, and monitoring. The Discharger shall review and amend the Plan as 
appropriate after each spill from the facility or in the service area of the facility.  
The Discharger shall include a discussion in the annual summary report of any 
modifications to the Plan and the application of the Plan to all spills during the 
year. 
 

c. Pollutant Minimization Program (PMP) 

Reporting protocols in the Monitoring and Reporting Program, Attachment E, 
Section X.B.4 describe sample results that are to be reported as Detected but 
Not Quantified (DNQ) or Not Detected (ND). Definitions for a reported Minimum 
Level (ML) and Method Detection Limit (MDL) are provided in Attachment A.  
These reporting protocols and definitions are used in determining the need to 
conduct a Pollution Minimization Program (PMP) as follows: 

The Discharger shall be required to develop and conduct a PMP as further 
described below when there is evidence (e.g., sample results reported as DNQ 
when the effluent limitation is less than the MDL, sample results from analytical 
methods more sensitive than those methods required by this Order, presence of 
whole effluent toxicity, health advisories for fish consumption, results of benthic 
or aquatic organism tissue sampling) that a priority pollutant is present in the 
effluent above an effluent limitation and either: 

i. The concentration of the pollutant is reported as DNQ and the effluent 
limitation is less than the reported ML; or 

ii. The concentration of the pollutant is reported as ND and the effluent limitation 
is less than the MDL. 

The goal of the PMP shall be to reduce all potential sources of a pollutant 
through pollutant minimization (control) strategies, including pollution prevention 
measures as appropriate, to maintain the effluent concentration at or below the 
effluent limitation. Pollution prevention measures may be particularly appropriate 
for persistent bioaccumulative priority pollutants where there is evidence that 
beneficial uses are being impacted. The Regional Water Board may consider 
cost-effectiveness when establishing the requirements of a PMP. The completion 
and implementation of a Pollution Prevention Plan, if required pursuant to CWC 
Section 13263.3(d), shall be considered to fulfill the PMP requirements. 

 
The PMP shall include, but not be limited to, the following actions and submittals 
acceptable to the Regional Water Board: 
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i. An annual review and semi-annual monitoring of potential sources of the 
reportable priority pollutant(s), which may include fish tissue monitoring and 
other bio-uptake sampling; 

ii. Quarterly monitoring for the reportable priority pollutant(s) in the influent to the 
wastewater treatment system; 

iii. Submittal of a control strategy designed to proceed toward the goal of 
maintaining concentrations of the reportable priority pollutant(s) in the effluent 
at or below the effluent limitation; 

iv. Implementation of appropriate cost-effective control measures for the 
reportable priority pollutant(s), consistent with the control strategy; and 

v. An annual status report that shall be sent to the Regional Water Board 
including:  

(a) All PMP monitoring results for the previous year; 

(b) A list of potential sources of the reportable pollutant(s); 

(c) A summary of all actions undertaken pursuant to the control strategy; and 

(d) A description of actions to be taken in the following year. 

4. Construction, Operation and Maintenance Specifications 

a. Wastewater treatment facilities subject to this Order shall be supervised and 
operated by persons possessing certificates of appropriate grade pursuant to 
section 13625 of the California Water Code. 

b. The Discharger shall maintain in good working order a sufficient alternate power 
source for operating the wastewater treatment and disposal facilities. All 
equipment shall be located to minimize failure due to moisture, liquid spray, 
flooding, and other physical phenomena. The alternate power source shall be 
designed to permit inspection and maintenance and shall provide for periodic 
testing. If such alternate power source is not in existence, the discharger shall 
halt, reduce, or otherwise control all discharges upon the reduction, loss, or 
failure of the primary source of power. 

5. Special Provisions for Municipal Facilities (POTWs Only) 

a. Sludge Disposal Requirements 

(1) All sludge generated at the wastewater treatment plant will be disposed of, 
treated, or applied to land in accordance with federal regulations contained in 
40 C.F.R. part 503.  The Discharger shall comply with the requirements of 
Part 503, in general, and in particular with the requirements in Attachment I of 
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this Order, [Biosolids Use and Disposal Requirements].  These requirements 
are enforceable by USEPA. 

(2) The Discharger shall ensure compliance with the requirements in SWRCB 
Order No. 2004-10-DWQ, “General Waste Discharge Requirements for the 
discharge of Biosolids to Land for Use as a Soil Amendment in Agricultural, 
Silvicultural, Horticultural and Land Reclamation Activities” for those sites 
receiving the Discharger’s biosolids which a Regional Water Board has 
placed under this general order, and with the requirements in individual 
Waste Discharge Requirements (WDRs) issued by a Regional Water Board 
for sites receiving the Discharger’s biosolids. 

(3) The Discharger shall comply, if applicable, with WDRs issued by other 
Regional Water Boards to which jurisdiction the biosolids are transported and 
applied. 

(4) The Discharger shall furnish this Regional Water Board with a copy of any 
report submitted to USEPA, State Water Board or other Regional Water 
Board, with respect to municipal sludge or biosolids. 

b. Pretreatment Requirements 

(1) This Order includes the Discharger’s Pretreatment Program as previously 
submitted to this Regional Water Board. Any change to the Program shall be 
reported to the Regional Water Board in writing and shall not become 
effective until approved by the Executive Officer in accordance with 
procedures established in 40 C.F.R. Part 403.18. 

 
(2) The Discharger shall enforce the requirements promulgated under Sections 

307(b), 307(c), 307(d), and 402(b) of the Federal Clean Water Act with timely, 
appropriate, and effective enforcement actions. The Discharger shall require 
industrial users to comply with Federal Categorical Standards and shall 
initiate enforcement actions against those users who do not comply with the 
standards. The Discharger shall require industrial users subject to the Federal 
Categorical Standards to achieve compliance no later than the date specified 
in those requirements or, in the case of a new industrial user, upon 
commencement of the discharge. 

 
(3) The Discharger shall perform the pretreatment functions as required in 

Federal Regulations 40 C.F.R. part 403 including, but not limited to: 
 

A. Implement the necessary legal authorities as provided in 40 C.F.R. Part 
403.8(f)(1); 

 
B. Enforce the pretreatment requirements under 40 C.F.R. Parts 403.5 and 

403.6; 
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C. Implement the programmatic functions as provided in 40 C.F.R. Part 
403.8(f)(2); and, 

 
D. Provide the requisite funding of personnel to implement the Pretreatment 

Program as provided in 40 C.F.R. Part 403.8(f)(3). 
 
(4) The Discharger shall submit semiannual and annual reports to the Regional 

Water Board, with copies to the State Water Board and USEPA Region IX, 
describing the Discharger’s pretreatment activities over the period.  The 
annual and semiannual reports shall contain, but not be limited to the 
information required in the attached Pretreatment Reporting Requirements 
(Attachment J), or an approved revised version thereof.  If the Discharger is 
not in compliance with any conditions or requirements of this Order, the 
Discharger shall include the reasons for noncompliance and shall state how 
and when the Discharger will comply with such conditions and requirements. 

 
(5) The Discharger shall be responsible and liable for the performance of all 

control authority pretreatment requirements contained in 40 C.F.R. Part 403, 
including subsequent regulatory revisions thereof.  Where part 403 or 
subsequent revisions places mandatory actions upon the Discharger as 
Control Authority but does not specify a timetable for completion of the 
actions, the Discharger shall complete the required actions within six months 
from the effective date of this Order or the effective date of part 403 revisions, 
whichever comes later.  For violations of pretreatment requirements, the 
Discharger shall be subject to enforcement actions, penalties, fines, and other 
remedies by the Regional Water Board, USEPA, or other appropriate parties, 
as provided in the Federal Clean Water Act.  The Regional Water Board or 
USEPA may initiate enforcement action against an industrial user for 
noncompliance with acceptable standards and requirements as provided in 
the Federal Clean Water Act and/or the California Water Code.     

  
c. The Discharger’s collection system is part of the system that is subject to this 

Order.  As such, the Discharger must properly operate and maintain its collection 
system (40 C.F.R. § 122.41(e)).  The Discharger must report any non-
compliance (40 C.F.R. § 122.41(l), subsections (6) and (7)) and mitigate any 
discharge from the collection system in violation of this Order (40 C.F.R. § 
122.41(d)).  See Attachment D, subsections I.D, V.E, V.H, and I.C., and the 
following section (Spill Reporting Requirements) of this Order. 

6. Spill Reporting Requirements 

A. Notification 
 
Although State and Regional Water Board staff do not have duties as first 
responders, this requirement is an appropriate mechanism to ensure that the 
agencies that do have first responder duties are notified in a timely manner in 
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order to protect public health and beneficial uses. For certain spills, overflows 
and bypasses, the Discharger shall make notifications as required below: 
 
a. In accordance with the requirements of Health and Safety Code section 

5411.5, the discharger shall provide notification to the local health officer or 
the director of environmental health with jurisdiction over the affected water 
body of any unauthorized release of sewage or other waste that causes, or 
probably will cause, a discharge to any waters of the state. 

 
b. In accordance with the requirements of Water Code section 13271, the 

discharger shall provide notification to the California Emergency Management 
Agency (Cal EMA) of the release of reportable amounts of hazardous 
substances or sewage that causes, or probably will cause, a discharge to any 
waters of the state.  The California Code of Regulations, Title 23, section 
2250, defines a reportable amount of sewage as being 1,000 gallons.  The 
phone number for reporting these releases to Cal EMA is (800) 852-7550. 

 
c. The discharger shall notify the Regional Water Quality Control Board of any 

unauthorized release of sewage from its wastewater treatment plant that 
causes, or probably will cause, a discharge to a water of the state as soon as 
possible, but not later than two (2) hours after becoming aware of the 
release.  This notification does not need to be made if the discharger has 
notified Cal EMA.  The phone number for reporting these releases of sewage 
to the Regional Water Quality Control Board is (213) 576-6657.  At a 
minimum, the following information shall be provided: 

 
(i) The location, date, and time of the release. 
 
(ii) The water body that received or will receive the discharge. 
 
(iii) An estimate of the amount of sewage or other waste released and the 

amount that reached a surface water at the time of notification. 
 
(iv) If ongoing, the estimated flow rate of the release at the time of the 

notification.  
 
(v) The name, organization, phone number and email address of the reporting 

representative. 
 

B. Monitoring 
 

For certain spills, overflows and bypasses, the Discharger shall monitor as 
required below: 
 
a. To define the geographical extent of spill’s impact the Discharger shall obtain 

grab samples (if feasible, accessible, and safe) for spills, overflows or 
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bypasses of any volume that reach receiving waters. The Discharger shall 
analyze the samples for total and fecal coliforms or E. coli, and enterococcus, 
and relevant pollutants of concern, upstream and downstream of the point of 
entry of the spill (if feasible, accessible and safe). This monitoring shall be 
done on a daily basis from time the spill is known until the results of two 
consecutive sets of bacteriological monitoring indicate the return to the 
background level or the County Department of Public Health authorizes 
cessation of monitoring. 

 
b. The Discharger shall obtain a grab sample (if feasible, accessible, and safe) 

for spills, overflows or bypasses of any volume that flowed to receiving 
waters, entered a shallow ground water aquifer, or have the potential for 
public exposure; and for all spills, overflows or bypasses of 1,000 gallons or 
more. The Discharger shall characterize the sample for total and fecal 
coliforms or E. coli, and enterococcus, and analyze relevant pollutants of 
concern depending on the area and nature of spills or overflows if feasible, 
accessible and safe. 

 
C. Reporting 
 

The Regional Water Board initial notification shall be followed by: 
 

a. As soon as possible, but not later than twenty four (24) hours after 
becoming aware of an unauthorized discharge of sewage or other waste from 
its wastewater treatment plant to a water of the state, the discharger shall 
submit a statement to the Regional Water Quality Control Board by email at 
aanijielo@waterboards.ca.gov .  If the discharge is 1,000 gallons or more, this 
statement shall certify that Cal EMA has been notified of the discharge in 
accordance with Water Code section 13271.  The statement shall also certify 
that the local health officer or director of environmental health with jurisdiction 
over the affected water bodies has been notified of the discharge in 
accordance with Health and Safety Code section 5411.5.  The statement shall 
also include at a minimum the following information: 

 
(i) Agency, NPDES No., Order No., and MRP CI No., if applicable. 
 
 
(ii) The location, date, and time of the discharge. 
 
(iii) The water body that received the discharge. 
 
(iv) A description of the level of treatment of the sewage or other waste 

discharged. 
 
(v) An initial estimate of the amount of sewage or other waste released and 

the amount that reached a surface water. 
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(vi) The Cal EMA control number and the date and time that notification of the 

incident was provided to Cal EMA. 
 
(vii) The name of the local health officer or director of environmental health 

representative notified (if contacted directly); the date and time of 
notification; and the method of notification (e.g., phone, fax, email).  

 
b. A written preliminary report five working days after disclosure of the incident 

(submission to the Regional Water Board of the California Integrated Water 
Quality System (CIWQS) Sanitary Sewer Overflow (SSO) event number shall 
satisfy this requirement).  Within 30 days after submitting the preliminary 
report, the Discharger shall submit the final written report to this Regional 
Water Board. (A copy of the final written report, for a given incident, already 
submitted pursuant to a Statewide General Waste Discharge Requirements 
for Wastewater Collection System Agencies, may be submitted to the 
Regional Water Board to satisfy this requirement.) The written report shall 
document the information required in paragraph D. below, monitoring results 
and any other information required in provisions of the Standard Provisions 
document including corrective measures implemented or proposed to be 
implemented to prevent/minimize future occurrences. The Executive Officer 
for just cause can grant an extension for submittal of the final written report. 

 
c. The Discharger shall include a certification in the annual summary report (due 

according to the schedule in the Monitoring and Reporting Program) stating 
that the sewer system emergency equipment, including alarm systems, 
backup pumps, standby power generators, and other critical emergency 
pump station components were maintained and tested in accordance with the 
Discharger’s Preventative Maintenance Plan. Any deviations from or 
modifications to the Plan shall be discussed. 

 
D. Records 
 

The Discharger shall develop and maintain a record of all spills, overflows or 
bypasses of raw or partially treated sewage from its collection system or 
treatment plant. This record shall be made available to the Regional Water Board 
upon request and a spill summary shall be included in the annual summary 
report. The records shall contain: 

 
a. the date and time of each spill, overflow or bypass; 
b. the location of each spill, overflow or bypass; 
c. the estimated volume of each spill, overflow or bypass including gross 

volume, amount recovered and amount not recovered, monitoring results as 
required by Section VI.C.6.B; 

d. the cause of each spill, overflow or bypass; 
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e. whether each spill, overflow or bypass entered a receiving water and, if so, 
the name of the water body and whether it entered via storm drains or other 
man-made conveyances; 

f. mitigation measures implemented; and, 
g. corrective measures implemented or proposed to be implemented to 

prevent/minimize future occurrences. 
 
E. Activities Coordination 
 

In addition, Regional Water Board expects that the POTW’s owners/operators 
will coordinate their compliance activities for consistency and efficiency with other 
entities that have responsibilities to implement: (i) this NPDES permit, including 
the Pretreatment Program, (ii) a MS4 NPDES permit that may contain spill 
prevention, sewer maintenance, reporting requirements and (iii) the SSO WDR. 

 
F. Consistency with Sanitary Sewer Overflows WDRs 
 

The Clean Water Act prohibits the discharge of pollutants from point sources to 
surface waters of the United States unless authorized under an NPDES permit. 
(33 U.S.C. §§1311, 1342). The State Water Board adopted General Waste 
Discharge Requirements (WDRs) for Sanitary Sewer Systems, (WQ Order No. 
2006- 0003) on May 2, 2006, to provide a consistent, statewide regulatory 
approach to address Sanitary Sewer Overflows (SSOs). The SSOs WDR 
requires public agencies that own or operate sanitary sewer systems to develop 
and implement sewer system management plans and report all SSOs to the 
State Water Board’s online SSOs database. 

 
The requirements contained in this Order in Sections VI.C.3.b. (Spill Contingency 
Plan Section), VI.C.4. (Construction, Operation and Maintenance Specifications 
Section), and VI.C.6. (Spill Reporting Requirements) are intended to be 
consistent with the requirements of the SSOs WDR. The Regional Water Board 
recognizes that there may be some overlap between the NPDES permit 
provisions and SSOs WDR requirements. The requirements of the SSOs WDR 
are considered the minimum thresholds (see Finding 11 of WQ Order No. 2006-
0003). The Regional Water Board will accept the documentation prepared by the 
Permittees under the SSOs WDR for compliance purposes, as satisfying the 
requirements in Sections VI.C.3.b., VI.C.4., and VI.C.6. provided any more  
specific or stringent provisions enumerated in this Order, have also been 
addressed. 

 
G. Emergency Power Facilities 

 
The Discharger shall provide standby or emergency power facilities and/or 
storage capacity or other means so that in the event of plant upset or outage due 
to power failure or other cause, discharge of raw or inadequately treated sewage 
does not occur. 
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7. Compliance Schedules 

The compliance schedules and the interim limit in Section IV.A.2.a of this Order are 
authorized under TMDLs (Basin Plan Amendments) which have been adopted by 
the Regional Water Board and approved by USEPA.  However, interim limits and 
compliance schedules may be provided in an administratively issued Time Schedule 
Order if the permit effective date precedes the TMDL effective date. 
 

8. TMDL Tasks 

The discharger shall comply with the applicable TMDL-related tasks, and future 
revisions thereto, in Attachment K of this Order.  
    

VII. COMPLIANCE DETERMINATION 

Compliance with the effluent limitations contained in section IV of this Order will be 
determined as specified below: 
 

A. General. 

Compliance with effluent limitations for priority pollutants shall be determined using 
sample reporting protocols defined in the MRP and Attachment A of this Order. For 
purposes of reporting and administrative enforcement by the Regional and State Water 
Boards, the Discharger shall be deemed out of compliance with effluent limitations if the 
concentration of the priority pollutant in the monitoring sample is greater than the 
effluent limitation and greater than or equal to the reporting level (RL). 

 
B. Multiple Sample Data 

When determining compliance with a measure of central tendency (arithmetic mean, 
geometric mean, median, etc.) of multiple sample analyses and the data set contains 
one or more reported determinations of “Detected, but Not Quantified” (DNQ) or “Not 
Detected” (ND). In those cases, the Discharger shall compute the median in place of the 
arithmetic mean in accordance with the following procedure:  
 
1. The data set shall be ranked from low to high, ranking the reported ND 

determinations lowest, DNQ determinations next, followed by quantified values (if 
any). The order of the individual ND or DNQ determinations is unimportant.  

 
2. The median value of the data set shall be determined. If the data set has an odd 

number of data points, then the median is the middle value. If the data set has an 
even number of data points, then the median is the average of the two values 
around the middle unless one or both of the points are ND or DNQ, in which case 
the median value shall be the lower of the two data points where DNQ is lower than 
a value and ND is lower than DNQ. 
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C. Average Monthly Effluent Limitation (AMEL) 

If the average (or when applicable, the median determined by subsection B above for 
multiple sample data) of daily discharges over a calendar month exceeds the AMEL for 
a given parameter, this will represent a single violation, though the Discharger may be 
considered out of compliance for each day of that month for that parameter (e.g., 
resulting in 31 days of non-compliance in a 31-day month).  If only a single sample is 
taken during the calendar month and the analytical result for that sample exceeds the 
AMEL, the Discharger may be considered out of compliance for that calendar month.  
The Discharger will only be considered out of compliance for days when the discharge 
occurs.  For any one calendar month during which no sample (daily discharge) is taken, 
no compliance determination can be made for that calendar month with respect to the 
AMEL. 
 
If the analytical result of a single sample, monitored monthly, quarterly, semiannually, or 
annually, does not exceed the AMEL for a given parameter, the Discharger will have 
demonstrated compliance with the AMEL for each day of that month for that parameter. 
 
If the analytical result of any single sample, monitored monthly, quarterly, semiannually, 
or annually, exceeds the AMEL for any parameter, the Discharger shall collect up to 
four additional samples within the same calendar month.  All analytical results shall be 
reported in the monitoring report for that month.  The concentration of pollutant (an 
arithmetic mean or a median) in these samples estimated from the “Multiple Sample 
Data Reduction” Section above, will be used for compliance determination. 
 
In the event of noncompliance with an AMEL, the sampling frequency for that parameter 
shall be increased to weekly and shall continue at this level until compliance with the 
AMEL has been demonstrated. 
 

D. Average Weekly Effluent Limitation (AWEL) 

If the average of daily discharges over a calendar week exceeds the AWEL for a given 
parameter, an alleged  violation will be flagged and the discharger will be considered 
out of compliance for each day of that week for that parameter, resulting in 7 days of 
non-compliance. The average of daily discharges over the calendar week that exceeds 
the AWEL for a parameter will be considered out of compliance for that week only. If 
only a single sample is taken during the calendar week and the analytical result for that 
sample exceeds the AWEL, the discharger will be considered out of compliance for that 
calendar week. For any one calendar week during which no sample (daily discharge) is 
taken, no compliance determination can be made for that calendar week with respect to 
the AWEL.  
 
A calendar week will begin on Sunday and end on Saturday. Partial weeks consisting of 
four or more days at the end of any month will include the remaining days of the week, 
which occur in the following month in order to calculate a consecutive seven-day 
average. This value will be reported as a weekly average or seven-day average on the 
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SMR for the month containing the partial week of four or more days. Partial calendar 
weeks consisting of less than four days at the end of any month will be carried forward 
to the succeeding month and reported as a weekly average or a seven-day average for 
the calendar week that ends with the first Saturday of that month. 
 

E. Maximum Daily Effluent Limitation (MDEL) 

If a daily discharge exceeds the MDEL for a given parameter, an alleged violation will 
be flagged and the discharger will be considered out of compliance for that parameter 
for that 1 day only within the reporting period. For any 1 day during which no sample is 
taken, no compliance determination can be made for that day with respect to the MDEL. 
 

F. Instantaneous Minimum Effluent Limitation. 

If the analytical result of a single grab sample is lower than the instantaneous minimum 
effluent limitation for a parameter, a violation will be flagged and the discharger will be 
considered out of compliance for that parameter for that single sample. Non-compliance 
for each sample will be considered separately (e.g., the results of two grab samples 
taken within a calendar day that both are lower than the instantaneous minimum effluent 
limitation would result in two instances of non-compliance with the instantaneous 
minimum effluent limitation). 
 

G. Instantaneous Maximum Effluent Limitation. 

If the analytical result of a single grab sample is higher than the instantaneous 
maximum effluent limitation for a parameter, a violation will be flagged and the 
discharger will be considered out of compliance for that parameter for that single 
sample. Non-compliance for each sample will be considered separately (e.g., the results 
of two grab samples taken within a calendar day that both exceed the instantaneous 
maximum effluent limitation would result in two instances of non-compliance with the 
instantaneous maximum effluent limitation). 
 

H. Six-month Median Effluent Limitation. 

If the median of daily discharges over any 180-day period exceeds the six-month 
median effluent limitation for a given parameter, an alleged violation will be flagged and 
the discharger will be considered out of compliance for each day of that 180-day period 
for that parameter. The next assessment of compliance will occur after the next sample 
is taken. If only a single sample is taken during a given 180-day period and the 
analytical result for that sample exceeds the six-month median, the discharger will be 
considered out of compliance for the 180-day period. For any 180-period during which 
no sample is taken, no compliance determination can be made for the six-month 
median effluent limitation. 
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I. Percent Removal 

The average monthly percent removal is the removal efficiency expressed in 
percentage across a treatment plant for a given pollutant parameter, as determined 
from the 30-day average values of pollutant concentrations (C in mg/L) of influent and 
effluent samples collected at about the same time using the following equation: 
Percent Removal (%) = [1-(CEffluent/ CInfluent)] x 100 % 
When preferred, the Discharger may substitute mass loadings and mass emissions for 
the concentrations. 
 

J. Mass and Concentration Limitations 

Compliance with mass and concentration effluent limitations for the same parameter 
shall be determined separately with their respective limitations. When the concentration 
of a constituent in an effluent sample is determined to be ND or DNQ, the 
corresponding mass emission rate determined from that sample concentration shall also 
be reported as ND or DNQ. 
 

K. Compliance with single constituent effluent limitations 

Dischargers are out of compliance with the effluent limitation if the concentration of the 
pollutant (see Section B “Multiple Sample Data Reduction” above) in the monitoring 
sample is greater than the effluent limitation and greater than or equal to the RML. 
 

L. Compliance with effluent limitations expresses as sum of several constituents 

Dischargers are out of compliance with an effluent limitation which applies to the sum of 
a group of chemicals (e.g., PCB’s) if the sum of the individual pollutant concentrations is 
greater than the effluent limitation. Individual pollutants of the group will be considered 
to have a concentration of zero if the constituent is reported as ND or DNQ. 
 

M. Mass Emission Rate 

The mass emission rate shall be obtained from the following calculation for any 
calendar day: 

 N 

Mass emission rate (lb/day) =  8.34  � QiCi 
 N i=1 
 

  N 

Mass emission rate (kg/day) =  3.79  � QiCi 
  N i=1 
 

in which 'N' is the number of samples analyzed in any calendar day. 'Qi' and 'Ci' are the 
flow rate (MGD) and the constituent concentration (mg/L), respectively, which are 
associated with each of the 'N' grab samples, which may be taken in any calendar day. 
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If a composite sample is taken, 'Ci' is the concentration measured in the composite 
sample and 'Qi' is the average flow rate occurring during the period over which samples 
are composited. 

 

The daily concentration of all constituents shall be determined from the flow-weighted 
average of the same constituents in the combined waste streams as follows: 

  N 

Daily concentration =  1    � QiCi 
 Qt i=1 

in which 'N' is the number of component waste streams. 'Qi' and 'Ci' are the flow rate 
(MGD) and the constituent concentration (mg/L), respectively, which are associated with 
each of the 'N' waste streams. 'Qt' is the total flow rate of the combined waste streams. 
 

N. Bacterial Standards and Analysis 

1. The geometric mean used for determining compliance with bacterial standards is 
calculated with the following equation: 

 
 Geometric Mean = (C1 x C2 x … x Cn)1/n 

 
where n is the number of days samples were collected during the period and C is the 
concentration of bacteria (MPN/100 mL or CFU/100 mL) found on each day of 
sampling.  
 

2. For bacterial analyses, sample dilutions should be performed so the expected range 
of values is bracketed (for example, with multiple tube fermentation method or 
membrane filtration method, 2 to 16,000 per 100 ml for total and fecal coliform, at a 
minimum, and 1 to 1000 per 100 ml for enterococcus). The detection methods used 
for each analysis shall be reported with the results of the analyses. 

 
3. Detection methods used for coliforms (total and fecal) shall be those presented in 

Table 1A of 40 C.F.R. part 136 (revised March 12, 2007), unless alternate methods 
have been approved by USEPA pursuant to 40 C.F.R.  part 136, or improved 
methods have been determined by the Executive Officer and/or USEPA. 

 
4. Detection methods used for enterococcus shall be those presented in the USEPA 

publication EPA 600/4-85/076, Test Methods for Escherichia coli and Enterococci in 
Water By Membrane Filter Procedure or any improved method determined by the 
Executive Officer and/or USEPA to be appropriate. 

 
O. Single Operational Upset 

A single operational upset (SOU) that leads to simultaneous violations of more than one 
pollutant  parameter shall be treated as a single violation and limits the Discharger’s 
liability in accordance with the following conditions: 
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1. A single operational upset is broadly defined as a single unusual event that 
temporarily disrupts the usually satisfactory operation of a system in such a way that 
it results in violation of multiple pollutant parameters. 

 
2. A Discharger may assert SOU to limit liability only for those violations which the 

Discharger submitted notice of the upset as required in Provision V.E.2(b) of 
Attachment D – Standard Provisions. 

 
3. For purpose outside of California Water Code section 13385, subsections (h) and (i), 

determination of compliance and civil liability (including any more specific definition 
of SOU, the requirements for Dischargers to assert the SOU limitation of liability, and 
the manner of counting violations) shall be in accordance with USEPA Memorandum 
“Issuance of Guidance Interpreting Single Operational Upset” (September 27, 1989). 

 
4. For purpose of California Water Code section 13385, subsections (h) and (i), 

determination of compliance and civil liability (including any more specific definition 
of SOU, the requirements for Dischargers to assert the SOU limitation of liability, and 
the manner of counting violations) shall be in accordance with CWC Section 13385 
(f)(2). 
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A.  
ATTACHMENT A – DEFINITIONS 
 
Arithmetic Mean (µµµµ) 
Also called the average, is the sum of measured values divided by the number of samples.  
For ambient water concentrations, the arithmetic mean is calculated as follows: 

 Arithmetic mean = µ = Σx / n  where:   Σx is the sum of the measured ambient water 
concentrations, and n is the number of 
samples. 

 
Average Monthly Effluent Limitation (AMEL) 
The highest allowable average of daily discharges over a calendar month, calculated as the 
sum of all daily discharges measured during a calendar month divided by the number of daily 
discharges measured during that month. 

Average Weekly Effluent Limitation (AWEL) 
The highest allowable average of daily discharges over a calendar week (Sunday through 
Saturday), calculated as the sum of all daily discharges measured during a calendar week 
divided by the number of daily discharges measured during that week. 

Bioaccumulative 
Those substances taken up by an organism from its surrounding medium through gill 
membranes, epithelial tissue, or from food and subsequently concentrated and retained in the 
body of the organism. 

Carcinogenic 
Pollutants are substances that are known to cause cancer in living organisms. 

Coefficient of Variation (CV) 
CV is a measure of the data variability and is calculated as the estimated standard deviation 
divided by the arithmetic mean of the observed values. 

Daily Discharge 
Daily Discharge is defined as either: (1) the total mass of the constituent discharged over the 
calendar day (12:00 am through 11:59 pm) or any 24-hour period that reasonably represents a 
calendar day for purposes of sampling (as specified in the permit), for a constituent with 
limitations expressed in units of mass or; (2) the unweighted arithmetic mean measurement of 
the constituent over the day for a constituent with limitations expressed in other units of 
measurement (e.g., concentration).  

The daily discharge may be determined by the analytical results of a composite sample taken 
over the course of one day (a calendar day or other 24-hour period defined as a day) or by the 
arithmetic mean of analytical results from one or more grab samples taken over the course of 
the day. 
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For composite sampling, if 1 day is defined as a 24-hour period other than a calendar day, the 
analytical result for the 24-hour period will be considered as the result for the calendar day in 
which the 24-hour period ends. 

Detected, but Not Quantified (DNQ) 
DNQ are those sample results less than the RL, but greater than or equal to the laboratory’s 
MDL. 

Dilution Credit 
Dilution Credit is the amount of dilution granted to a discharge in the calculation of a water 
quality-based effluent limitation, based on the allowance of a specified mixing zone.  It is 
calculated from the dilution ratio or determined through conducting a mixing zone study or 
modeling of the discharge and receiving water. 

Effluent Concentration Allowance (ECA) 
ECA is a value derived from the water quality criterion/objective, dilution credit, and ambient 
background concentration that is used, in conjunction with the coefficient of variation for the 
effluent monitoring data, to calculate a long-term average (LTA) discharge concentration.  The 
ECA has the same meaning as waste load allocation (WLA) as used in USEPA guidance 
(Technical Support Document For Water Quality-based Toxics Control, March 1991, second 
printing, EPA/505/2-90-001). 

Enclosed Bays 
Enclosed Bays means indentations along the coast that enclose an area of oceanic water 
within distinct headlands or harbor works.  Enclosed bays include all bays where the narrowest 
distance between the headlands or outermost harbor works is less than 75 percent of the 
greatest dimension of the enclosed portion of the bay.  Enclosed bays include, but are not 
limited to, Humboldt Bay, Bodega Harbor, Tomales Bay, Drake’s Estero, San Francisco Bay, 
Morro Bay, Los Angeles-Long Beach Harbor, Upper and Lower Newport Bay, Mission Bay, 
and San Diego Bay.  Enclosed bays do not include inland surface waters or ocean waters. 

Estimated Chemical Concentration 
The estimated chemical concentration that results from the confirmed detection of the 
substance by the analytical method below the ML value. 

Estuaries 
Estuaries means waters, including coastal lagoons, located at the mouths of streams that 
serve as areas of mixing for fresh and ocean waters.  Coastal lagoons and mouths of streams 
that are temporarily separated from the ocean by sandbars shall be considered estuaries.  
Estuarine waters shall be considered to extend from a bay or the open ocean to a point 
upstream where there is no significant mixing of fresh water and seawater.  Estuarine waters 
included, but are not limited to, the Sacramento-San Joaquin Delta, as defined in California 
Water Code section 12220, Suisun Bay, Carquinez Strait downstream to the Carquinez Bridge, 
and appropriate areas of the Smith, Mad, Eel, Noyo, Russian, Klamath, San Diego, and Otay 
rivers.  Estuaries do not include inland surface waters or ocean waters. 

Inland Surface Waters 
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All surface waters of the State that do not include the ocean, enclosed bays, or estuaries. 

Instantaneous Maximum Effluent Limitation 
The highest allowable value for any single grab sample or aliquot (i.e., each grab sample or 
aliquot is independently compared to the instantaneous maximum limitation). 

Instantaneous Minimum Effluent Limitation 
The lowest allowable value for any single grab sample or aliquot (i.e., each grab sample or 
aliquot is independently compared to the instantaneous minimum limitation). 

Maximum Daily Effluent Limitation (MDEL) 
The highest allowable daily discharge of a pollutant, over a calendar day (or 24-hour period).  
For pollutants with limitations expressed in units of mass, the daily discharge is calculated as 
the total mass of the pollutant discharged over the day.  For pollutants with limitations 
expressed in other units of measurement, the daily discharge is calculated as the arithmetic 
mean measurement of the pollutant over the day. 

Median 
The middle measurement in a set of data.  The median of a set of data is found by first 
arranging the measurements in order of magnitude (either increasing or decreasing order). If 
the number of measurements (n) is odd, then the median = X(n+1)/2.  If n is even, then the 
median = (Xn/2 + X(n/2)+1)/2 (i.e., the midpoint between the n/2 and n/2+1). 

Method Detection Limit (MDL) 
MDL is the minimum concentration of a substance that can be measured and reported with 99 
percent confidence that the analyte concentration is greater than zero, as defined in title 40 of 
the Code of Federal Regulations, Part 136, Attachment B, revised as of July 3, 1999. 

Minimum Level (ML) 
ML is the concentration at which the entire analytical system must give a recognizable signal 
and acceptable calibration point.  The ML is the concentration in a sample that is equivalent to 
the concentration of the lowest calibration standard analyzed by a specific analytical 
procedure, assuming that all the method specified sample weights, volumes, and processing 
steps have been followed. 

Mixing Zone 
Mixing Zone is a limited volume of receiving water that is allocated for mixing with a 
wastewater discharge where water quality criteria can be exceeded without causing adverse 
effects to the overall water body. 

Not Detected (ND) 
Sample results which are less than the laboratory’s MDL. 

Ocean Waters 
The territorial marine waters of the State as defined by California law to the extent these 
waters are outside of enclosed bays, estuaries, and coastal lagoons.  Discharges to ocean 
waters are regulated in accordance with the State Water Board’s California Ocean Plan. 



Santa Clarita Valley Sanitation District of Los Angeles County ORDER NO. R4-2009-0074  
Valencia Water Reclamation Plant NPDES NO. CA0054216 
 
 

 
Attachment A – Definitions (Tentative Version 02/25/09, A-4 
Revised: 04/07/09, 04/20/09, 5/14/09, & 6/4/09)   

Persistent Pollutants 
Persistent pollutants are substances for which degradation or decomposition in the 
environment is nonexistent or very slow. 

 

Pollutant Minimization Program (PMP) 
PMP means waste minimization and pollution prevention actions that include, but are not 
limited to, product substitution, waste stream recycling, alternative waste management 
methods, and education of the public and businesses.  The goal of the PMP shall be to reduce 
all potential sources of a priority pollutant(s) through pollutant minimization (control) strategies, 
including pollution prevention measures as appropriate, to maintain the effluent concentration 
at or below the water quality-based effluent limitation.  Pollution prevention measures may be 
particularly appropriate for persistent bioaccumulative priority pollutants where there is 
evidence that beneficial uses are being impacted.  The Regional Water Board may consider 
cost effectiveness when establishing the requirements of a PMP.  The completion and 
implementation of a Pollution Prevention Plan, if required pursuant to California Water Code 
section 13263.3(d), shall be considered to fulfill the PMP requirements.  

Pollution Prevention 
Pollution Prevention means any action that causes a net reduction in the use or generation of 
a hazardous substance or other pollutant that is discharged into water and includes, but is not 
limited to, input change, operational improvement, production process change, and product 
reformulation (as defined in California Water Code section 13263.3).  Pollution prevention does 
not include actions that merely shift a pollutant in wastewater from one environmental medium 
to another environmental medium, unless clear environmental benefits of such an approach 
are identified to the satisfaction of the State or Regional Water Board. 

Reporting Level (RL) 
RL is the ML (and its associated analytical method) chosen by the Discharger for reporting and 
compliance determination from the MLs included in this Order.  The MLs included in this Order 
correspond to approved analytical methods for reporting a sample result that are selected by 
the Regional Water Board either from Appendix 4 of the SIP in accordance with section 2.4.2 
of the SIP or established in accordance with section 2.4.3 of the SIP.  The ML is based on the 
proper application of method-based analytical procedures for sample preparation and the 
absence of any matrix interferences. Other factors may be applied to the ML depending on the 
specific sample preparation steps employed.  For example, the treatment typically applied in 
cases where there are matrix-effects is to dilute the sample or sample aliquot by a factor of 
ten.  In such cases, this additional factor must be applied to the ML in the computation of the 
RL.   

Satellite Collection System 
The portion, if any, of a sanitary sewer system owned or operated by a different public agency 
than the agency that owns and operates the wastewater treatment facility that a sanitary sewer 
system is tributary to. 

Source of Drinking Water 
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Any water designated as municipal or domestic supply (MUN) in a Regional Water Board 
Basin Plan. 

Standard Deviation (σσσσ) 
Standard Deviation is a measure of variability that is calculated as follows: 

    σ = (�[(x - µ)2]/(n – 1))0.5 
where: 
x is the observed value; 
µ is the arithmetic mean of the observed values; and 
n is the number of samples. 

 
Toxicity Reduction Evaluation (TRE) 
TRE is a study conducted in a step-wise process designed to identify the causative agents of 
effluent or ambient toxicity, isolate the sources of toxicity, evaluate the effectiveness of toxicity 
control options, and then confirm the reduction in toxicity.  The first steps of the TRE consist of 
the collection of data relevant to the toxicity, including additional toxicity testing, and an 
evaluation of facility operations and maintenance practices, and best management practices.  
A Toxicity Identification Evaluation (TIE) may be required as part of the TRE, if appropriate.  (A 
TIE is a set of procedures to identify the specific chemical(s) responsible for toxicity.  These 
procedures are performed in three phases (characterization, identification, and confirmation) 
using aquatic organism toxicity tests.) 



Santa Clarita Valley Sanitation District of Los Angeles County ORDER NO. R4-2009-0074  
Valencia Water Reclamation Plant NPDES NO. CA0054216 
 

 
Attachment B –Map (Tentative Version 02/25/09, B-1 
Revised: 04/07/09, 04/20/09, 5/14/09, & 6/4/09) 

B.  
ATTACHMENT B – MAP 
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C.  
ATTACHMENT C – FLOW SCHEMATIC 
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D.  
ATTACHMENT D – STANDARD PROVISIONS 
 
I. STANDARD PROVISIONS – PERMIT COMPLIANCE 

A. Duty to Comply 

1. The Discharger must comply with all of the conditions of this Order. Any 
noncompliance constitutes a violation of the Clean Water Act (CWA) and the 
California Water Code and is grounds for enforcement action, for permit termination, 
revocation and reissuance, or modification; or denial of a permit renewal application.  
(40 C.F.R. § 122.41(a).) 

2. The Discharger shall comply with effluent standards or prohibitions established 
under Section 307(a) of the CWA for toxic pollutants and with standards for sewage 
sludge use or disposal established under Section 405(d) of the CWA within the time 
provided in the regulations that establish these standards or prohibitions, even if this 
Order has not yet been modified to incorporate the requirement.  (40 C.F.R. § 
122.41(a)(1).) 

B. Need to Halt or Reduce Activity Not a Defense 

It shall not be a defense for a Discharger in an enforcement action that it would have 
been necessary to halt or reduce the permitted activity in order to maintain compliance 
with the conditions of this Order.  (40 C.F.R. § 122.41(c).)  

C. Duty to Mitigate  

The Discharger shall take all reasonable steps to minimize or prevent any discharge or 
sludge use or disposal in violation of this Order that has a reasonable likelihood of 
adversely affecting human health or the environment.  (40 C.F.R. § 122.41(d).)  

D. Proper Operation and Maintenance  

The Discharger shall at all times properly operate and maintain all facilities and systems 
of treatment and control (and related appurtenances) which are installed or used by the 
Discharger to achieve compliance with the conditions of this Order.  Proper operation 
and maintenance also includes adequate laboratory controls and appropriate quality 
assurance procedures.  This provision requires the operation of backup or auxiliary 
facilities or similar systems that are installed by a Discharger only when necessary to 
achieve compliance with the conditions of this Order.  (40 C.F.R. § 122.41(e).) 

E. Property Rights  

1. This Order does not convey any property rights of any sort or any exclusive 
privileges.  (40 C.F.R. § 122.41(g).) 
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2. The issuance of this Order does not authorize any injury to persons or property or 
invasion of other private rights, or any infringement of state or local law or 
regulations.  (40 C.F.R. §  122.5(c).) 

F. Inspection and Entry  

The Discharger shall allow the Regional Water Board, State Water Board, United States 
Environmental Protection Agency (USEPA), and/or their authorized representatives 
(including an authorized contractor acting as their representative), upon the 
presentation of credentials and other documents, as may be required by law, to (40 
C.F.R. § 122.41(i); Cal. Wat. Code, § 13383): 

1. Enter upon the Discharger's premises where a regulated facility or activity is located 
or conducted, or where records are kept under the conditions of this Order (40 
C.F.R. § 122.41(i)(1)); 

2. Have access to and copy, at reasonable times, any records that must be kept under 
the conditions of this Order (40 C.F.R. § 122.41(i)(2)); 

3. Inspect and photograph, at reasonable times, any facilities, equipment (including 
monitoring and control equipment), practices, or operations regulated or required 
under this Order (40 C.F.R. § 122.41(i)(3)); and 

4. Sample or monitor, at reasonable times, for the purposes of assuring Order 
compliance or as otherwise authorized by the CWA or the California Water Code, 
any substances or parameters at any location.  (40 C.F.R. § 122.41(i)(4).) 

G. Bypass 

1. Definitions 

a. “Bypass” means the intentional diversion of waste streams from any portion of a 
treatment facility.  (40 C.F.R. § 122.41(m)(1)(i).) 

b. “Severe property damage” means substantial physical damage to property, 
damage to the treatment facilities, which causes them to become inoperable, or 
substantial and permanent loss of natural resources that can reasonably be 
expected to occur in the absence of a bypass.  Severe property damage does 
not mean economic loss caused by delays in production.  (40 C.F.R. § 
122.41(m)(1)(ii).) 

2. Bypass not exceeding limitations.  The Discharger may allow any bypass to occur 
which does not cause exceedances of effluent limitations, but only if it is for essential 
maintenance to assure efficient operation.  These bypasses are not subject to the 
provisions listed in Standard Provisions – Permit Compliance I.G.3, I.G.4, and I.G.5 
below.  (40 C.F.R. § 122.41(m)(2).) 
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3. Prohibition of bypass.  Bypass is prohibited, and the Regional Water Board may take 
enforcement action against a Discharger for bypass, unless (40 C.F.R. § 
122.41(m)(4)(i)): 

a. Bypass was unavoidable to prevent loss of life, personal injury, or severe 
property damage (40 C.F.R. § 122.41(m)(4)(i)(A)); 

b. There were no feasible alternatives to the bypass, such as the use of auxiliary 
treatment facilities, retention of untreated wastes, or maintenance during normal 
periods of equipment downtime.  This condition is not satisfied if adequate 
back-up equipment should have been installed in the exercise of reasonable 
engineering judgment to prevent a bypass that occurred during normal periods of 
equipment downtime or preventive maintenance (40 C.F.R. § 122.41(m)(4)(i)(B)); 
and 

c. The Discharger submitted notice to the Regional Water Board as required under 
Standard Provisions – Permit Compliance I.G.5 below.  (40 C.F.R. § 
122.41(m)(4)(i)(C).) 

4. The Regional Water Board may approve an anticipated bypass, after considering its 
adverse effects, if the Regional Water Board determines that it will meet the three 
conditions listed in Standard Provisions – Permit Compliance I.G.3 above.  (40 
C.F.R. § 122.41(m)(4)(ii).) 

5. Notice 

a. Anticipated bypass.  If the Discharger knows in advance of the need for a 
bypass, it shall submit a notice, if possible at least 10 days before the date of the 
bypass.  (40 C.F.R. § 122.41(m)(3)(i).) 

b. Unanticipated bypass.  The Discharger shall submit notice of an unanticipated 
bypass as required in Standard Provisions - Reporting V.E below (24-hour 
notice).  (40 C.F.R. § 122.41(m)(3)(ii).) 

H. Upset 

Upset means an exceptional incident in which there is unintentional and temporary 
noncompliance with technology based permit effluent limitations because of factors 
beyond the reasonable control of the Discharger.  An upset does not include 
noncompliance to the extent caused by operational error, improperly designed 
treatment facilities, inadequate treatment facilities, lack of preventive maintenance, or 
careless or improper operation.  (40 C.F.R. § 122.41(n)(1).) 
 

1. Effect of an upset.  An upset constitutes an affirmative defense to an action brought 
for noncompliance with such technology based permit effluent limitations if the 
requirements of Standard Provisions – Permit Compliance I.H.2 below are met.  No 



Santa Clarita Valley Sanitation District of Los Angeles County ORDER NO. R4-2009-0074  
Valencia Water Reclamation Plant NPDES NO. CA0054216 
 
 

 
Attachment D – Standard Provisions (Tentative Version 02/25/09, D-4 
Revised: 04/07/09, 04/20/09, 5/14/09, and 6/4/09) 

determination made during administrative review of claims that noncompliance was 
caused by upset, and before an action for noncompliance, is final administrative 
action subject to judicial review.  (40 C.F.R. § 122.41(n)(2).) 

2. Conditions necessary for a demonstration of upset.  A Discharger who wishes to 
establish the affirmative defense of upset shall demonstrate, through properly 
signed, contemporaneous operating logs or other relevant evidence that (40 C.F.R. 
§ 122.41(n)(3)): 

a. An upset occurred and that the Discharger can identify the cause(s) of the upset 
(40 C.F.R. § 122.41(n)(3)(i)); 

b. The permitted facility was, at the time, being properly operated (40 C.F.R. § 
122.41(n)(3)(ii)); 

c. The Discharger submitted notice of the upset as required in Standard Provisions 
– Reporting V.E.2.b below (24-hour notice) (40 C.F.R. § 122.41(n)(3)(iii)); and 

d. The Discharger complied with any remedial measures required under  
Standard Provisions – Permit Compliance I.C above.  (40 C.F.R. § 
122.41(n)(3)(iv).) 

3. Burden of proof.  In any enforcement proceeding, the Discharger seeking to 
establish the occurrence of an upset has the burden of proof.  (40 C.F.R. § 
122.41(n)(4).) 

II. STANDARD PROVISIONS – PERMIT ACTION 

A. General 

This Order may be modified, revoked and reissued, or terminated for cause.  The filing 
of a request by the Discharger for modification, revocation and reissuance, or 
termination, or a notification of planned changes or anticipated noncompliance does not 
stay any Order condition. (40 C.F.R. § 122.41(f).) 

B. Duty to Reapply 

If the Discharger wishes to continue an activity regulated by this Order after the 
expiration date of this Order, the Discharger must apply for and obtain a new permit.  
(40 C.F.R. § 122.41(b).) 

C. Transfers 

This Order is not transferable to any person except after notice to the Regional Water 
Board.  The Regional Water Board may require modification or revocation and 
reissuance of the Order to change the name of the Discharger and incorporate such 
other requirements as may be necessary under the CWA and the California Water 
Code.  (40 C.F.R. §§ 122.41(l)(3), 122.61.) 
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III. STANDARD PROVISIONS – MONITORING 

A. Samples and measurements taken for the purpose of monitoring shall be representative 
of the monitored activity.  (40 C.F.R. § 122.41(j)(1).) 

B. Monitoring results must be conducted according to test procedures under Part 136 or, in 
the case of sludge use or disposal, approved under Part 136 unless otherwise specified 
in Part 503 unless other test procedures have been specified in this Order.  (40 C.F.R. 
§§ 122.41(j)(4), 122.44(i)(1)(iv).) 

IV. STANDARD PROVISIONS – RECORDS 

A. Except for records of monitoring information required by this Order related to the 
Discharger's sewage sludge use and disposal activities, which shall be retained for a 
period of at least five years (or longer as required by Part 503), the Discharger shall 
retain records of all monitoring information, including all calibration and maintenance 
records and all original strip chart recordings for continuous monitoring instrumentation, 
copies of all reports required by this Order, and records of all data used to complete the 
application for this Order, for a period of at least three (3) years from the date of the 
sample, measurement, report or application.  This period may be extended by request 
of the Regional Water Board Executive Officer at any time.  (40 C.F.R. § 122.41(j)(2).) 

B. Records of monitoring information shall include: 

1. The date, exact place, and time of sampling or measurements (40 C.F.R. § 
122.41(j)(3)(i)); 

2. The individual(s) who performed the sampling or measurements (40 C.F.R. § 
122.41(j)(3)(ii)); 

3. The date(s) analyses were performed (40 C.F.R. § 122.41(j)(3)(iii)); 

4. The individual(s) who performed the analyses (40 C.F.R. § 122.41(j)(3)(iv)); 

5. The analytical techniques or methods used (40 C.F.R. § 122.41(j)(3)(v)); and 

6. The results of such analyses.  (40 C.F.R. § 122.41(j)(3)(vi).) 

C. Claims of confidentiality for the following information will be denied (40 C.F.R. § 
122.7(b)): 

1. The name and address of any permit applicant or Discharger (40 C.F.R. § 
122.7(b)(1)); and 

2. Permit applications and attachments, permits and effluent data.  (40 C.F.R. § 
122.7(b)(2).) 
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V. STANDARD PROVISIONS – REPORTING 

A. Duty to Provide Information 

The Discharger shall furnish to the Regional Water Board, State Water Board, or 
USEPA within a reasonable time, any information which the Regional Water Board, 
State Water Board, or USEPA may request to determine whether cause exists for 
modifying, revoking and reissuing, or terminating this Order or to determine compliance 
with this Order.  Upon request, the Discharger shall also furnish to the Regional Water 
Board, State Water Board, or USEPA copies of records required to be kept by this 
Order.  (40 C.F.R. § 122.41(h); Cal. Wat. Code, § 13267.) 

B. Signatory and Certification Requirements 

1. All applications, reports, or information submitted to the Regional Water Board, State 
Water Board, and/or USEPA shall be signed and certified in accordance with 
Standard Provisions – Reporting V.B.2, V.B.3, V.B.4, and V.B.5 below.  (40 C.F.R. § 
122.41(k).) 

2. All permit applications shall be signed by either a principal executive officer or 
ranking elected official.  For purposes of this provision, a principal executive officer 
of a federal agency includes: (i) the chief executive officer of the agency, or (ii) a 
senior executive officer having responsibility for the overall operations of a principal 
geographic unit of the agency (e.g., Regional Administrators of USEPA).  (40 C.F.R. 
§ 122.22(a)(3).). 

3. All reports required by this Order and other information requested by the Regional 
Water Board, State Water Board, or USEPA shall be signed by a person described 
in Standard Provisions – Reporting V.B.2 above, or by a duly authorized 
representative of that person.  A person is a duly authorized representative only if: 

a. The authorization is made in writing by a person described in Standard 
Provisions – Reporting V.B.2 above (40 C.F.R. § 122.22(b)(1)); 

b. The authorization specifies either an individual or a position having responsibility 
for the overall operation of the regulated facility or activity such as the position of 
plant manager, operator of a well or a well field, superintendent, position of 
equivalent responsibility, or an individual or position having overall responsibility 
for environmental matters for the company.  (A duly authorized representative 
may thus be either a named individual or any individual occupying a named 
position.) (40 C.F.R. § 122.22(b)(2)); and 

c. The written authorization is submitted to the Regional Water Board and State 
Water Board.  (40 C.F.R. § 122.22(b)(3).) 
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4. If an authorization under Standard Provisions – Reporting V.B.3 above is no longer 
accurate because a different individual or position has responsibility for the overall 
operation of the facility, a new authorization satisfying the requirements of Standard 
Provisions – Reporting V.B.3 above must be submitted to the Regional Water Board 
and State Water Board prior to or together with any reports, information, or 
applications, to be signed by an authorized representative.  (40 C.F.R. § 122.22(c)) 

5. Any person signing a document under Standard Provisions – Reporting V.B.2 or 
V.B.3 above shall make the following certification: 
 
“I certify under penalty of law that this document and all attachments were prepared 
under my direction or supervision in accordance with a system designed to assure 
that qualified personnel properly gather and evaluate the information submitted.  
Based on my inquiry of the person or persons who manage the system or those 
persons directly responsible for gathering the information, the information submitted 
is, to the best of my knowledge and belief, true, accurate, and complete.  I am aware 
that there are significant penalties for submitting false information, including the 
possibility of fine and imprisonment for knowing violations.”  (40 C.F.R. § 122.22(d).) 

C. Monitoring Reports 

1. Monitoring results shall be reported at the intervals specified in the Monitoring and 
Reporting Program (Attachment E) in this Order.  (40 C.F.R. § 122.22(l)(4).) 

2. Monitoring results must be reported on a Discharge Monitoring Report (DMR) form 
or forms provided or specified by the Regional Water Board or State Water Board for 
reporting results of monitoring of sludge use or disposal practices.  (40 C.F.R. § 
122.41(l)(4)(i).) 

3. If the Discharger monitors any pollutant more frequently than required by this Order 
using test procedures approved under Part 136 or, in the case of sludge use or 
disposal, approved under Part 136 unless otherwise specified in Part 503, or as 
specified in this Order, the results of this monitoring shall be included in the 
calculation and reporting of the data submitted in the DMR or sludge reporting form 
specified by the Regional Water Board.  (40 C.F.R. § 122.41(l)(4)(ii).) 

4. Calculations for all limitations, which require averaging of measurements, shall 
utilize an arithmetic mean unless otherwise specified in this Order.  (40 C.F.R. § 
122.41(l)(4)(iii).) 

D. Compliance Schedules 

Reports of compliance or noncompliance with, or any progress reports on, interim and 
final requirements contained in any compliance schedule of this Order, shall be 
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submitted no later than 14 days following each schedule date.  (40 C.F.R. § 
122.41(l)(5).) 

E. Twenty-Four Hour Reporting 

1. The Discharger shall report to the Regional Water Board any noncompliance that 
may endanger health or the environment. Any information shall be provided orally 
within 24 hours from the time the Discharger becomes aware of the circumstances.  
A written submission shall also be provided within five (5) days of the time the 
Discharger becomes aware of the circumstances.  The written submission shall 
contain a description of the noncompliance and its cause; the period of 
noncompliance, including exact dates and times, and if the noncompliance has not 
been corrected, the anticipated time it is expected to continue; and steps taken or 
planned to reduce, eliminate, and prevent reoccurrence of the noncompliance.  (40 
C.F.R. § 122.41(l)(6)(i).) 

2. The following shall be included as information that must be reported within 24 hours 
under this paragraph (40 C.F.R. § 122.41(l)(6)(ii)): 

a. Any unanticipated bypass that exceeds any effluent limitation in this Order.  (40 
C.F.R. § 122.41(l)(6)(ii)(A).) 

b. Any upset that exceeds any effluent limitation in this Order.  (40 C.F.R. § 
122.41(l)(6)(ii)(B).) 

3. The Regional Water Board may waive the above-required written report under this 
provision on a case-by-case basis if an oral report has been received within 24 
hours.  (40 C.F.R. § 122.41(l)(6)(iii).) 

F. Planned Changes 

The Discharger shall give notice to the Regional Water Board as soon as possible of 
any planned physical alterations or additions to the permitted facility.  Notice is required 
under this provision only when (40 C.F.R. § 122.41(l)(1)): 

1. The alteration or addition to a permitted facility may meet one of the criteria for 
determining whether a facility is a new source in part 122.29(b) (40 C.F.R. § 
122.41(l)(1)(i)); or 

2. The alteration or addition could significantly change the nature or increase the 
quantity of pollutants discharged.  This notification applies to pollutants that are not 
subject to effluent limitations in this Order.  (40 C.F.R. § 122.41(l)(1)(ii).) 

3. The alteration or addition results in a significant change in the Discharger's sludge 
use or disposal practices, and such alteration, addition, or change may justify the 
application of permit conditions that are different from or absent in the existing 
permit, including notification of additional use or disposal sites not reported during 
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the permit application process or not reported pursuant to an approved land 
application plan.  (40 C.F.R.§ 122.41(l)(1)(iii).) 

G. Anticipated Noncompliance 

The Discharger shall give advance notice to the Regional Water Board or State Water 
Board of any planned changes in the permitted facility or activity that may result in 
noncompliance with General Order requirements.  (40 C.F.R. § 122.41(l)(2).) 

H. Other Noncompliance 

The Discharger shall report all instances of noncompliance not reported under Standard 
Provisions – Reporting V.C, V.D, and V.E above at the time monitoring reports are 
submitted. The reports shall contain the information listed in Standard Provision – 
Reporting V.E above.  (40 C.F.R. § 122.41(l)(7).) 

I. Other Information 

When the Discharger becomes aware that it failed to submit any relevant facts in a 
permit application, or submitted incorrect information in a permit application or in any 
report to the Regional Water Board, State Water Board, or USEPA, the Discharger shall 
promptly submit such facts or information.  (40 C.F.R. § 122.41(l)(8).) 

VI. STANDARD PROVISIONS – ENFORCEMENT 

A. The Regional Water Board is authorized to enforce the terms of this permit under 
several provisions of the California Water Code, including, but not limited to, sections 
13385, 13386, and 13387. 

VII. ADDITIONAL PROVISIONS – NOTIFICATION LEVELS 

A. Publicly-Owned Treatment Works (POTWs) 

All POTWs shall provide adequate notice to the Regional Water Board of the following 
(40 C.F.R. § 122.42(b)): 

1. Any new introduction of pollutants into the POTW from an indirect discharger that 
would be subject to sections 301 or 306 of the CWA if it were directly discharging 
those pollutants (40 C.F.R. § 122.42(b)(1)); and 

2. Any substantial change in the volume or character of pollutants being introduced into 
that POTW by a source introducing pollutants into the POTW at the time of adoption 
of the Order.  (40 C.F.R. § 122.42(b)(2).) 

3. Adequate notice shall include information on the quality and quantity of effluent 
introduced into the POTW as well as any anticipated impact of the change on the 
quantity or quality of effluent to be discharged from the POTW.  (40 C.F.R. § 
122.42(b)(3).) 
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ATTACHMENT E – MONITORING AND REPORTING PROGRAM (MRP) 

The Code of Federal Regulations, title 40, Part 122.48 requires that all NPDES permits specify 
monitoring and reporting requirements.  California Water Code sections 13267 and 13383 also 
authorize the Regional Water Board to require technical and monitoring reports.  This MRP 
establishes monitoring and reporting requirements, which implement the federal and California 
regulations. 

I. GENERAL MONITORING PROVISIONS 

A. All samples shall be representative of the waste discharge under conditions of peak 
load. Quarterly effluent analyses shall be performed during the months of January, April, 
July, and October.  Semiannual analyses shall be performed during the months of 
January and July.  Annual analyses shall be performed during the month of July (except 
for bioassessment monitoring, which will be conducted in the spring/summer; and, algal 
biomass, which will be conducted concurrently with the bioassessment monitoring).  
Biennial analyses shall be performed during the month of August.  Should there be 
instances when monitoring could not be done during these specified months, the 
Discharger must notify the Regional Water Board, state the reason why monitoring 
could not be conducted, and obtain approval from the Executive Officer for an alternate 
schedule.  Results of quarterly, semiannual, annual, and biennial analyses shall be 
reported in the third monthly monitoring report following the analysis. 

B. Pollutants shall be analyzed using the analytical methods described in 40 C.F.R. Parts 
136.3, 136.4, and 136.5 (revised March 12, 2007); or where no methods are specified for 
a given pollutant, by methods approved by this Regional Water Board or the State Water 
Board.  Laboratories analyzing effluent samples and receiving water samples shall be 
certified by the California Department of Public Health Environmental Laboratory 
Accreditation Program (ELAP) or approved by the Executive Officer and must include 
quality assurance/quality control (QA/QC) data in their reports.  A copy of the laboratory 
certification shall be provided each time a new certification and/or renewal of the 
certification is obtained from ELAP. 

C. Water/wastewater samples must be analyzed within allowable holding time limits as 
specified in 40 C.F.R., Part 136.3.  All QA/QC analyses must be run on the same dates 
that samples are actually analyzed.  The Discharger shall retain the QA/QC 
documentation in its files and make available for inspection and/or submit them when 
requested by the Regional Water Board.  Proper chain of custody procedures must be 
followed and a copy of that documentation shall be submitted with the monthly report. 

D. The Discharger shall calibrate and perform maintenance procedures on all monitoring 
instruments and to insure accuracy of measurements, or shall insure that both equipment 
activities will be conducted. 
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E. For any analyses performed for which no procedure is specified in the USEPA guidelines, 
or in the MRP, the constituent or parameter analyzed and the method or procedure used 
must be specified in the monitoring report. 

F. Each monitoring report must affirm in writing that “all analyses were conducted at a 
laboratory certified for such analyses by the Department of Public Health (formerly known 
as the Department of Health Services) or approved by the Executive Officer and in 
accordance with current USEPA guideline procedures or as specified in this MRP.” 

G. The monitoring report shall specify the USEPA analytical method used, the Method 
Detection Limit (MDL), the minimum level (ML), and the Reported Minimum Level (RML) 
for each pollutant.  The MLs are those published by the State Water Board in the Policy 
for the Implementation of Toxics Standards for Inland Surface Waters, Enclosed Bays, 
and Estuaries of California, February 9, 2005, Appendix 4.  The ML represents the 
lowest quantifiable concentration in a sample based on the proper application of all 
method-based analytical procedures and the absence of any matrix interference.  When 
all specific analytical steps are followed and after appropriate application of method 
specific factors, the ML also represents the lowest standard in the calibration curve for 
that specific analytical technique.  When there is deviation from the method analytical 
procedures, such as dilution or concentration of samples, other factors may be applied 
to the ML depending on the sample preparation.  The resulting value is the reported 
minimum level. 

H. The Discharger shall select the analytical method that provides a ML lower than the 
permit limit established for a given parameter, unless the Discharger can demonstrate that 
a particular ML is not attainable, in accordance with procedures set forth in 40 C.F.R., Part 
136, and obtains approval for a higher ML from the Executive Officer, as provided for in 
Section J below.  If the effluent limitation is lower than all the MLs in Appendix 4, SIP, the 
Discharge must select the method with the lowest ML for compliance purposes.  The 
Discharger shall include in the Annual Summary Report a list of the analytical methods 
employed for each test. 

I. The Discharger shall instruct its laboratories to establish calibration standards so that the 
ML (or its equivalent if there is differential treatment of samples relative to calibration 
standards) is the lowest calibration standard.  At no time is the Discharger to use analytical 
data derived from extrapolation beyond the lowest point of the calibration curve.  In 
accordance with section J, below, the Discharger’s laboratory may employ a calibration 
standard lower than the ML in Appendix 4 of the SIP. 

J. In accordance with Section 2.4.3 of the SIP, the Regional Water Board Executive 
Officer, in consultation with the State Water Board’s  Quality Assurance Program 
Manager, may establish an ML that is not contained in Appendix 4 of the SIP to be 
included in the discharger’s permit in any of the following situations: 

a. When the pollutant under consideration is not included in Appendix 4, SIP; 
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b. When the discharger and the Regional Water Board agree to include in the permit a 
test method that is more sensitive than those specified in 40 C.F.R., Part 136 
(revised as of March 12, 2007); 

c. When a discharger agrees to use an ML that is lower than those listed in Appendix 
4; 

d. When a discharger demonstrates that the calibration standard matrix is sufficiently 
different from that used to establish the ML in Appendix 4 and proposes an 
appropriate ML for the matrix; or, 

e. When the discharger uses a method, which quantification practices are not 
consistent with the definition of the ML.  Examples of such methods are USEPA-
approved method 1613 for dioxins, and furans, method 1624 for volatile organic 
substances, and method 1625 for semi-volatile organic substances.  In such cases, 
the discharger, the Regional Water Board, and the State Water Resources Control 
Board shall agree on a lowest quantifiable limit and that limit will substitute for the 
ML for reporting and compliance determination purposes. 

If there is any conflict between foregoing provisions and the State Implementation Policy 
(SIP), the provisions stated in the SIP (Section 2.4) shall prevail. 

K. If the Discharger samples and performs analyses (other than for process/operational 
control, startup, research, or equipment testing) on any influent, effluent, or receiving 
water constituent more frequently than required by this Program using approved 
analytical methods, the results of those analyses shall be included in the report. These 
results shall be reflected in the calculation of the average used in demonstrating 
compliance with the limitations set forth in this Order. 

L. The Discharger shall develop and maintain a record of all spills or bypasses of raw or 
partially treated sewage from its collection system or treatment plant according to the 
requirements in the WDR section of this Order.  This record shall be made available to the 
Regional Water Board upon request and a spill summary shall be included in the annual 
summary report. 

M. For all bacteriological analyses, sample dilutions should be performed so the expected 
range of values is bracketed (for example, with multiple tube fermentation method or 
membrane filtration method, 2 to 16,000 per 100 ml for total and fecal coliform, at a 
minimum, and 1 to 1000 per 100 ml for enterococcus).  The detection methods used for 
each analysis shall be reported with the results of the analyses. 

a. Detection methods used for coliforms (total and fecal) shall be those presented in 
Table 1A of 40 C.F.R., Part 136 (revised March 12, 2007), unless alternate methods 
have been approved in advance by the United State Environmental Protection Agency 
(USEPA) pursuant to 40 C.F.R. Part 136. 
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b. Detection methods used for enterococcus shall be those presented in the USEPA 
publication EPA 600/4-85/076, Test Methods for Escherichia coli and Enterococci in 
Water By Membrane Filter Procedure or any improved method determined by the 
Regional Water Board to be appropriate. 

 
N. Since compliance monitoring focuses on the effects of a point source discharge, it is not 

designed to assess impacts from other sources of pollution (e.g., non-point source run-
off, aerial fallout) or to evaluate the current status of important ecological resources on a 
regional basis. 

The District shall participate in the development of an updated comprehensive 
Watershed-wide Monitoring Program and shall develop a plan for implementation of this 
monitoring program, in conjunction with other interested stakeholders by March 31, 
2010.  The Regional Board will provide some assistance through SWAMP to achieve 
these goals, but the District and other stakeholders may need to provide financial 
assistance to hire a facilitator or conduct other activities as necessary.  To achieve the 
goals of the Watershed-wide Monitoring program, revisions to the Receiving Water 
Monitoring Requirements will be made under the direction of USEPA and the Regional 
Water Board.  The District shall submit quarterly progress reports detailing ongoing 
efforts towards the implementation of the Watershed-wide Monitoring Program.  The 
first report should be received in the Regional Water Board office by September 30, 
2009.  The District shall submit a copy of the proposed program to the Regional Water 
Board by March 31, 2010. 

 
Changes to the compliance monitoring program may be required to fulfill the goals of 
the watershed-wide monitoring program, while retaining the compliance monitoring 
component required to evaluate compliance with the NPDES permit.  Revisions to the 
Discharger’s program will be made under the direction of the Regional Water Board, as 
necessary, to accomplish the goal, and may include a reduction or increase in the 
number of parameters to be monitored, the frequency of monitoring, and/or the number 
of samples collected. 

 
Until such time when a watershed-wide monitoring program is developed, Santa Clarita 
Valley Sanitation District of Los Angeles County shall implement the monitoring program 
in the following sections. 
 



Santa Clarita Valley Sanitation District of Los Angeles County ORDER NO. R4-2009-0074  
Valencia Water Reclamation Plant NPDES NO. CA0054216 
 
 

 
Attachment E – MRP (Tentative Version 02/25/09, E-6 
Revised: 04/07/09, 04/20/09, 5/14/09, & 6/4/09) 

 
II. MONITORING LOCATIONS 

The Discharger shall establish the following monitoring locations to demonstrate 
compliance with the effluent limitations, discharge specifications, and other requirements in 
this Order: 

Table E-1. Monitoring Station Locations 
Discharge Point 

Name 
Monitoring Location 

Name 
Monitoring Location Description (include Latitude and 

Longitude when available) 
-- 

INF-001 

Sampling stations shall be established at each point of inflow to 
the sewage treatment plant and shall be located upstream of any 

in-plant return flows and where representative samples of the 
influent can be obtained. 

001 EFF-001 

The effluent sampling station shall be located downstream of any 
inplant return flows and after the final disinfection process, where 

representative samples of the effluent can be obtained. Under 
normal conditions, treated effluent is discharged through 

Discharge Point 001.   Latitude 34°25’ 49.6” and Longitude -
118°35’33.37” 

002 EFF-002 

The effluent sampling station shall be located downstream of any 
inplant return flows and after the final disinfection process, where 

representative samples of the effluent can be obtained. Under 
normal conditions, treated effluent is discharged through 

Discharge Point 002.   Latitude 34°25’ 48.27” and Longitude -
118°35’31.95” 

-- RSW-001U Santa Clara River, approximately 300 feet upstream of Discharge 
Serial No. 001 (station R-C) 

-- RSW-002D Santa Clara River, approximately 300 feet downstream of 
Discharge Serial No. 001 (station R-D) 

-- RSW-003D Santa Clara River, approximately 1.6 miles upstream of Chiquita 
Canyon Road (station R-E) 

-- RGW-001  Groundwater shall be sampled at Well No. 4N/17W-14Q3 

 
 
 
III. INFLUENT MONITORING REQUIREMENTS 

Influent monitoring is required to: 
• Determine compliance with NPDES permit conditions. 
• Assess treatment plant performance. 
• Assess effectiveness of the Pretreatment Program 

 
A. Monitoring Location INF-001 

a. The Discharger shall monitor influent to the facility at INF-001 as follows: 
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Table E-2. Influent Monitoring 

Parameter Units Sample Type Minimum Sampling 
Frequency 

Required Analytical 
Test Method 

Flow MGD recorder continuous1 2 
pH pH units grab weekly 2 

Suspended solids mg/L 24-hour composite weekly 2 
BOD5 20°C mg/L 24-hour composite weekly 2 

Chloride mg/L 24-hour composite monthly 2 

Ammonia as N mg/L 24-hour composite monthly 2 

Remaining USEPA 
Priority Pollutants3 

(excluding asbestos) 

µg/L 24-hour 
composite/ grab 

for VOCs, 
cyanide, and 
Chromium VI 

semiannually 2 

 
 
 
 
IV. EFFLUENT MONITORING REQUIREMENTS 

Effluent monitoring is required to: 
• Determine compliance with NPDES permit conditions and water quality standards. 
• Assess plant performance, identify operational problems and improve plant 

performance. 
• Provide information 
 
A. Monitoring Location EFF-001 AND EFF-002 

1. The Discharger shall monitor EFF-001 AND EFF-002 as follows.  If more than one 
analytical test method is listed for a given parameter, the Discharger must select 
from the listed methods and corresponding Minimum Level: 

                                            
1  Total daily flow and instantaneous peak daily flow (24-hr basis).  Actual monitored flow shall be reported 

(not the maximum flow, i.e., design capacity). 
 
2  Pollutants shall be analyzed using the analytical methods described in 40 C.F.R. part 136; where no 

methods are specified for a given pollutant, by methods approved by this Regional Water Board or State 
Water Resources Control Board.  For any pollutant whose effluent limitation is lower than all the minimum 
levels (MLs) specified in Attachment 4 of the SIP, the analytical method with the lowest ML must be 
selected. 

 
3  Priority pollutants are those constituents referred to in 40 C.F.R. 401.15; a list of these pollutants is provided 

as Appendix A to 40 C.F.R. 423. 
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Table E-3. Effluent Monitoring 

Parameter Units Sample Type 
Minimum 
Sampling 
Frequency 

Required 
Analytical Test 

Method and 
(Minimum Level, 

units), respectively 
Total waste flow MGD recorder continuous4 5 

Turbidity6 NTU recorder continuous4 5 

Total residual chlorine mg/L recorder continuous7  

Total residual chlorine mg/L grab daily8 5 
Total coliform 6 CFU or MPN/100 mL grab weekly 5 
Fecal coliform 6 CFU or MPN/100 mL grab weekly 5 

E.coli9, 6 CFU or MPN/100 mL grab weekly 5 
Temperature 11 °F grab weekly 5 

pH 11 pH units grab weekly 5 
Settleable solids mL/L grab weekly 5 

Suspended solids mg/L 24-hour composite weekly 5 
BOD5 20°C mg/L 24-hour composite weekly10 5 

                                            
4  Where continuous monitoring of a constituent is required, the following shall be reported: 
 
 Total waste flow – Total daily and peak daily flow (24-hr basis); 
 Turbidity – Maximum daily value, total amount of time each day the turbidity exceeded 5 NTU, flow 

proportioned average daily value. 
  
5  Pollutants shall be analyzed using the analytical methods described in 40 C.F.R. part 136; where no 

methods are specified for a given pollutant, by methods approved by this Regional Water Board or State 
Water Resources Control Board.  For any pollutant whose effluent limitation is lower than all the minimum 
levels (MLs) specified in Attachment 4 of the SIP, the analytical method with the lowest ML must be 
selected. 

 
6  Coliform and turbidity samples shall be obtained at some point in the treatment process at a time when 

wastewater flow and characteristics are most demanding on the treatment facilities, filtration, and 
disinfection procedures.  Fecal coliform testing shall be conducted only if total coliform test result is positive. 

 
7  Total residual chlorine shall be recorded continuously.  The recorded data shall be maintained by the 

Permittee for at least five years.  The Permittee shall extract the maximum daily peak, minimum daily peak, 
and average daily from the recorded media and shall be made available upon request of the Regional 
Water Board. The continuous monitoring data are not intended to be used for compliance determination 
purposes. 

 
8  Daily grab samples shall be collected at monitoring location EFF-001 and EFF-002 Monday through Friday 

only, except for holidays.  Analytical results of daily grab samples will be used to determine compliance with 
total residual chlorine effluent limitation.  Furthermore, additional monitoring requirements specified in 
section IV.A.2. shall be followed.   

   
9  E. coli testing shall be conducted only if fecal coliform testing is positive.  If the fecal coliform analysis 

results in no detection, a result of less than (<) the reporting limit for fecal coliform will be reported for E. 
coli. 

 
10  If the result of the weekly BOD analysis yields a value greater than the 30-day average limit, the frequency 

of analysis shall be increased to daily within one week of knowledge of the test result for at least 30 days 
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Parameter Units Sample Type 
Minimum 
Sampling 
Frequency 

Required 
Analytical Test 

Method and 
(Minimum Level, 

units), respectively 
Oil and Grease mg/L grab quarterly 5 

Dissolved oxygen mg/L grab monthly 5 
Total dissolved solids mg/L 24-hour composite monthly 5 

Chloride mg/L 24-hour composite monthly 5 
Sulfate mg/L 24-hour composite monthly 5 
Boron mg/L 24-hour composite monthly 5 

Fluoride mg/L 24-hour composite quarterly 5 
Ammonia nitrogen11 mg/L 24-hour composite monthly 5 
Nitrate nitrogen 11 mg/L 24-hour composite monthly 5 
Nitrite nitrogen11 mg/L 24-hour composite monthly 5 

Organic nitrogen11 mg/L 24-hour composite monthly 5 
Total kjeldahl nitrogen 

(TKN) 11 
mg/L 24-hour composite monthly 5 

Total nitrogen11 mg/L 24-hour composite monthly 5 
Surfactants (MBAS)12 mg/L 24-hour composite monthly 5 
Surfactants (CTAS)12 mg/L 24-hour composite quarterly 5 

Total hardness 
(CaCO3) 

mg/L 24-hour composite monthly 5 

Radioactivity 
(Including gross alpha, 
gross beta,  radium-226 
and radium-228, tritium, 

strontium-90 and 
uranium) 

PCi/L 24-hour composite semiannually 13 

Chronic toxicity TUc 24-hour composite monthly 5 
Acute toxicity % Survival 24-hour composite quarterly 5 

                                                                                                                                                       
and until compliance with the 7-day and 30-day average BOD limits is demonstrated; after which the 
frequency shall revert to weekly. 

 
11  Nitrate nitrogen, nitrite nitrogen, ammonia nitrogen, organic nitrogen, total kjeldahl nitrogen, pH, and 

temperature sampling shall be conducted on the same day or as close to concurrently as possible. 
 
12  MBAS is Methylene blue active substances and CTAS is cobalt thiocyanate active substances.  Reaches of 

the Santa Clara River are unlined in several reaches downstream of the points of wastewater discharge and 
are designated with the beneficial use of groundwater recharge (GWR) in the Basin Plan.  Monitoring is 
required to assess compliance with the Basin Plan Water Quality Objectives, based on the incorporation by 
reference of the MCLs contained in Title 22 of the California Code of Regulations, for the protection of the 
underlying groundwater quality with the MUN beneficial use. 

 
13  Analyze these radiochemicals by the following USEPA methods: method 900.0 for gross alpha and gross 

beta, method 903.0 or 903.1 for radium-226, method 904.0 for radium-228, method 906.0 for tritium, 
method 905.0 for strontium-90, and method 908.0 for uranium.  Analysis for Radium-226 & 228 shall be 
conducted only if gross alpha results for the same sample exceed 15 pCi/L or beta greater than 50 pCi/L.  If 
Radium-226 & 228 exceeds the stipulated criteria, analyze for Tritium, Strontium-90 and uranium. 
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Parameter Units Sample Type 
Minimum 
Sampling 
Frequency 

Required 
Analytical Test 

Method and 
(Minimum Level, 

units), respectively 
Antimony µg/L 24-hour composite semiannually 5 
Arsenic µg/L 24-hour composite monthly 5 

Beryllium µg/L 24-hour composite semiannually 5 
Cadmium µg/L 24-hour composite semiannually 5 

Chromium III µg/L calculated semiannually 5 
Chromium VI µg/L grab semiannually 5 

Total Chromium µg/L grab semiannually 5 

Copper µg/L 24-hour composite quarterly 5 
Iron µg/L 24-hour composite monthly 5 
Lead µg/L 24-hour composite semiannually 5 

Mercury µg/L 24-hour composite monthly 5 
Nickel µg/L 24-hour composite quarterly 5 

Selenium µg/L 24-hour composite monthly 5 
Silver µg/L 24-hour composite semiannually 5 

Thallium µg/L 24-hour composite semiannually 5 
Zinc µg/L 24-hour composite quarterly 5 

Cyanide µg/L grab quarterly 5 
Bis(2-

ethylhexyl)phthalate 
µg/L 24-hour composite quarterly 5 

2,3,7,8-TCDD14 µg/L 24-hour composite semiannually 5 
Bromoform µg/L grab monthly 5 

Dibromochloromethane µg/L grab monthly 5 
Chloroform µg/L grab monthly 5 

Bromodichloromethane µg/L grab monthly 5 
Total trihalomethanes15 µg/L Calculated sum monthly 5 

Polychlorinated 
biphenyls (PCBs)16 

µg/L 24-hour composite semiannually 5 

                                            
14  In accordance with the SIP, the Discharger shall conduct effluent monitoring for the seventeen 2,3,7,8-

tetrachlorodibenzo-p-dioxin (2,3,7,8-TCDD or dioxin) congeners in the effluent and in the receiving water 
Station RSW-001U, located upstream of the discharge point. The Discharger shall use the appropriate 
Toxicity Equivalence Factor (TEF) to determine Toxic Equivalence (TEQ).  Where TEQ equals the product 
between each of the 17 individual congeners’ (i) concentration analytical result (Ci) and their corresponding 
Toxicity Equivalence Factor (TEFi)., (i.e., TEQi  = Ci  x TEFi).  Compliance with the Dioxin limitation shall be 
determined by the summation of the seventeen individual TEQs, or the following equation: 

  )i)(TEF
17

1 i(C
17

1
)i(TEQ  effluent in ionconcentrat Dioxin �=�=  

 
15  Total trihalomethanes is the sum of concentrations of the trihalomethane compounds: 

bromodichloromethane, bromoform, chloroform, and dibromochloromethane. 
 
16  PCBs is the sum of Aroclor 1016, Aroclor 1221, Aroclor 1232, Aroclor 1242, Aroclor 1248, Aroclor 1254, 

and Aroclor 1260. 
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Parameter Units Sample Type 
Minimum 
Sampling 
Frequency 

Required 
Analytical Test 

Method and 
(Minimum Level, 

units), respectively 
Remaining USEPA 
Priority Pollutants17 

(excluding asbestos) 

µg/L 24-hour 
composite/grab for 

VOCs and 
Chromium VI 

semiannually 5 

Chlorpyrifos µg/L 24-hour composite semiannually 5 
Diazinon µg/L 24-hour composite semiannually 5 

Toxaphene µg/L 24-hour composite semiannually 5 
Emerging chemicals18 µg/L 24-hour composite, 

grab for 1,2,3-TCP 
and MTBE 

semiannually 18 

Endocrine disrupting 
chemicals19 

µg/L To be decided biennially Approved by 
USEPA 

Pharmaceuticals20 µg/L To be decided biennially Approved by 
USEPA 

 
2. Total Residual Chlorine Additional Monitoring 

 
Continuous monitoring of total residual chlorine at EFF-001 shall serve as an internal 
trigger for the increased grab sampling at EFF-001 or EFF-002 if either of the 
following occurs, except as noted in item c: 
 
a. Total residual chlorine concentration excursions of up to 0.3 mg/L lasting 

greater than 15 minutes; or 
 
b. Total residual chlorine concentration peaks in excess of 0.3 mg/L lasting 

greater than 1 minute. 
                                                                                                                                                       
 
17  Priority pollutants are those constituents referred to in 40 C.F.R. 401.15; a list of these pollutants is provided 

as Appendix A to 40 C.F.R. 423. 
 
18  Emerging chemicals include 1,4-dioxane (USEPA 8270c test method); perchlorate (USEPA 314 test 

method, or USEPA method 331 if a detection limit of less than 6 µg/L is achieved); 1,2,3-trichloropropane 
(1,2,3-TCP) (USEPA 504.1, 8260B test method, or USEPA 524.2 in SIM mode); and, methyl tert-butyl ether 
(USEPA 8260B test method or USEPA method 624 if a detection level of less than 5 µg/L is achieved, and 
if the Discharger received ELAP certification to run USEPA method 624).  

 
19  Endocrine disrupting chemicals include ethinyl estradiol, 17-B estradiol, estrone, bisphenol A, nonylphenol 

and nonylphenol polyethoxylate, octylphenol and octylphenol polyethoxylate, and polybrominated diphenyl 
ethers. These chemicals need to be monitored, only when the USEPA-approved analytical methods for 
these chemicals are available.  

 
20  Pharmaceuticals include acetaminophen, amoxicillin, azithromycin, caffeine, carbamazepine, ciprofloxacin, 

ethylenediamine tetra-acetic acid (EDTA), gemfibrozil, ibuprofen, iodinated contrast media, lipitor, 
methadone, morphine, salicylic acid, and triclosan. These chemicals need to be monitored, only when the 
USEPA-approved analytical methods for these chemicals are available.  
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c. Additional grab samples need not be taken if it can be demonstrated that a 
stoichiometrically appropriate amount of dechlorination chemical has been 
added to effectively dechlorinate the effluent to 0.1 mg/L or less for peaks in 
excess of 0.3 mg/L lasting more than 1 minute, but not for more than five 
minutes. 

 

V. WHOLE EFFLUENT TOXICITY TESTING REQUIREMENTS 

A. Acute Toxicity 

1. Definition of Acute Toxicity 
 

Acute toxicity is a measure of primarily lethal effects that occur over a 96-hour period.  
Acute toxicity shall be measured in percent survival measured in undiluted (100%) 
effluent. 

 
a. The average survival in the undiluted effluent for any three (3) consecutive 96-

hour static or continuous flow bioassay tests shall be at least 90%, and 
 
b. No single test shall produce less than 70% survival. 

 
2. Acute Toxicity Effluent Monitoring Program 

 
a. Method. The Discharger shall conduct acute toxicity tests on 100% effluent and 

receiving water grab samples by methods specified in 40 C.F.R. Part 136, which 
cites USEPA’s Methods for Measuring the Acute Toxicity of Effluents and 
Receiving Waters to Freshwater and Marine Organisms, October, 2002 (EPA-
821-R-02-012) or a more recent edition to ensure compliance. 

 
b. Test Species.  The fathead minnow, Pimephales promelas, shall be used as the 

test species for fresh water discharges and the topsmelt, Atherinops affinis, shall 
be used as the test species for brackish discharges. However, if the salinity of 
the receiving water is between 1 to 32 parts per thousand (ppt), the Discharger 
may have the option of using the inland silverslide, Menidia beryllina, instead of 
the topsmelt.  The method for topsmelt is found in USEPA’s Methods for 
Measuring the Acute Toxicity of Effluents and Receiving Waters to Freshwater 
and Marine Organisms, October, 2002 (EPA-821-R-02-012). 

 
c. Alternate Reporting.  In lieu of conducting the standard acute toxicity testing 

with the fathead minnow, the Discharger may elect to report the results or 
endpoint from the first 96 hours of the chronic toxicity test as the results of the 
acute toxicity test, but only if the Discharger uses USEPA’s October 2002 
protocol (EPA-821-R-02-013) and fathead minnow is used to conduct the chronic 
toxicity test. 
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d. Acute Toxicity Accelerated Monitoring.  If either of the effluent or receiving water 
toxicity requirements in Section IV.A.1.h.(i) and (ii), and Section V.A.17.c., 
respectively, of this Order is not met, the Discharger shall conduct six additional 
tests approximately every two weeks, over a twelve-week period.  The 
Discharger shall ensure that results of a failing acute toxicity test are received by 
the Discharger within 24 hours of completion of the test and the additional tests 
shall begin within 5 business days of receipt of the result.  If the additional tests 
indicate compliance with acute toxicity limitation, the Discharger may resume 
regular testing. 

 
However, if the extent of the acute toxicity of the receiving water upstream of the 
discharge is greater than the downstream and the results of the effluent acute 
toxicity test comply with acute toxicity limitation, the accelerated monitoring need 
not be implemented for the receiving water. 
 

e. Toxicity Identification Evaluation (TIE).   
 

1. If the results of any two of the six accelerated tests are less than 90% 
survival, then the Discharger shall begin a Toxicity Identification Evaluation 
(TIE). The TIE shall include all reasonable steps to identify the sources of 
toxicity.  Once the sources are identified, the Discharger shall take all 
reasonable steps to reduce toxicity to meet the objective. 

 
2. If the initial test and any of the additional six acute toxicity bioassay tests 

results are less than 70% survival, the Discharger shall immediately 
implement the Initial Investigation Toxicity Reduction Evaluation (TRE) 
Workplan. Once the sources are identified the Discharger shall take all 
reasonable steps to reduce toxicity to meet the requirements. 

 
B. Chronic Toxicity Testing 

 
1. Definition of Chronic Toxicity 
 

Chronic toxicity is a measure of adverse sub-lethal effects in plants, animals, or 
invertebrates in a long-term test.  The effects measured may include lethality or 
decreases in fertilization, growth, and reproduction. 
 

2. Chronic Toxicity Effluent Monitoring Program 
 

a. Test Methods. The Discharger shall conduct critical life stage chronic toxicity 
tests on 24-hour composite 100 % effluent samples or receiving water samples in 
accordance with USEPA’s Short Term Methods for Estimating the Chronic 
Toxicity of Effluents and Receiving Waters to Freshwater Organisms, October 
2002 (EPA-821-R-02-013) or USEPA’s Short Term Methods for Estimating the 
Chronic Toxicity of Effluents and Receiving Waters to Marine and Estuarine 
Organisms, October 2002 (EPA-821-R-02-014), or current version. 
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b. Frequency 

 
1. Screening and Monitoring.  The Discharger shall conduct the first chronic 

toxicity test screening for three consecutive months beginning from the permit 
effective date. The Discharger shall conduct short-term tests with the 
cladoceran, water flea (Ceriodaphnia dubia - survival and reproduction test), 
the fathead minnow (Pimephales promelas - larval survival and growth test), 
and the green alga (Selenastrum capricornutum  - growth test) as an initial 
screening process for a minimum of three, but not to exceed, five suites of 
tests to account for potential variability of the effluent / receiving water.  After 
this screening period, monitoring shall be conducted using the most sensitive 
species. 

 
2. Re-screening. Re-screening is required every 24 months.  The Discharger 

shall re-screen with the three species listed above and continue to monitor 
with the most sensitive species.  If the first suite of re-screening tests 
demonstrates that the same species is the most sensitive then the re-
screening does not need to include more than one suite of tests.  If a different 
species is the most sensitive or if there is uncertainty as to whether the same 
species is still the most sensitive based on the test results, then the 
Discharger shall proceed with suites of screening tests for a minimum of 
three, but not to exceed five suites. 

 
3. Regular toxicity tests - After the screening period, monitoring shall be 

conducted monthly using the most sensitive species. 
 

c. Toxicity Units. The chronic toxicity of the effluent shall be expressed and 
reported in Chronic Toxic Units, TUc, where, 

 
TUc =   100       

 NOEC  
 

The No Observable Effect Concentration (NOEC) is expressed as the maximum 
percent effluent concentration that causes no observable effect on test 
organisms, as determined by the results of a critical life stage toxicity test. 

 
3. Accelerated Monitoring 
  
 If the chronic toxicity of the effluent or the receiving water downstream the discharge 

exceeds the monthly median trigger of 1.0 TUc, the Discharger shall conduct six 
additional tests of the water source that exceeded the 1.0 TUc trigger (effluent or 
downstream receiving water), approximately every two weeks, over a 12-week 
period.  The Discharger shall ensure that they receive results of a failing chronic 
toxicity test within 24 hours of the completion of the test and the additional tests shall 
begin within 5 business days of the receipt of the result.  However, if the chronic 
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toxicity of the receiving water upstream of the discharge is greater than the 
downstream and the TUc of the effluent chronic toxicity test is less than or equal to a 
monthly median of 1 TUc trigger, then accelerated monitoring need not be 
implemented for the receiving water. 

 
a. If any three out of the initial test and the six additional tests results exceed 1.0 

TUc the Discharger shall immediately implement the Initial Investigation TRE 
workplan. Otherwise, the Discharger may return to normal sampling. 

 
b. If implementation of the initial investigation TRE workplan indicates the source of 

toxicity (e.g., a temporary plant upset, etc.), then the Discharger shall return to 
the normal sampling frequency required in Table 3 and Table 4 of this MRP. 

 
c. If all of the six additional tests required above do not exceed 1 TUc, then the 

Discharger may return to the normal sampling frequency. 
 

d. If a TRE/TIE is initiated prior to completion of the accelerated testing schedule 
required, then the accelerated testing schedule may be terminated, or used as 
necessary in performing the TRE/TIE, as determined by the Executive Officer. 

 
C. Quality Assurance 

 
1. Concurrent testing with a reference toxicant shall be conducted.  Reference toxicant 

tests shall be conducted using the same test conditions as the effluent toxicity tests 
(e.g., same test duration, etc.).  

 
2. If either the reference toxicant test or effluent test does not meet all test acceptability 

criteria (TAC) as specified in the test methods manual (EPA-821-R-02-012 and/or 
EPA-821-R-02-013), then the Discharger must re-sample and retest within 14 days. 

 
3. Control and dilution water should be receiving water or laboratory water, as 

appropriate, as described in the manual.  If the dilution water used is different from 
the culture water, a second control using culture water shall be used. 

 
D. Preparation of an Initial Investigation TRE Workplan 

 
The Discharger shall prepare and submit a copy of the Discharger’s initial investigation 
Toxicity Reduction Evaluation (TRE) workplan to the Executive Officer of the Regional 
Water Board for approval within 90 days of the effective date of this permit.  If the 
Executive Officer does not disapprove the workplan within 60 days, the workplan shall 
become effective.  The Discharger shall use USEPA manual EPA/833B-99/002 
(municipal) as guidance, or most current version.  At a minimum, the TRE Workplan 
must contain the provisions in Attachment G.  This workplan shall describe the steps the 
Discharger intends to follow if toxicity is detected, and should include, at a minimum: 
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1. A description of the investigation and evaluation techniques that will be used to 
identify potential causes and sources of toxicity, effluent variability, and treatment 
system efficiency. 

 
2. A description of the facility’s methods of maximizing in-house treatment efficiency 

and good housekeeping practices, and a list of all chemicals used in the operation of 
the facility; and, 

 
3. If a toxicity identification evaluation (TIE) is necessary, an indication of the person 

who would conduct the TIEs (i.e., an in-house expert or an outside contractor).  See 
MRP section V.E.3. for guidance manuals. 

 
E. Steps in Toxicity Reduction Evaluation (TRE) and Toxicity Identification 

Evaluation (TIE) 
 
1. If results of the implementation of the facility’s initial investigation TRE workplan 

indicate the need to continue the TRE/TIE, the Discharger shall expeditiously 
develop a more detailed TRE workplan for submittal to the Executive Officer within 
15 days of completion of the initial investigation TRE.  The detailed workplan shall 
include, but not be limited to: 

 
a. Future actions to investigate and identify the cause of toxicity; 
 
b. Actions the Discharger will take to mitigate the impact of the discharge and 

prevent the recurrence of toxicity; and, 
  
c. A schedule for these actions. 
 

2. The following section summarizes the stepwise approach used in conducting the 
TRE: 
 
a. Step 1 includes basic data collection. 
 
b. Step 2 evaluates optimization of the treatment system operation, facility 

housekeeping, and selection and use of in-plant process chemicals. 
 
c. If Steps 1 and 2 are unsuccessful, Step 3 implements a Toxicity Identification 

Evaluation (TIE) and employment of all reasonable efforts using current available 
TIE methodologies.  The objective of the TIE shall be to identify the substance or 
combination of substances causing the observed toxicity. 

 
d. Assuming successful identification or characterization of the toxicant(s), Step 4 

evaluates final effluent treatment options. 
 
e. Step 5 evaluates in-plant treatment options. 
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f. Step 6 consists of confirmation once a toxicity control method has been 
implemented.  Many recommended TRE elements parallel source control, 
pollution prevention, and storm water control program best management 
practices (BMPs).  To prevent duplication of efforts, evidence of compliance with 
those requirements may be sufficient to comply with TRE requirements.  By 
requiring the first steps of a TRE to be accelerated testing and review of the 
facility’s TRE workplan, a TRE may be ended in its early stages.  All reasonable 
steps shall be taken to reduce toxicity to the required level.  The TRE may be 
ended at any stage if monitoring indicates there are no longer toxicity violations. 

 
3. The Discharger shall initiate a TIE as part of the TRE process to identify the 

cause(s) of toxicity.  The Discharger shall use the USEPA acute manual, chronic 
manual, EPA/600/6-91/005F (Phase I), EPA/600/R-92/080 (Phase II), and EPA-
600/R-92/081 (Phase III), as guidance.  

 
4. If a TRE/TIE is initiated prior to completion of the accelerated testing required in 

Section V.B.3. of this program, then the accelerated testing schedule may be 
terminated, or used as necessary in performing the TRE/TIE, as determined by the 
Executive Officer. 

  
5. Toxicity tests conducted as part of a TRE/TIE may also be used for compliance, if 

appropriate. 
 
6. The Regional Water Board recognizes that toxicity may be episodic and 

identification of causes of and reduction of sources of toxicity may not be successful 
in all cases.  Consideration of enforcement action by the Regional Water Board will 
be based, in part, on the Discharger’s actions and efforts to identify and control or 
reduce sources of consistent toxicity. 

 
a. If all the results of the six additional tests are in compliance with the chronic 

toxicity limitation, the Discharger may resume regular monthly testing. 
 
b. If the results of any of the six accelerated tests exceed the acute toxicity 

limitation, or the chronic toxicity trigger, then the Discharger shall continue to 
monitor bi-weekly until six consecutive bi-weekly tests are in compliance.  At that 
time, the Discharger may resume regular monthly testing. 

 
c. If the results of two of the six tests exceed the 1 TUc trigger, the Discharger shall 

initiate a TRE. 
 
d. If implementation of the initial investigation TRE workplan (see item B.3.b. above) 

indicates the source of toxicity (e.g., a temporary plant upset, etc.), then the 
Discharger shall return to the regular testing frequency.    

 
F. Ammonia Removal 
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1. Except with prior approval from the Executive Officer of the Regional Water Board, 
ammonia shall not be removed from bioassay samples.  The Discharger must 
demonstrate the effluent toxicity is caused by ammonia because of increasing test 
pH when conducting the toxicity test.  It is important to distinguish the potential toxic 
effects of ammonia from other pH sensitive chemicals, such as certain heavy metals, 
sulfide, and cyanide.  The following may be steps to demonstrate that the toxicity is 
caused by ammonia and not other toxicants before the Executive Officer would allow 
for control of pH in the test. 

 
a. There is consistent toxicity in the effluent and the maximum pH in the toxicity test 

is in the range to cause toxicity due to increased pH. 
 
b. Chronic ammonia concentrations in the effluent are greater than 4 mg/L total 

ammonia. 
 
c. Conduct graduated pH tests as specified in the toxicity identification evaluation 

methods.  For example, mortality should be higher at pH 8 and lower at pH 6. 
 
d. Treat the effluent with a zeolite column to remove ammonia.  Mortality in the 

zeolite treated effluent should be lower than the non-zeolite treated effluent.  
Then add ammonia back to the zeolite-treated samples to confirm toxicity due to 
ammonia. 

 
2. When it has been demonstrated that toxicity is due to ammonia because of 

increasing test pH, pH may be controlled using appropriate procedures which do not 
significantly alter the nature of the effluent, after submitting a written request to the 
Regional Water Board, and receiving written permission expressing approval from 
the Executive Officer of the Regional Water Board. 

 
G. Reporting 
 

The Discharger shall submit a full report of the toxicity test results, including any 
accelerated testing conducted during the month, as required by this permit.  Test 
results shall be reported in percent survival (% Survival) for acute toxicity or Chronic 
Toxicity Units (TUc), as required, with the self-monitoring report (SMR) for the month 
in which the test is conducted.  If an initial investigation indicates the source of 
toxicity and accelerated testing is unnecessary, pursuant to Section V.A.2.d. and 
V.B.3., then those results shall be submitted with the SMR for the period in which the 
Investigation occurred. 

   
1. The full report shall be received by the Regional Water Board by the 15th day of 

the third month following sampling. 
 
2. The full report shall consist of (1) the results; (2) the dates of sample collection 

and initiation of each toxicity test; (3) the toxicity limit; and, (4) printout of the 
toxicity program (ToxCalc or CETIS). 
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3. Test results for toxicity tests also shall be reported according to the appropriate 

manual chapter on Report Preparation and shall be attached to the SMR. 
Routine reporting shall include, at a minimum, as applicable, for each test, as 
appropriate: 

  
a. sample date(s) 
 
b. test initiation date 
 
c. test species 

 
d. end point value(s) for each dilution (e.g. number of young, growth rate, 

percent survival) 
 
e. NOEC values in percent effluent 
 
f. TUc value(s), where  TUc =  100     
   NOEC 
 
g. Mean percent mortality (+standard deviation) after 96 hours in 100% effluent 

(if applicable) 
 
h. NOEC and LOEC (Lowest Observable Effect Concentration) values for 

reference toxicant test(s) 
 
i. Available water quality measurements for each  test (e.g., pH, D.O., 

temperature, conductivity, hardness, salinity, ammonia). 
 

4. The Discharger shall provide a compliance summary that includes a summary 
table of toxicity data from at least eleven of the most recent samples. 

 
5. The Discharger shall notify this Regional Water Board immediately of any toxicity 

trigger exceedance and in writing 14 days after the receipt of the results of the 
exceedance. The notification will describe actions the Discharger has taken or 
will take to investigate and correct the cause(s) of toxicity. It may also include a 
status report on any actions required by the permit, with a schedule for actions 
not yet completed. If no actions have been taken, the reasons shall be given. 

 
VI. LAND DISCHARGE MONITORING REQUIREMENTS 

Not Applicable. 
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VII. RECLAMATION MONITORING REQUIREMENTS 

Not Applicable. 
 
VIII. RECEIVING WATER MONITORING REQUIREMENTS – SURFACE WATER AND 

GROUNDWATER 

A. Monitoring Location RSW-001U and RSW-002D 

1. The Discharger shall monitor Santa Clara River at RSW-001U (300 feet upstream of 
Discharge Serial 001 and 002); RSW-002D (300 feet downstream of Discharge 
Serial 001 and 002); and, RSW-003D (1.6 miles upstream of Chiquita Canyon 
Road), as follows (only if there is a discharge from Discharge Serial No. 001 or 002): 

Table E-7a. Receiving Water Monitoring Requirements 

Parameter Units Sample 
Type 

Minimum 
Sampling 
Frequency 

Required 
Analytical Test 

Method 
Flow MGD grab weekly 21 
pH 22 pH units grab weekly 21 

Temperature22 °F grab weekly 21 
Dissolved Oxygen mg/L grab weekly 21 

Total residual chlorine mg/L grab weekly 21 
Total coliform CFU or MPN/100 mL grab weekly 21 
Fecal coliform CFU or MPN/100 mL grab weekly 21 

E coli23 CFU or MPN/100 mL grab weekly 21 
Turbidity NTU grab monthly 21 

BOD5 20°C mg/L grab monthly 21 
Total dissolved solids mg/L grab monthly 21 

Conductivity µmho/cm grab monthly 21 
Chloride mg/L grab monthly 21 
Sulfates mg/L grab monthly 21 
Boron mg/L grab monthly 21 

Fluoride mg/L grab quarterly 21 

                                            
21  Pollutants shall be analyzed using the analytical methods described in 40 C.F.R. part 136; where no 

methods are specified for a given pollutant, by methods approved by this Regional Water Board or State 
Water Resources Control Board.  For any pollutant whose effluent limitation is lower than all the minimum 
levels (MLs) specified in Attachment 4 of the SIP, the analytical method with the lowest ML must be 
selected. 

 
22  Nitrate nitrogen, nitrite nitrogen, ammonia nitrogen, organic nitrogen, total kjeldahl nitrogen, pH, and 

temperature sampling shall be conducted on the same day or as close to concurrently as possible. 
 
23  E. coli testing shall be conducted only if fecal coliform testing is positive.  If the fecal coliform analysis 

results in no detection, a result of less than (<) the reporting limit for fecal coliform will be reported for E. 
coli. 
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Parameter Units Sample 
Type 

Minimum 
Sampling 
Frequency 

Required 
Analytical Test 

Method 
Ammonia nitrogen 22 mg/L grab weekly 21 

Nitrate nitrogen 22 mg/L grab weekly 21 
Nitrite nitrogen 22 mg/L grab weekly 21 

Organic nitrogen 22 mg/L grab weekly 21 
Total kjeldahl nitrogen (TKN) 22 mg/L grab weekly 21 

Total nitrogen 22 mg/L grab weekly 21 
Total phosphorus mg/L grab monthly 21 
Orthophosphate-P mg/L grab monthly 21 

Algal biomass24 mg/cm2 grab annually 21 
Surfactants (MBAS)25 mg/L grab monthly 21 
Surfactants (CTAS)25 mg/L grab quarterly 21 

Chemical oxygen demand (COD) mg/L grab semiannually 21 
Oil and grease mg/L grab quarterly 21 

Settleable solids ml/L grab monthly 21 
Suspended solids mg/L grab monthly 21 

Total hardness (CaCO3) mg/L grab monthly 21 
Chronic toxicity TUc grab quarterly 21 
Acute toxicity % Survival grab semiannually 21 

Antimony µg/L grab semiannually 21 
Arsenic µg/L grab monthly 21 

Beryllium µg/L grab semiannually 21 
Cadmium µg/L grab semiannually 21 

Chromium III µg/L calculated semiannually 21 
Chromium VI µg/L grab semiannually 21 

Total Chromium µg/L grab semiannually 21 

Copper µg/L grab monthly 21 
Iron µg/L grab monthly 21 
Lead µg/L grab semiannually 21 

Mercury µg/L grab monthly 21 
Nickel µg/L grab quarterly 21 

Selenium µg/L grab monthly 21 
Silver µg/L grab semiannually 21 

                                            
24  Algal biomass or Chlorophyll A samples shall be collected by obtaining scrapings from the substrate.  This 

will be a measure of benthic algae, rather than algae in the water column.  Percent cover shall also be 
reported. This parameter shall be sampled concurrently with the bioassessment monitoring.  

 
25  MBAS is Methylene blue active substances and CTAS is cobalt thiocyanate active substances.  Reaches of 

the Santa Clara River are unlined in several reaches downstream of the points of wastewater discharge and 
are designated with the beneficial use of groundwater recharge (GWR) in the Basin Plan.  Monitoring is 
required to assess compliance with the Basin Plan Water Quality Objectives, based on the incorporation by 
reference of the MCLs contained in Title 22 of the California Code of Regulations, for the protection of the 
underlying groundwater quality with the MUN beneficial use. 
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Parameter Units Sample 
Type 

Minimum 
Sampling 
Frequency 

Required 
Analytical Test 

Method 
Thallium µg/L grab semiannually 21 

Zinc µg/L grab semiannually 21 
Cyanide µg/L grab quarterly 21 

2,3,7,8-TCDD (Dioxin)26 µg/L grab semiannually 21 
Bis(2-ethylhexyl)phthalate µg/L grab quarterly 21 

Bromoform µg/L grab semiannually 21 
Dibromochloromethane µg/L grab semiannually 21 

Chloroform µg/L grab semiannually 21 
Bromodichloromethane µg/L grab semiannually 21 
Total trihalomethanes27 µg/L calculated semiannual 21 

Aldrin µg/L grab semiannually 21 
Alpha-BHC µg/L grab semiannually 21 
Chlordane µg/L grab semiannually 21 
4,4’-DDT µg/L grab semiannually 21 
4,4’-DDE µg/L grab semiannually 21 
4,4’-DDD µg/L grab semiannually 21 
Dieldrin µg/L grab semiannually 21 

Alpha-Endosulfan µg/L grab semiannually 21 
Heptachlor Epoxide µg/L grab semiannually 21 

Polychlorinated biphenyls 
(PCBs)28 

µg/L grab semiannually 21 

Remaining USEPA Priority 
Pollutants29 (except asbestos)  

  semiannually 21 

Chlorpyrifos30 µg/L grab quarterly 21 

                                            
26  In accordance with the SIP, the Discharger shall conduct monitoring for the seventeen 2,3,7,8-

tetrachlorodibenzo-p-dioxin (2,3,7,8-TCDD or dioxin) congeners in the effluent and in the receiving water 
Station RSW-002D, located downstream of the discharge point. The Discharger shall use the appropriate 
Toxicity Equivalence Factor (TEF) to determine Toxic Equivalence (TEQ).  Where TEQ equals the product 
between each of the 17 individual congeners’ (i) concentration analytical result (Ci) and their corresponding 
Toxicity Equivalence Factor (TEFi)., (i.e., TEQi  = Ci  x TEFi).  Compliance with the Dioxin limitation shall be 
determined by the summation of the seventeen individual TEQs, or the following equation: 

  )i)(TEF
17

1 i(C
17

1
)i(TEQ  effluent in ionconcentrat Dioxin �=�=  

 
27  Total trihalomethanes is the sum of concentrations of the trihalomethane compounds: 

bromodichloromethane, bromoform, chloroform, and dibromochloromethane. 
 
28  PCBs is the sum of Aroclor 1016, Aroclor 1221, Aroclor 1232, Aroclor 1242, Aroclor 1248, Aroclor 1254, 

and Aroclor 1260. 
 
29  Priority pollutants are those constituents referred to in 40 C.F.R. 401.15; a list of these pollutants is provided 

as Appendix A to 40 C.F.R. 423. 
 
30  Chlorpyrifos and Diazinon sampling shall be conducted concurrently with the receiving water chronic toxicity 

sampling. 
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Parameter Units Sample 
Type 

Minimum 
Sampling 
Frequency 

Required 
Analytical Test 

Method 
Diazinon30 µg/L grab quarterly 21 
Perchlorate µg/L grab annually 31 
1,4-Dioxane µg/L grab annually 31 

1,2,3-Trichloropropane µg/L grab annually 31 
MTBE µg/L grab annually 31 

 
B. Monitoring Location RGW-001 

1. The Discharger shall maintain groundwater sampling by monitoring the groundwater 
aquifer at station RGW-001 (Well No. 4N/17W-14Q3) as follows: 

  
Table E-7b. Receiving Ground Water Monitoring Requirements 

Parameter Units Sample 
Type 

Minimum Sampling 
Frequency 

Required Analytical Test 
Method 

Nitrite-N + Nitrate-N mg/L grab semiannually 21 
Total dissolved solids mg/L grab semiannually 21 
Chloride mg/L grab semiannually 21 
Sulfate mg/L grab semiannually 21 
Priority pollutants µg/L grab semiannually 21 
MTBE µg/L grab semiannually USEPA 8260B31 

 (2 µg/L detection limit) 
Perchlorate µg/L grab semiannually USEPA 31431 

 (2 µg/L detection limit) 
1,4-Dioxane µg/L grab semiannually USEPA 8270c31 

 (2 µg/L detection limit) 
1,2,3-Trichloropropane µg/L grab semiannually USEPA 504.131 

 (0.005 µg/L detection limit) 
 
2. The results of groundwater monitoring shall be submitted with the effluent monitoring 

reports. 
 
 
IX. OTHER MONITORING REQUIREMENTS 

A. Watershed Monitoring 
 

The goals of the Watershed-wide Monitoring Program for the Santa Clara River 
Watershed are to: 

                                                                                                                                                       
 
31  Emerging chemicals include 1,4-dioxane (USEPA 8270c test method); perchlorate (USEPA 314 test 

method, or USEPA method 331 if a detection limit of less than 6 µg/L is achieved ); 1,2,3-trichloropropane 
(1,2,3-TCP) (USEPA 504.1, 8260B test method, or USEPA 524.2 in SIM mode); and methyl tert-butyl ether 
(MTBE) (USEPA 8260B test method or USEPA method 624 if a detection level of less than 5 µg/L is 
achieved, and if the Discharger received ELAP certification to run USEPA method 624). 
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• Determine compliance with receiving water limits; 
• Monitor trends in surface water quality; 
• Ensure protection of beneficial uses; 
• Provide data for modeling contaminants of concern; 
• Characterize water quality including seasonal variation of surface waters within the 

watershed; 
• Assess the health of the biological community; and   
• Determine mixing dynamics of effluent and receiving waters in the estuary. 

 
1. The Discharger and other stakeholders in the Santa Clara River Watershed  

participated in the development of the “Comprehensive Water Quality Monitoring 
Plan for the Santa Clara River Watershed”, prepared for the Ventura County 
Watershed Protection District in March 2006.  This plan provides recommendations 
for improving watershed-wide monitoring, but no implementation plan has been 
developed to institute the suggested changes nor has the plan been approved by 
Regional Board staff.  
 

2. Stakeholders in the San Gabriel River Watershed submitted a “Comprehensive 
Water Quality Monitoring Plan for the San Gabriel River Watershed” to the Regional 
Board and received approval to implement the monitoring program in 2006.  
Stakeholders in the Los Angeles River Watershed submitted a “Comprehensive 
Water Quality Monitoring Plan for the Los Angeles River Watershed” to the Regional 
Board and received approval to implement the monitoring program in 2008.  Both of 
these monitoring programs are consistent with the goals and objectives of statewide 
and regional monitoring conducted by the State of California’s Surface Water 
Ambient Monitoring Program (SWAMP). 

 
3. The 2006 monitoring plan developed for the Santa Clara River Watershed provides 

a useful starting point, but should be updated to reflect the goals and objectives of 
SWAMP monitoring.  In addition, the initial plan does not adequately monitor the 
major tributaries of the Santa Clara River Watershed and should be adjusted or 
augmented to satisfy this goal. 
 
The District shall participate in the development of an updated comprehensive 
Watershed-wide Monitoring Program and shall develop a plan for implementation of 
this monitoring program, in conjunction with other interested stakeholders by March 
31, 2010.  The Regional Board will provide some assistance through SWAMP to 
achieve these goals, but the District and other stakeholders may need to provide 
financial assistance to hire a facilitator or conduct other activities as necessary.  To 
achieve the goals of the Watershed-wide Monitoring program, revisions to the 
Receiving Water Monitoring Requirements will be made under the direction of 
USEPA and the Regional Water Board.  The District shall submit quarterly progress 
reports detailing ongoing efforts towards the implementation of the Watershed-wide 
Monitoring Program.  The first report should be received in the Regional Water 
Board office by September 30, 2009. 
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4. In coordination with interested stakeholders in the Santa Clara River Watershed, the 
Discharger shall conduct instream bioassessment monitoring once a year, during the 
spring/summer period (unless an alternate sampling period is approved by the 
Executive Officer). Over time, bioassessment monitoring will provide a measure of 
the physical condition of the waterbody and the integrity of its biological 
communities. 

 
a. The bioassessment program shall include an analysis of the community structure 

of the instream macroinvertebrate assemblages and physical habitat assessment 
at the monitoring stations RSW-001U and RSW-002D. 
 
This program shall be implemented by appropriately trained staff.  Alternatively, a 
professional subcontractor qualified to conduct bioassessments may be selected 
to perform the bioassessment work for the Discharger.  Analyses of the results of 
the bioassessment monitoring program, along with photographs of the monitoring 
site locations taken during sample collection, shall be submitted in the 
corresponding annual report.  If another stakeholder, or interested party in the 
watershed subcontracts a qualified professional to conduct bioassessment 
monitoring during the same season and at the same location as specified in the 
MRP, then the Discharger may, in lieu of duplicative sampling, submit the data, a 
report interpreting the data, photographs of the site, and related QA/QC 
documentation in the corresponding annual report. 

 
b. The Discharger must provide a copy of their Standard Operation Procedures 

(SOPs) for the Bioassessment Monitoring Program to the Regional Water Board 
upon request.  The document must contain step-by-step field, laboratory and 
data entry procedures, as well as, related QA/QC procedures.  The SOP must 
also include specific information about each bioassessment program including: 
assessment program description, its organization and the responsibilities of all its 
personnel; assessment project description and objectives; qualifications of all 
personnel; and the type of training each member has received. 
 

c. Field sampling must conform to the SOP established for the California Stream 
Bioassessment Procedure (CSBP) or more recently established sampling 
protocols, such as used by the Surface Water Ambient Monitoring Program 
(SWAMP).  Field crews shall be trained on aspects of the protocol and 
appropriate safety issues.   All field data and sample Chain of Custody (COC) 
forms must be examined for completion and gross errors.  Field inspections shall 
be planned with random visits and shall be performed by the Discharger or an 
independent auditor.  These visits shall report on all aspects of the field 
procedure with corrective action occurring immediately. 
 

d. A taxonomic identification laboratory shall process the biological samples that 
usually consist of subsampling organisms, enumerating and identifying 
taxonomic groups and entering the information into an electronic format.   The 
Regional Water Board may require QA/QC documents from the taxonomic 
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laboratories and examine their records regularly.  Intra-laboratory QA/QC for 
subsampling, taxonomic validation and corrective actions shall be conducted and 
documented.  Biological laboratories shall also maintain reference collections, 
vouchered specimens (the Discharger may request the return of their sample 
voucher collections) and remnant collections.  The laboratory should participate 
in an (external) laboratory taxonomic validation program at a recommended level 
of 10% or 20%.  External QA/QC may be arranged through the California 
Department of Fish and Game’s Aquatic Bioassessment Laboratory located in 
Rancho Cordova, California. 

 
5. The Executive Officer of the Regional Water Board may modify the Monitoring and 

Reporting Program to accommodate the watershed-wide monitoring. 
 
 
X. REPORTING REQUIREMENTS 

A. General Monitoring and Reporting Requirements 

1. The Discharger shall comply with all Standard Provisions (Attachment D) related to 
monitoring, reporting, and recordkeeping. 

2. If there is no discharge during any reporting period, the report shall so state. 

3. Each monitoring report shall contain a separate section titled “Summary of Non-
Compliance” which discusses the compliance record and the corrective actions 
taken or planned that may be needed to bring the discharge into full compliance with 
waste discharge requirements.  This section shall clearly list all non-compliance with 
discharge requirements, as well as all excursions of effluent limitations. 

4. The Discharger shall inform the Regional Water Board well in advance of any 
proposed construction activity that could potentially affect compliance with applicable 
requirements. 

B. Self Monitoring Reports (SMRs) 

1. At any time during the term of this permit, the State or Regional Water Board may 
notify the Discharger to electronically submit Self-Monitoring Reports (SMRs) using 
the State Water Board’s California Integrated Water Quality System (CIWQS) 
Program Web site (http://www.waterboards.ca.gov/ciwqs/index.html).  Until such 
notification is given, the Discharger shall submit hard copy SMRs.  The CIWQS Web 
site will provide additional directions for SMR submittal in the event there will be 
service interruption for electronic submittal. 

2. The Discharger shall report in the SMR the results for all monitoring specified in this 
MRP under sections III through IX.  The Discharger shall submit monthly and annual 
SMRs including the results of all required monitoring using USEPA-approved test 
methods or other test methods specified in this Order.  If the Discharger monitors 
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any pollutant more frequently than required by this Order (other than for 
process/operational control, start up, research, or equipment testing), the results of 
this monitoring shall be included in the calculations and reporting of the data 
submitted in the SMR. 

3. Monitoring periods and reporting for all required monitoring shall be completed 
according to the following schedule: 

 
Table E-8. Monitoring Periods and Reporting Schedule 

Sampling 
Frequency Monitoring Period Begins On… Monitoring Period SMR Due Date 

Continuous Permit effective date All Submit with 
monthly SMR 

Daily Permit effective date 

(Midnight through 11:59 PM) or 
any 24-hour period that 
reasonably represents a calendar 
day for purposes of sampling.  

Submit with 
monthly SMR 

Weekly 
Sunday following permit effective 
date or on permit effective date if 
on a Sunday 

Sunday through Saturday Submit with 
monthly SMR 

Monthly 

First day of calendar month 
following permit effective date or 
on permit effective date if that 
date is first day of the month 

1st day of calendar month through 
last day of calendar month 

By the 15th day of 
the third month 
after the month of 
sampling 

Quarterly 
Closest of January 1, April 1, July 
1, or October 1 following permit 
effective date. 

January 1 through March 31 
April 1 through June 30 
July 1 through September 30 
October 1 through December 31 

April15 
July 15 
October 15 
January 15 
 

Semiannually Closest of January 1 or July 1 
following permit effective date. 

January 1 through June 30 
July 1 through December 31 

April 15 
October 15 

Annually January 1 following permit 
effective date January 1 through December 31 April 15 

Biennially August 1, 2009 August 1, every other year November 15 

 
 

4. Reporting Protocols.  The Discharger shall report with each sample result the 
applicable reported Minimum Level (ML) and the current Method Detection Limit 
(MDL), as determined by the procedure in 40 C.F.R. part 136. 
 
The Discharger shall report the results of analytical determinations for the presence 
of chemical constituents in a sample using the following reporting protocols: 

a. Sample results greater than or equal to the reported ML shall be reported as 
measured by the laboratory (i.e., the measured chemical concentration in the 
sample). 
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b. Sample results less than the RL, but greater than or equal to the laboratory’s 
MDL, shall be reported as “Detected, but Not Quantified,” or DNQ.  The 
estimated chemical concentration of the sample shall also be reported. 
 
For the purposes of data collection, the laboratory shall write the estimated 
chemical concentration next to DNQ as well as the words “Estimated 
Concentration” (may be shortened to “Est. Conc.”).  The laboratory may, if such 
information is available, include numerical estimates of the data quality for the 
reported result.  Numerical estimates of data quality may be percent accuracy (+ 
a percentage of the reported value), numerical ranges (low to high), or any other 
means considered appropriate by the laboratory. 

c. Sample results less than the laboratory’s MDL shall be reported as “Not 
Detected,” or ND. 

d. Dischargers are to instruct laboratories to establish calibration standards so that 
the ML value (or its equivalent if there is differential treatment of samples relative 
to calibration standards) is the lowest calibration standard.  At no time is the 
Discharger to use analytical data derived from extrapolation beyond the lowest 
point of the calibration curve. 

5. The Discharger shall submit SMRs in accordance with the following requirements: 
 

a. The Discharger shall arrange all reported data in a tabular format. The data shall 
be summarized to clearly illustrate whether the facility is operating in compliance 
with interim and/or final effluent limitations.  The Discharger is not required to 
duplicate the submittal of data that is entered in a tabular format within CIWQS.  
When electronic submittal of data is required and CIWQS does not provide for 
entry into a tabular format within the system, the Discharger shall electronically 
submit the data in a tabular format as an attachment. 

 
b. The Discharger shall attach a cover letter to the SMR. The information contained 

in the cover letter shall clearly identify violations of the WDRs; discuss corrective 
actions taken or planned; and the proposed time schedule for corrective actions. 
Identified violations must include a description of the requirement that was 
violated and a description of the violation. 

 
c. SMRs must be submitted to the Regional Water Board, signed and certified as 

required by the Standard Provisions (Attachment D), to the address listed below: 
(Reference the reports to Compliance File No. 4993 to facilitate routing to the 
appropriate staff and file.) 

 
California Regional Water Quality Control Board 
320 West 4th Street, Suite 200 
Los Angeles, CA 90013 
Attention: Information Technology Unit 
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C. Discharge Monitoring Reports (DMRs) 

1. As described in Section X.B.1 above, at any time during the term of this permit, the 
State or Regional Water Board may notify the Discharger to electronically submit 
SMRs that will satisfy federal requirements for submittal of Discharge Monitoring 
Reports (DMRs).  Until such notification is given, the Discharger shall submit DMRs 
in accordance with the requirements described below. 

2. DMRs must be signed and certified as required by the standard provisions 
(Attachment D). The Discharger shall submit the original DMR and one copy of the 
DMR to the address listed below: 

 

 
3. All discharge monitoring results must be reported on the official USEPA pre-printed 

DMR forms (EPA Form 3320-1).  Forms that are self-generated will not be accepted 
unless they follow the exact same format of EPA Form 3320-1. 

D. Other Reports 

1. Annual Summary Report 
 

By April 15 of each year, the Discharger shall submit an annual report containing a 
discussion of the previous year’s influent/effluent analytical results and receiving 
water bacterial monitoring data. The annual report shall contain graphical and 
tabular summaries of the monitoring analytical data. The annual report shall also 
contain an overview of any plans for upgrades to the treatment plant’s collection 
system, the treatment processes, or the outfall system. The Discharger shall submit 
a hard copy annual report to the Regional Water Board in accordance with the 
requirements described in subsection B.5 above. 
 
Each annual monitoring report shall contain a separate section titled “Reasonable 
Potential Analysis” which discusses whether or not reasonable potential was 
triggered for pollutants which do not have a final effluent limitation in the NPDES 
permit.  This section shall contain the following statement:” The analytical results for 
this sampling period did/ did not trigger reasonable potential.”  If reasonable potential 
was triggered, then the following information should also be provided: 

STANDARD MAIL FEDEX/UPS/ 
OTHER PRIVATE CARRIERS 

State Water Resources Control Board  
Division of Water Quality 

c/o DMR Processing Center 
PO Box 100 

Sacramento, CA 95812-1000 

State Water Resources Control Board 
Division of Water Quality 

c/o DMR Processing Center 
1001 I Street, 15th Floor 
Sacramento, CA 95814 
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a. A list of the pollutant(s) that triggered reasonable potential; 
b. The Basin Plan or CTR criteria that was exceeded for each given pollutant; 
c. The concentration of the pollutant(s); 
d. The test method used to analyze the sample; and, 
e. The date and time of sample collection. 

 
2. The Discharger shall submit to the Regional Water Board, together with the first 

monitoring report required by this permit, a list of all chemicals and proprietary 
additives which could affect this waste discharge, including quantities of each.  Any 
subsequent changes in types and/or quantities shall be reported promptly. 

 
3. The Regional Water Board requires the Discharger to file with the Regional Water 

Board, within 90 days after the effective date of this Order, a technical report on his 
preventive (failsafe) and contingency (cleanup) plans for controlling accidental 
discharges, and for minimizing the effect of such events.  The technical report 
should: 

 
a. Identify the possible sources of accidental loss, untreated waste bypass, and 

contaminated drainage.  Loading and storage areas, power outage, waste 
treatment unit outage, and failure of process equipment, tanks, and pipes should 
be considered. 

 
b. Evaluate the effectiveness of present facilities and procedures and state when 

they become operational. 
 
c. Describe facilities and procedures needed for effective preventive and 

contingency plans. 
 
d. Predict the effectiveness of the proposed facilities and procedures and provide 

an implementation schedule contingent interim and final dates when they will be 
constructed, implemented, or operational. 

 



Santa Clarita Valley Sanitation District of Los Angeles County ORDER NO. R4-2009-0074 
Valencia Water Reclamation Plant NPDES NO. CA0054216 
 
 

 
Attachment F – Fact Sheet (Tentative Version 02/25/09, F-1 
Revised: 04/07/09, 04/20/09, 5/14/09, & 6/4/09) 

F.  
ATTACHMENT F – FACT SHEET 
 

Table of Contents 
 
I. Permit Information .......................................................................................................... F-3 
II. Facility Description ......................................................................................................... F-4 

A. Description of Wastewater and Biosolids Treatment or Controls ............................. F-4 
B. Discharge Points and Receiving Waters.................................................................. F-4 
C. Summary of Existing Requirements and Self-Monitoring Report (SMR) Data ......... F-5 
D. Compliance Summary.............................................................................................. F-7 
E. Planned Changes .................................................................................................... F-8 

III. Applicable Plans, Policies, and Regulations................................................................... F-8 
A. Legal Authorities ...................................................................................................... F-8 
B. California Environmental Quality Act (CEQA) .......................................................... F-8 
C. State and Federal Regulations, Policies, and Plans ................................................ F-8 
D. Impaired Water Bodies on CWA 303(d) List .......................................................... F-12 
E. Other Plans, Polices and Regulations.................................................................... F-13 

IV. Rationale For Effluent Limitations and Discharge Specifications.................................. F-16 
A. Discharge Prohibitions........................................................................................... F-17 
B. Technology-Based Effluent Limitations.................................................................. F-17 

1. Scope and Authority........................................................................................... F-17 
2. Applicable Technology-Based Effluent Limitations ............................................ F-18 

C. Water Quality-Based Effluent Limitations (WQBELs)............................................. F-19 
1. Scope and Authority........................................................................................... F-19 
2. Applicable Beneficial Uses and Water Quality Criteria and Objectives.............. F-19 
3. Determining the Need for WQBELs ................................................................... F-31 
4. WQBEL Calculations ......................................................................................... F-32 
5. Whole Effluent Toxicity (WET) ........................................................................... F-37 

D. Final Effluent Limitations........................................................................................ F-38 
1. Satisfaction of Anti-Backsliding Requirements................................................... F-38 
2. Satisfaction of Antidegradation Policy................................................................ F-38 
3. Stringency of Requirements for Individual Pollutants......................................... F-39 

E. Interim Effluent Limitations..................................................................................... F-42 
F. Land Discharge Specifications............................................................................... F-42 
G. Reclamation Specifications.................................................................................... F-42 

V. Rationale for Receiving Water Limitations.................................................................... F-42 
A. Surface Water........................................................................................................ F-42 
B. Groundwater .......................................................................................................... F-42 

VI. Rationale for Monitoring and Reporting Requirements................................................. F-43 
A. Influent Monitoring ................................................................................................. F-43 
B. Effluent Monitoring................................................................................................. F-43 
C. Whole Effluent Toxicity Testing Requirements ...................................................... F-44 
D. Receiving Water Monitoring................................................................................... F-44 

1. Surface Water.................................................................................................... F-44 
2. Groundwater ...................................................................................................... F-44 



Santa Clarita Valley Sanitation District of Los Angeles County ORDER NO. R4-2009-0074 
Valencia Water Reclamation Plant NPDES NO. CA0054216 
 
 

 
Attachment F – Fact Sheet (Tentative Version 02/25/09, F-2 
Revised: 04/07/09, 04/20/09, 5/14/09, & 6/4/09) 

E. Other Monitoring Requirements............................................................................. F-44 
VII. Rationale for Provisions................................................................................................ F-45 

A. Standard Provisions............................................................................................... F-45 
B. Special Provisions.................................................................................................. F-45 

1. Reopener Provisions.......................................................................................... F-45 
2. Special Studies and Additional Monitoring Requirements.................................. F-45 
3. Best Management Practices and Pollution Prevention ...................................... F-46 
4. Construction, Operation, and Maintenance Specifications................................. F-46 
5. Special Provisions for Municipal Facilities (POTWs Only) ................................. F-46 
6. Other Special Provisions.................................................................................... F-47 
7. Compliance Schedules ...................................................................................... F-47 

VIII. Public Participation ....................................................................................................... F-47 
A. Notification of Interested Parties ............................................................................ F-47 
B. Written Comments ................................................................................................. F-48 
C. Public Hearing ....................................................................................................... F-48 
D. Nature of Hearing................................................................................................... F-48 
E. Parties to the Hearing ............................................................................................ F-49 
F. Public Comments and Submittal of Evidence ........................................................ F-49 
G. Hearing Procedure................................................................................................. F-49 
H. Waste Discharge Requirements Petitions.............................................................. F-50 
I. Information and Copying........................................................................................ F-50 
J. Register of Interested Persons .............................................................................. F-50 
K. Additional Information ............................................................................................ F-50 

 
List of Tables 

 
Table F-1. Facility Information ............................................................................................ F-3 
Table F-2. Historic Effluent Limitations and Monitoring Data.............................................. F-5 
Table F-3a. Basin Plan Beneficial Uses ............................................................................... F-9 
Table F-3b. Basin Plan Beneficial Uses ............................................................................. F-10 
Table F-4. Summary of Technology-based Effluent Limitations ....................................... F-18 
Table F-5. Summary of Water Quality-based Effluent Limitations .................................... F-36 
Table F-6. Summary of Final Effluent Limitations............................................................. F-40 
 



Santa Clarita Valley Sanitation District of Los Angeles County ORDER NO. R4-2009-0074 
Valencia Water Reclamation Plant NPDES NO. CA0054216 
 
 

 
Attachment F – Fact Sheet (Tentative Version 02/25/09, F-3 
Revised: 04/07/09, 04/20/09, 5/14/09, & 6/4/09) 

 
ATTACHMENT F – FACT SHEET 

As described in section II of this Order, this Fact Sheet includes the legal requirements and 
technical rationale that serve as the basis for the requirements of this Order. 

This Order has been prepared under a standardized format to accommodate a broad range of 
discharge requirements for Dischargers in California.  Only those sections or subsections of 
this Order that are specifically identified as “not applicable” have been determined not to apply 
to this Discharger.  Sections or subsections of this Order not specifically identified as “not 
applicable” are fully applicable to this Discharger. 

I. PERMIT INFORMATION 

The following table summarizes administrative information related to the facility. 

 
Table F-1. Facility Information 

WDID  
Discharger Santa Clarita Valley Sanitation District of Los Angeles County 
Name of Facility Valencia Water Reclamation Plant 

28185 The Old Road 
Santa Clarita, CA 91355 Facility Address 
Los Angeles County 

Facility Contact, Title and 
Phone 

Thomas Weiland, Supervising Engineer, (562) 908-4288 X2855  

Authorized Person to Sign 
and Submit Reports 

Thomas Weiland, Supervising Engineer 

Mailing Address 1955 Workman Mill Road, Whittier, CA 90601 
Billing Address Same as above 
Type of Facility Publicly Owned Treatment Works 
Major or Minor Facility Major 
Threat to Water Quality 1 
Complexity A 
Pretreatment Program Y 
Reclamation Requirements Yes 
Facility Permitted Flow 21.6 Million Gallons per Day (MGD) 
Facility Design Flow 21.6 MGD 
Watershed Santa Clara River Watershed 
Receiving Water Santa Clara River 
Receiving Water Type Inland surface water 

 
A. Santa Clarita Valley Sanitation District of Los Angeles County (hereinafter Discharger or 

SCVSD, formerly referred to as Los Angeles County Sanitation District of Los Angeles 
County) is the owner and operator of the Valencia Water Reclamation Plant (hereinafter 
Facility or Valencia WRP), a Publicly Owned Treatment Works (POTW). 
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For the purposes of this Order, references to the “discharger” or “permittee” in 
applicable federal and state laws, regulations, plans, or policy are held to be equivalent 
to references to the Discharger herein. 

B. The Facility discharges wastewater to Santa Clara River, a water of the United States, 
and is currently regulated by Order No. R4-2003-0145 (as revised by Order No. R4-
2005-0032) and National Pollutant Elimination System (NPDES) permit No. 
CA0054216, which was adopted on November 6, 2003 and expires on October 10, 
2008. 

C. The Discharger filed a report of waste discharge and submitted an application for 
renewal of its Waste Discharge Requirements (WDRs) and National Pollutant Discharge 
Elimination System (NPDES) permit on April 11, 2008.  Supplemental information was 
requested on May 8, 2008, and was received on June 11, 2008. A site visit was 
conducted on July 8, 2008, to observe operations and collect additional data to develop 
permit limitations and conditions. 

II. FACILITY DESCRIPTION 

The Discharger owns and operates the Valencia Water Reclamation Plant (Valencia WRP), 
a tertiary wastewater treatment plant located at 28185 The Old Road, Santa Clarita, 
California.  Attachment B shows the location of the plant.  The Valencia WRP currently 
receives wastewater from the City of Santa Clarita and unincorporated areas of Los 
Angeles County.  The wastewater is a mixture of domestic and industrial wastewater that is 
pre-treated pursuant to 40 C.F.R. Part 403.  The Valencia WRP has a design capacity of 
21.6 million gallons per day (MGD) and serves an estimated population of 162,661. 
 
A. Description of Wastewater and Biosolids Treatment or Controls 

1. The Valencia WRP was recently upgraded and now nitrifies and denitrifies for 
ammonia removal.  Treatment consists of comminution, primary sedimentation, flow 
equalization, activated sludge treatment, secondary clarification, filtration, 
chlorination and dechlorination.  

 
2. Primary sludge is anaerobically digested and waste activated sludge is concentrated 

by dissolved air flotation, blended with primary sludge, and aerobically digested.  
The digested solids are thickened using a filter press.  Dried solids are trucked away 
off site either to a landfill or to a site for land application.  

 
B. Discharge Points and Receiving Waters 

Tertiary-treated wastewater is discharged to the Santa Clara River from Discharge 
Points 001 and 002 (see table on cover page), a water of the United States, and within 
the Santa Clara River Watershed. The Santa Clarita Valley Sanitation District of Los 
Angeles County also discharges stormwater into the Santa Clara River under a 
separate General NPDES Order. 



Santa Clarita Valley Sanitation District of Los Angeles County ORDER NO. R4-2009-0074 
Valencia Water Reclamation Plant NPDES NO. CA0054216 
 
 

 
Attachment F – Fact Sheet (Tentative Version 02/25/09, F-5 
Revised: 04/07/09, 04/20/09, 5/14/09, & 6/4/09) 

 
C. Summary of Existing Requirements and Self-Monitoring Report (SMR) Data 

There was no discharge from Discharge Point 002.  Effluent limitations contained in the 
existing Order for discharges from Discharge Point 001 (Monitoring Location EFF-001) 
and representative monitoring data from the term of the previous Order are as follows, 
according to the Report of Waste Discharge (ROWD): 

 
Table F-2. Historic Effluent Limitations and Monitoring Data 

Effluent Limitation Monitoring Data 
(From Oct. 2003 – To Dec. 2007) 

Parameter Units 
Average 
Monthly 

Ave. 
Weekly 

Max. 
Daily 

Highest 
Average 
Monthly 

Discharge 

Highest 
Average 
Weekly 

Discharge 

Highest 
Daily 

Discharge 

BOD5 20°C mg/L 20 30 45 <3.2 -- 15 
Total Suspended solids 

(TSS) 
mg/L 15 40 45 <1.5 -- 7 

Settleable solids mL/L 0.1 -- 0.3 <0.1 -- <0.1 
Temperature °F -- -- 86 75 -- 86 

pH Ph 
units 

-- -- 6.5 – 8.5 7.0 -- 7.8 

Turbidity NTU 2 -- 5 0.8 -- 3 
Oil and grease mg/L 10 -- 15 <5 -- <5 

Residual chlorine mg/L -- -- 0.1 <0.05 -- <0.1 
Total dissolved solids mg/L 1000 -- -- 733 -- 1,100 

Chloride mg/L -- -- 1001 155 -- 196 
Sulfate mg/L 400 -- -- 163 -- 210 
Boron mg/L 1.5 -- -- 0.7 -- 0.85 

Fluoride mg/L 1.6 -- -- 0.33 -- 0.65 
Nitrate + Nitrite as N mg/L 5 -- -- 4.39 -- 8.54 

Ammonia as N mg/L 1.75 -- 5.2 0.705 -- 2.79 
MBAS mg/L 0.5 -- -- <0.1 -- 0.2 

Antimony µg/L 6 -- -- 0.8 -- 1.1 
Arsenic µg/L 50 -- -- 0.7 DNQ -- 2.3 

Beryllium µg/L -- -- -- <0.5 -- 0.25 
Cadmium µg/L -- -- -- 0.03 DNQ -- 0.16 DNQ 

Chromium III µg/L -- -- -- <3.4 -- 0.46 
Chromium VI µg/L -- -- -- <5.7 -- 6 DNQ 

Copper µg/L -- -- -- 5.08 -- 21.8 
Lead µg/L -- -- -- 0.13 DNQ -- 0.27 

                                            
1  The final effluent limit of 100 mg/L was not in effect in the previous permit cycle, nor will it be in effect for the 

future permit cycle, because the Upper Santa Clara River Chloride TMDL provides for an interim limit.  The 
interim chloride limit is equal to the sum of the State Water Project treated water supply chloride 
concentration plus 134 mg/L, not to exceed a daily maximum of 230 mg/L. 
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Effluent Limitation Monitoring Data 
(From Oct. 2003 – To Dec. 2007) 

Parameter Units 
Average 
Monthly 

Ave. 
Weekly 

Max. 
Daily 

Highest 
Average 
Monthly 

Discharge 

Highest 
Average 
Weekly 

Discharge 

Highest 
Daily 

Discharge 

Mercury µg/L 0.051 -- 0.10 <0.04 -- 0.04 
Nickel µg/L 100 -- -- 2.23 -- 3.72 

Selenium µg/L 50 -- -- 0.4 DNQ -- 1.1 
Silver µg/L -- -- -- <0.25 -- 0.25 

Thallium µg/L -- -- -- <0.25 -- 0.08 DNQ 
Zinc µg/L 5000 -- -- 45.9 -- 114 

Cyanide2 µg/L 4.1 -- 8.9 1.4 DNQ -- 2.8 DNQ 
Acrolein µg/L -- -- -- <2 -- 0.54 DNQ 

Acrylonitrile µg/L -- -- -- <2 -- 2 
Bromoform µg/L -- -- -- <0.5 -- 1 

Dibromochloromethane µg/L -- -- -- 1 -- 4 
Dichlorobromomethane µg/L -- -- -- 5.3 -- 11 

Chloroform µg/L -- -- -- 7.3 -- 14 
Iron µg/L 300 -- -- <101 -- 115 

Methyl chloride µg/L -- -- -- <0.5 -- 0.4 DNQ 
Methylene chloride µg/L -- -- -- 0.06 DNQ -- 0.4 DNQ 
Tetrachloroethylene µg/L 5 -- -- <0.5 -- 0.6 

Toluene µg/L -- -- -- 0.1 DNQ -- 2 
2,4,6-Trichlorophenol µg/L -- -- -- <10 -- 0.5 DNQ 

Bis(2-ethylhexyl) 
phthalate 

µg/L 4 -- -- <2 -- 1.2 DNQ 

1,4-Dichlorobenzene µg/L 5 -- -- <1 -- 0.7 
Diethyl phthalate µg/L -- -- -- <2 -- 0.3 DNQ 

N-Nitrosodimethylamine µg/L -- -- -- 2.2 DNQ -- 3.9 DNQ 
1,2,3-Trichloropropane µg/L -- -- -- <0.005 -- 0.0042 

DNQ 
Lindane (Gamma-BHC) µg/L 0.2 -- -- <0.009 -- 0.006 

DNQ 

 
All other priority pollutants were not detected in the effluent.  Sample results less than the 
reporting level (RL), but greater than or equal to the laboratory’s method detection level (MDL) 
are reported as “Detected, but not Quantified (DNQ).” 
 
 
 

                                            
2  The cyanide summary includes monitoring data from January 2006 to December 2007 only, due to the 

reasons discussed under Cyanide Exceedance Discussion on page F-7 of this Fact Sheet.  
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D. Compliance Summary 

Monitoring data from January 2004 to December 2007, indicate that the Discharger has 
consistently complied with the final effluent limitations and interim effluent limitations of 
Order No. R4-2003-0145, and with the interim effluent limitations in its Time Schedule 
Orders, except for exceedances of: cyanide, residual chlorine, and turbidity.  The 
Discharger also had two sewer spills associated with the collection system tributary to 
the Valencia WRP. 
 
TSO No. R4-2003-0146 was adopted concurrently with the NPDES permit, Order No. 
R4-2003-0145.  This TSO required the Discharger to:  
 

1. Achieve compliance with the nitrate plus nitrite as nitrogen limitations within the 
time specified in the TMDL; 

 
2. Achieve compliance with the Tetrachloroethylene, Bis(2-ethylhexyl)phthalate, 

and p-Dichlorobenzene(1,4-Dichlorobenzene) limits by October 10, 2008; 
 
3. Submit quarterly progress reports of the Discharger’s efforts to achieve 

compliance with the final effluent limitations. 
 
Cyanide Exceedance Discussion 
 
The Discharger conducted a study by running side-by-side cyanide sample analysis, 
using two different test methods, to demonstrate that cyanide was being generated as a 
result of the sample preservation methodology associated with running the Standard 
Method 4500CN E (Manual Spectrophotometric method for total cyanide). 

The 21st Edition of Standard Method discusses the effect that one preservative, ascorbic 
acid, has on the sample.  “Ascorbic acid functions as a carbon donor in the presence of 
nitrite or nitrate, and generates cyanide during the distillation.” 
 
In January 2006, the Discharger obtained ELAP certification for a new test method 
which did not require the addition of preservatives to the collected sample.   After 
switching to the new test method (EPA 335.4), which avoids having to add a 
preservative, the effluent has not exceeded the cyanide interim effluent limit.   
 
Furthermore, the alleged cyanide exceedances did not appear to have an impact on 
water quality in the Santa Clara River.  If cyanide was indeed being discharged at those 
high reported concentrations, one would have expected to see toxicity in both the 
effluent and in the receiving water.  But the toxicity tests passed, with 100% of the 
species surviving, in both the effluent and receiving water.  It is feasible to believe that 
the sample preservative introduced as part of the analytical test methodology yielded 
cyanide concentration results that were not necessarily representative of what was 
being discharged in the effluent.  In a Regional Water Board enforcement panel hearing, 
the cyanide exceedances were dismissed. 
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E. Planned Changes 

The Valencia WRP’s treatment system has recently been upgraded with respect to 
nitrogen removal, in order to comply with the Nutrient TMDL for Santa Clara River 
Watershed.  In addition, the plant’s phased design capacity expansion, from 17 MGD to 
21.6 MGD, was completed in May 2005.  As part of its effort to comply with the Upper 
Santa Clara River Chloride Total Maximum Daily Load (TMDL), the SCVSD is 
considering conversion to ultraviolet (UV) disinfecting technology, in order to help 
achieve compliance with the TMDL by avoiding the addition of chloride; a design 
schedule has not yet been established. 

 
 
III. APPLICABLE PLANS, POLICIES, AND REGULATIONS 

The requirements contained in the proposed Order are based on the requirements and 
authorities described in this section. 

A. Legal Authorities 

This Order is issued pursuant to section 402 of the federal Clean Water Act (CWA) and 
implementing regulations adopted by the U.S. Environmental Protection Agency 
(USEPA) and chapter 5.5, division 7 of the California Water Code (commencing with 
section 13370).  It shall serve as an NPDES permit for point source discharges from this 
facility to surface waters.  This Order also serves as Waste Discharge Requirements 
(WDRs) pursuant to article 4, chapter 4, division 7 of the California Water Code 
(commencing with section 13260). 

B. California Environmental Quality Act (CEQA) 

Under California Water Code section 13389, this action to adopt an NPDES permit is 
exempt from the provisions of CEQA, Public Resources Code sections 21100 through 
21177. 

C. State and Federal Regulations, Policies, and Plans 

1. Water Quality Control Plans.  The Regional Water Board adopted a Water Quality 
Control Plan for the Los Angeles Region (hereinafter Basin Plan) on June 13, 1994 
that designates beneficial uses, establishes water quality objectives, and contains 
implementation programs and policies to achieve those objectives for all waters 
addressed through the plan.  In addition, the Basin Plan implements State Water 
Resources Control Board (State Water Board) Resolution No. 88-63, which 
established state policy that all waters, with certain exceptions, should be 
considered suitable or potentially suitable for municipal or domestic supply.  
Beneficial uses applicable to the Santa Clara River are as follows: 
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Table F-3a. Basin Plan Beneficial Uses 
Discharge 
Point Receiving Water Name Beneficial Use(s) 

001 and 002 Santa Clara River 
(Hydro unit 403.51) 

Existing: 
industrial service supply (IND), industrial process supply 
(PROC), and agricultural supply (AGR); groundwater 
recharge (GWR); freshwater replenishment (FRSH); water 
contact (REC-1)and non-contact water recreation (REC-2); 
rare, threatened, or endangered species (RARE); warm 
freshwater habitat (WARM), wildlife habitat (WILD), and 
wetland[1] habitat (WET). 
Potential: 
Municipal and domestic water supply (MUN). 

 Santa Clara River 
(Hydro unit 403.41) 

Existing: 
IND, PROC, AGR, GWR, FRSH, REC-1, REC-2, RARE; 
migration of aquatic organisms (MIGR); WARM, WILD, 
WET  
Potential: 
MUN. 

 Santa Clara River 
(Hydro unit 403.31) 

Existing: 
IND, PROC, AGR, GWR, FRSH, REC-1, REC-2, RARE, 
MIGR, WARM, WILD, and WET; 
Potential: 
MUN. 

 Santa Clara River 
(Hydro unit 403.21) 

Existing: 
IND, PROC, AGR, GWR, FRSH, REC-1, REC-2, RARE, 
MIGR, WARM, WILD, and WET 
Potential: 
MUN. 

 Santa Clara River 
(Hydro unit 403.11) 

Existing: 
IND, PROC, AGR, GWR, FRSH, REC-1, REC-2, RARE, 
MIGR, WARM, COLD, WILD, and WET 
Potential: 
navigation (NAV), REC-1; 

 Santa Clara River Estuary 
(Hydro unit 403.11) 

Existing: 
navigation (NAV), REC-1, REC-2, commercial and sport 
fishing (COMM), estuarine habitat (EST), marine habitat 
(MAR), WILD, WET, RARE, MIGR, spawning, 
reproduction, and/or early development (SPWN). 

 
* The potential municipal and domestic supply (p* MUN) beneficial use for the waterbody is consistent with the 

State Water Resources Control Board Order No. 88-63 and Regional Water Board Resolution No. 89-003; 
however, the Regional Water Board has only conditionally designated the MUN beneficial use of the surface 
water and at this time cannot establish effluent limitations designed to protect the conditional designation.  

 
 
The beneficial uses of the receiving ground waters are as follows: 
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Table F-3b. Basin Plan Beneficial Uses 
Discharge Point Receiving Water Name Beneficial Use(s) 
001 and 002 Eastern Santa Clara 

(DWR Basin No. 4-4.07) 
South Fork –  
Existing Beneficial Uses: 

Municipal and domestic water supply (MUN), industrial 
service supply (IND), industrial process supply (PROC), and 
agricultural supply (AGR); 

 
Placerita Canyon –  
Existing Beneficial Uses: 

MUN, IND, PROC, AGR 
 

Santa Clara/Bouquet & San Francisquito Canyons -  
Existing Beneficial Uses: 

MUN, IND, PROC, AGR 
 

Castaic Valley- 
Existing Beneficial Uses: 

MUN, IND, PROC, AGR 
 

Saugus Aquifer- 
Existing Beneficial Use: MUN 
 

 Ventura Central Basin 
(DWR Basin No. 4-4) 

Santa Clara, Lower Area East of Piru Creek 
Existing Beneficial Uses: 

MUN, IND, PROC, and AGR; 
 

Santa Clara, Lower Area West of Piru Creek 
Existing Beneficial Uses: 

MUN, IND, PROC; and, AGR; 
 
Santa Clara, Upper Sespe area 
Existing Beneficial Uses: IND and AGR 
Potential Beneficial Uses: MUN and PROC 
  
Santa Clara – Fillmore area: Pole Creek Fan area 
Existing Beneficial Uses: MUN, IND, PROC; and, AGR; 
 
Santa Clara – Fillmore area: South side of Santa Clara River 
Existing Beneficial Uses: MUN, IND, PROC; and, AGR; 
 
Santa Clara  - Remaining Fillmore area 
Existing Beneficial Uses: MUN, IND, PROC; and, AGR; 
 
Santa Clara – Santa Paula area; East of Peck Road 
Existing Beneficial Uses: MUN, IND, PROC; and, AGR; 
 
Santa Clara – Santa Paula area: West of Peck Road   
Existing Beneficial Uses: MUN, IND, PROC; and, AGR; 
 

 Oxnard Plain Oxnard Forebay 
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Discharge Point Receiving Water Name Beneficial Use(s) 
(DWR Basin No. 4-4) Existing Beneficial Uses: MUN, IND, PROC, and AGR; 

 
Confined Aquifers 
Existing Beneficial Uses: MUN, IND, PROC, and AGR; 
 
Unconfined and perched aquifers 

Existing Beneficial Uses: MUN and AGR; 
Potential Beneficial Use: IND 

 
Requirements of this Order implement the Basin Plan and subsequent amendments. 

The 1994 Basin Plan provided water quality objectives for ammonia to protect 
aquatic life, in Tables 3-1 through Tables 3-4. However, those ammonia objectives 
were revised on April 25, 2002, by the Regional Water Board with the adoption of 
Resolution No. 2002-011, Amendment to the Water Quality Control Plan for the Los 
Angeles Region to Update the Ammonia Objectives for Inland Surface Waters 
(Including Enclosed Bays, Estuaries and Wetlands) with Beneficial Use Designations 
for Protection of Aquatic Life. The ammonia Basin Plan amendment was approved 
by the State Water Board, the Office of Administrative Law, and USEPA on April 30, 
2003, June 5, 2003, and June 19, 2003, respectively. On December 1, 2005, 
Resolution No. 2005-014, Amendment to the Water Quality Control Plan for the Los 
Angeles Region to Revise the Early Life Stage Implementation Provision of the 
Freshwater Ammonia Objectives for Inland Surface Waters (including enclosed 
bays, estuaries and wetlands) for Protection of Aquatic Life, was adopted by the 
Regional Water Board. Resolution No. 2005-014 was approved by the State Water 
Board, the Office of Administrative Law, and USEPA on July 19, 2006, August 31, 
2006, and April 5, 2007, respectively. Although the revised ammonia water quality 
objectives may be less stringent than those contained in the 1994 Basin Plan, they 
are still protective of aquatic life and are consistent with USEPA’s 1999 ammonia 
criteria update. 

 
2. National Toxics Rule (NTR) and California Toxics Rule (CTR).  USEPA adopted 

the NTR on December 22, 1992, and later amended it on May 4, 1995 and 
November 9, 1999.  About forty criteria in the NTR applied in California.  On May 18, 
2000, USEPA adopted the CTR.  The CTR promulgated new toxics criteria for 
California and, in addition, incorporated the previously adopted NTR criteria that 
were applicable in the state.  The CTR was amended on February 13, 2001.  These 
rules contain water quality criteria for priority pollutants. 

3. State Implementation Policy.  On March 2, 2000, the State Water Board adopted 
the Policy for Implementation of Toxics Standards for Inland Surface Waters, 
Enclosed Bays, and Estuaries of California (State Implementation Policy or SIP).  
The SIP became effective on April 28, 2000 with respect to the priority pollutant 
criteria promulgated for California by the USEPA through the NTR and to the priority 
pollutant objectives established by the Regional Water Board in the Basin Plan.  The 
SIP became effective on May 18, 2000 with respect to the priority pollutant criteria 
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promulgated by the USEPA through the CTR.  The State Water Board adopted 
amendments to the SIP on February 24, 2005 that became effective on July 13, 
2005.  The SIP establishes implementation provisions for priority pollutant criteria 
and objectives and provisions for chronic toxicity control.  Requirements of this 
Order implement the SIP. 

4. Alaska Rule.  On March 30, 2000, USEPA revised its regulation that specifies when 
new and revised state and tribal water quality standards (WQS) become effective for 
CWA purposes (40 C.F.R. § 131.21, 65 Fed. Reg. 24641 (April 27, 2000)).  Under 
the revised regulation (also known as the Alaska rule), new and revised standards 
submitted to USEPA after May 30, 2000, must be approved by USEPA before being 
used for CWA purposes.  The final rule also provides that standards already in effect 
and submitted to USEPA by May 30, 2000, may be used for CWA purposes, 
whether or not approved by USEPA. 

5. Antidegradation Policy.  Section 131.12 requires that the state water quality 
standards include an antidegradation policy consistent with the federal policy.  The 
State Water Board established California’s antidegradation policy in State Water 
Board Resolution No. 68-16.  Resolution No. 68-16 incorporates the federal 
antidegradation policy where the federal policy applies under federal law.  
Resolution No. 68-16 requires that existing water quality be maintained unless 
degradation is justified based on specific findings.  The Regional Water Board’s 
Basin Plan implements, and incorporates by reference, both the State and federal 
antidegradation policies.  The permitted discharge must be consistent with the 
antidegradation provision of part 131.12 and State Water Board Resolution No. 68-
16. 

6. Anti-Backsliding Requirements.  Sections 402(o)(2) and 303(d)(4) of the CWA 
and federal regulations at title 40, Code of Federal Regulations3 part 122.44(l) 
prohibit backsliding in NPDES permits.  These anti-backsliding provisions require 
that effluent limitations in a reissued permit must be as stringent as those in the 
previous permit, with some exceptions in which limitations may be relaxed. 

D. Impaired Water Bodies on CWA 303(d) List 

On October 25, 2006, the State Water Board adopted a revised CWA 303(d) list.  The 
2006 303(d) list was partially approved by the USEPA on November 30, 2006.  
However, on March 8, 2007, USEPA partially disapproved the State’s 303(d) list, by 
disapproving the State’s omission of impaired waters that met federal listing regulations 
or guidance.  USEPA is adding 64 waters and 37 associated pollutants to the State’s 
303(d) list.  On June 28, 2007, USEPA transmitted the final approved 2004-2006 
Section 303(d) List, which serves as the State’s most recent list of impaired 
waterbodies.   The list (hereinafter referred to as the 303(d) List) was prepared in 
accordance with Section 303(d) of the Federal Clean Water Act to identify specific 

                                            
3 All further statutory references are to title 40 of the Code of Federal Regulations unless otherwise indicated. 



Santa Clarita Valley Sanitation District of Los Angeles County ORDER NO. R4-2009-0074 
Valencia Water Reclamation Plant NPDES NO. CA0054216 
 
 

 
Attachment F – Fact Sheet (Tentative Version 02/25/09, F-13 
Revised: 04/07/09, 04/20/09, 5/14/09, & 6/4/09) 

impaired waterbodies where water quality standards are not expected to be met after 
implementation of technology-based effluent limitations on point sources.      

Santa Clara River is on the 2006 303(d) List.  The following pollutants/stressors, from 
point and non-point sources, were identified as impacting the receiving waters: 

 
1. Santa Clara River Reach 7 (Bouquet Canyon Rd to above Lang Gauging Station, 

was named Santa Clara River Reach 9 on 2002 303(d) list) Hydro Unit 403.51 -  
Coliform Bacteria; 

 
2. Santa Clara River Reach 6 (West Pier Hwy 99 to Bouquet Cnyn Rd., was named 

Santa Clara River Reach 8 on 2002 303(d) list) Hydro Unit 403.51 – Chlorpyrifos, 
Coliform Bacteria, Diazinon, Toxicity, ammonia, and chloride; 

 
3. Santa Clara River Reach 5 (Blue cut to West Pier Hwy 99 Bridge, was named Santa 

Clara River Reach 7 on 2002 303(d) list) - Coliform Bacteria, ammonia, chloride, 
nitrate and nitrite; 

 
4. Santa Clara River Reach 3 (Freeman Diversion to A Street) – Total Dissolved 

Solids, ammonia, and chloride; 
 
5. Santa Clara River Reach 1 (Estuary to Hwy 101 Bridge) – Toxicity; 

 
6. Santa Clara River Estuary – Chem A, Coliform Bacteria, Toxaphene. 

 
E. Other Plans, Polices and Regulations 

1. Sources of Drinking Water Policy.  On May 19, 1988, the State Water Board 
adopted Resolution No. 88-63, Sources of Drinking Water (SODW) Policy, which 
established a policy that all surface and ground waters, with limited exemptions, are 
suitable or potentially suitable for municipal and domestic supply.  To be consistent 
with State Water Board’s SODW policy, on March 27, 1989, the Regional Water 
Board adopted Resolution No. 89-03, Incorporation of Sources of Drinking Water 
Policy into the Water Quality Control Plans (Basin Plans) – Santa Clara River Basin 
(4A)/ Los Angeles River Basin (4B). 

 
Consistent with Regional Water Board Resolution No. 89-03 and State Water Board 
Resolution No. 88-63, in 1994 the Regional Water Board conditionally designated all 
inland surface waters in Table 2-1 of the 1994 Basin Plan as existing, intermittent, or 
potential for Municipal and Domestic Supply (MUN).  However, the conditional 
designation in the 1994 Basin Plan included the following implementation provision: 
“no new effluent limitations will be placed in Waste Discharge Requirements as a 
result of these [potential MUN designations made pursuant to the SODW policy and 
the Regional Water Board’s enabling resolution] until the Regional Water Board 
adopts [a special Basin Plan Amendment that incorporates a detailed review of the 
waters in the Region that should be exempted from the potential MUN designations 
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arising from SODW policy and the Regional Water Board’s enabling resolution].”  On 
February 15, 2002, the USEPA clarified its partial approval (May 26, 2000) of the 
1994 Basin Plan amendments and acknowledged that the conditional designations 
do not currently have a legal effect, do not reflect new water quality standards 
subject to USEPA review, and do not support new effluent limitations based on the 
conditional designations stemming from the SODW Policy until a subsequent review 
by the Regional Water Board finalizes the designations for these waters.  This permit 
is designed to be consistent with the existing Basin Plan. 

 
2. Secondary Treatment Regulations.  Part 133 of 40 C.F.R. establishes the minimum 

levels of effluent quality to be achieved by secondary treatment.  These limitations, 
established by USEPA, are incorporated into this Order, except where more stringent 
limitations are required by other applicable plans, policies, or regulations. 

 
3. Storm Water.  CWA section 402(p), as amended by the Water Quality Act of 1987, 

requires NPDES permits for storm water discharges.  Pursuant to this requirement, 
in 1990, USEPA promulgated 40 C.F.R. Part 122.26 that established requirements 
for storm water discharges under an NPDES program.  To facilitate compliance with 
federal regulations, on November 1991, the State Water Board issued a statewide 
general permit, General NPDES Permit No. CAS000001 and Waste Discharge 
Requirements for Discharges of Storm Water Associated with Industrial Activities.  
This permit was amended in September 1992 and reissued on April 17, 1997 in 
State Water Board Order No. 97-03-DWQ to regulate storm water discharges 
associated with industrial activity. 

 
General NPDES permit No. CAS000001 is applicable to storm water discharges 
from the Valencia WRP’s premises.  On June 4, 1992, the City filed a Notice of Intent 
to comply with the requirements of the general permit.  The City developed and 
currently implements a Storm Water Pollution Prevention Plan (SWPPP), to comply 
with the State Water Board’s (Order No. 97-03-DWQ). 

 
4. Sanitary Sewer Overflows.  The Clean Water Act prohibits the discharge of 

pollutants from point sources to surface waters of the United States unless 
authorized under an NPDES permit. (33 U.S.C. §§1311, 1342).  The State Water 
Board adopted Statewide General Waste Discharge Requirements (WDRs) for 
Sanitary Sewer Systems, Water Quality Order No. 2006-0003 on May 2, 2006, to 
provide a consistent, statewide regulatory framework to address Sanitary Sewer 
Overflows (SSOs).  The WDR requires public agencies that own or operate sanitary 
sewer systems to develop and implement sewer system management plans and 
report all SSOs to the State Water Board’s online SSO database. 

 
The requirements contained in this Order in Sections VI.C.3.b, VI.C.4, and 
VI.C.5.c.6. are intended to be consistent with the requirements in the SSO WDR.  
The Regional Water Board recognizes that there are areas of overlapping interest 
between the NPDES permit conditions and the SSO WDR requirements.  The 
requirements of the SSO WDR are considered the minimum thresholds (see Finding 
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11 of WQ Order No. 2006-0003).  The Regional Water Board will accept the 
documentation prepared by the Permittee under the SSO WDR for compliance 
purposes, as satisfying the requirements in Sections VI.C.3.b, VI.C.4, and 
VI.C.5.c.6, provided for any more specific or stringent provisions enumerated in this 
Order, have also been addressed. 

 
5. Watershed Management.  This Regional Water Board has been implementing a 

Watershed Management Approach (WMA), to address water quality protection in the 
Los Angeles Region, as detailed in the Watershed Management Initiative (WMI). 
The WMI is designed to integrate various surface and ground water regulatory 
programs while promoting cooperative, collaborative efforts within a watershed. It is 
also designed to focus limited resources on key issues and use sound science.  
Information about the Santa Clara River Watershed and other watersheds in the 
region can be obtained from the Regional Water Board’s web site at 
http://www.waterboards.ca.gov/losangeles/water_issues/programs/regional_program
/index.shtml#Watershed. 

 
6. Relevant Total Maximum Daily Loads.  A Total Maximum Daily Load (TMDL) is a 

determination of the amount of a pollutant, from point, non-point, and natural 
background sources, including a margin of safety that may be discharged to a water 
quality-limited water body.  Section 303(d) of the CWA established the TMDL 
process.  The statutory requirements are codified at 40 C.F.R. Part 130.7.  TMDLs 
must be developed for the pollutants of concern, which impact the water quality of 
water bodies on the 303(d) List.   

 
a. Upper Santa Clara River Watershed Chloride TMDL – On October 24, 2002, 

the Regional Water Board adopted Resolution No. 2002-018, Amendment to the 
Basin Plan for the Los Angeles Region to Incorporate a Total Maximum Daily 
Load to Reduce Chloride Loading in the Upper Santa Clara River.  Soon after, 
the Regional Water Board submitted the TMDL to the State Water Board for 
approval.  On February 19, 2003, the State Water Board adopted Resolution No. 
2003-0014, the “Remand Resolution,” finding that the Regional Water Board staff 
prepared the documents and followed procedures satisfying environmental 
documentation requirements in accordance with the California Environmental 
Quality Act, scientific peer review, and other State laws and regulations to 
develop a TMDL.  However, the Remand Resolution directed the Regional Water 
Board to consider revising the implementation provisions of the chloride TMDL.  
On July 10, 2003, the Regional Water Board reconsidered Resolution No. 2002-
018, in light of the Remand Resolution, and adopted Resolution No. 2003-008 
which modified the chloride TMDL implementation provisions by: 
•••• Expanding the phased-TMDL approach to allow CSDLAC to complete the 

implementation tasks sequentially and within 13 years; 
•••• Extending the interim limits beyond the proposed two and a half years but 

not to exceed 13 years, so that the interim limits may remain in effect 
during the planning, construction, and execution portions of the TMDL’s 
implementation tasks; and, 
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•••• Modifying the TMDL analysis task list to include an assessment/ 
evaluation of alternative water supplies for agricultural beneficial uses. 

  
 On May 6, 2004, the Regional Water Board adopted Resolution No. 04-004, 

further modifying the Chloride TMDL by revising the chloride interim limits.  The 
Upper Santa Clara River Chloride TMDL was approved by the State Water 
Board, OAL, and USEPA on July 22, 2004, November 15, 2004, and April 28, 
2005, respectively.  It became effective on May 4, 2005. 

 
 On August 3, 2006, The Regional Water Board adopted Resolution No. R4-2006-

016, Amendment to the Water Quality Control Plan for the Los Angeles Region 
through revision of the Implementation Plan for the Upper Santa Clara River 
Chloride TMDL, which proposed to shorten the compliance period by two years, 
requiring compliance with the chloride final waste load allocation within eleven 
years from effective date of the TMDL, rather than thirteen years.  Resolution No. 
R4-2006-016 was approved by the State Water Board and OAL on May 22, 2007 
and August 15, 2007, respectively.  However, the TMDL compliance schedule 
provisions contained in Resolution No. R4-2006-016 need not be acted upon by 
USEPA separately under 303(c), because USEPA considers those TMDL 
compliance schedule provisions to have been authorized by the State Water 
Board’s Compliance Schedule Policy.  The State Water Board’s Compliance 
Schedule Policy became effective on December 17, 2008.   

 
On December 11, 2008, the Regional Water Board adopted Resolution No. R4-
2008-012, Amendment to the Water Quality Control Plan for the Los Angeles 
Region to Adopt Site Specific Chloride Objectives and to Revise the Upper Santa 
Clara River Chloride TMDL, which proposed to incorporate site specific 
objectives (SSOs) for chloride in Reaches 4B, 5, and 6 of the Santa Clara River 
and the groundwater basins underlying those reaches.  Resolution No. R4-2008-
012 is awaiting approval from the State Water Board, OAL, and USEPA. 
 

 
b. Santa Clara River Watershed Nitrogen Compounds TMDL. On August 7, 2003, 

the Regional Water Board adopted Resolution No. 2003-011, Amendment to the 
Basin Plan for the Los Angeles Region to Include a TMDL for Nitrogen Compounds 
in the Santa Clara River (Nitrogen Compounds TMDL).  The TMDL was approved 
from State Water Board, OAL, and USEPA on November 19, 2003, February 27, 
2004, and March 18, 2004, respectively.  The Santa Clara River Nitrogen 
Compounds TMDL became effective on March 23, 2004. 
    

 
IV. RATIONALE FOR EFFLUENT LIMITATIONS AND DISCHARGE SPECIFICATIONS 

The CWA requires point source dischargers to control the amount of conventional, non-
conventional, and toxic pollutants that are discharged into the waters of the United States.  
The control of pollutants discharged is established through effluent limitations and other 
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requirements in NPDES permits.  There are two principal bases for effluent limitations in 
the Code of Federal Regulations: Part 122.44(a) requires that permits include applicable 
technology-based limitations and standards; and Part 122.44(d) requires that permits 
include water quality-based effluent limitations to attain and maintain applicable numeric 
and narrative water quality criteria to protect the beneficial uses of the receiving water. 

A. Discharge Prohibitions 

Effluent and receiving water limitations in this Board Order are based on the Federal 
Clean Water Act, Basin Plan, State Water Board’s plans and policies, U.S. 
Environmental Protection Agency guidance and regulations, and best practicable waste 
treatment technology.  This order authorizes the discharge of tertiary-treated 
wastewater from Discharge Points 001 and 002, only.  It does not authorize any other 
types of discharges. 

 
B. Technology-Based Effluent Limitations 

1. Scope and Authority 

Technology-based effluent limits require a minimum level of treatment for 
industrial/municipal point sources based on currently available treatment 
technologies while allowing the discharger to use any available control techniques to 
meet the effluent limits. The 1972 CWA required POTWs to meet performance 
requirements based on available wastewater treatment technology.  Section 301 of 
the CWA established a required performance level--referred to as "secondary 
treatment"--that all POTWs were required to meet by July 1, 1977.  More specifically, 
Section 301(b)(1)(B) of the CWA required that USEPA develop secondary treatment 
standards for POTWs as defined in Section 304(d)(1).  Based on this statutory 
requirement, EPA developed national secondary treatment regulations which are 
specified in 40 C.F.R. Part 133.  These technology- based regulations apply to all 
POTWs and identify the minimum level of effluent quality to be attained by 
secondary treatment in terms of five-day biochemical oxygen demand, total 
suspended solids, and pH. 

Section 301(b) of the CWA and implementing USEPA permit regulations at part 
122.44, title 40 of the Code of Federal Regulations, require that permits include 
conditions meeting applicable technology-based requirements at a minimum, and 
any more stringent effluent limitations necessary to meet applicable water quality 
standards.   The discharge authorized by this Order must meet minimum federal 
technology-based requirements based on Secondary Treatment Standards at Part 
133 and Best Professional Judgment (BPJ) in accordance with Part 125.3. 
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2. Applicable Technology-Based Effluent Limitations 

This facility is subject to the technology-based regulations for the minimum level of 
effluent quality attainable by secondary treatment in terms of BOD520oC, TSS, and pH.  

The following Table summarizes the technology-based effluent limitations applicable to 
the Facility: 

 
Summary of Technology-based Effluent Limitations 

Discharge Points 001 and 002 
 

Table F-4. Summary of Technology-based Effluent Limitations 
Effluent Limitations 

Parameter Units Average 
Monthly 

Average 
Weekly 

Maximum 
Daily 

Instantaneous 
Minimum 

Instantaneous 
Maximum 

mg/L 20 30 45 -- -- 
BOD520°C 

lbs/day * 3600 5400 8100 -- -- 
mg/L 15 40 45 -- -- Total Suspended 

solids (TSS) lbs/day * 2700 7200 8100 -- -- 

pH standard 
units -- -- -- 6.5 8.5 

Removal Efficiency for 
BOD and TSS % 85 -- -- -- -- 

 
* The mass emission rates are based on the plant design flow rate of 21.6 MGD, and are calculated as follows: Flow(MGD) 

x Concentration (mg/L) x 8.34 (conversion factor) = lbs/day.  During wet-weather storm events in which the flow exceeds 
the design capacity, the mass discharge rate limitations shall not apply, and concentration limitations will provide the only 
applicable effluent limitations. 

 
 
 
However, this facility is also subject to technology-based effluent limitations contained in similar 
NPDES permits, for similar facilities, based on the treatment level achievable by tertiary-treated 
wastewater treatment systems.  These effluent limitations are consistent with the State Water 
Board precedential decision, State Water Board Order No. WQ 2004-0010 for the City of 
Woodland. 
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C. Water Quality-Based Effluent Limitations (WQBELs) 

1. Scope and Authority 

Section 301(b) of the CWA and part 122.44(d) require that permits include limitations 
more stringent than applicable federal technology-based requirements where 
necessary to achieve applicable water quality standards.  This Order contains 
requirements, expressed as a technology equivalence requirement, more stringent 
than secondary treatment requirements that are necessary to meet applicable water 
quality standards.  The rationale for these requirements, which consist of tertiary 
treatment or equivalent requirements or other provisions, is discussed starting from 
Section IV.C.2.b. 

 
Part 122.44(d)(1)(i) mandates that permits include effluent limitations for all 
pollutants that are or may be discharged at levels that have the reasonable potential 
to cause or contribute to an exceedance of a water quality standard, including 
numeric and narrative objectives within a standard.  Where reasonable potential has 
been established for a pollutant, but there is no numeric criterion or objective for the 
pollutant, water quality-based effluent limitations (WQBELs) must be established 
using:  (1) USEPA criteria guidance under CWA section 304(a), supplemented 
where necessary by other relevant information; (2) an indicator parameter for the 
pollutant of concern; or (3) a calculated numeric water quality criterion, such as a 
proposed state criterion or policy interpreting the state’s narrative criterion, 
supplemented with other relevant information, as provided in part 122.44(d)(1)(vi). 

The process for determining reasonable potential and calculating WQBELs when 
necessary is intended to protect the designated uses of the receiving water as 
specified in the Basin Plan, and achieve applicable water quality objectives and 
criteria that are contained in other state plans and policies, or any applicable water 
quality criteria contained in the CTR and NTR. 

2. Applicable Beneficial Uses and Water Quality Criteria and Objectives 

a. The Basin Plan establishes the beneficial uses for surface water bodies in the 
Los Angeles region.  The beneficial uses of the Santa Clara River affected by the 
discharge have been described previously in this Fact Sheet and in the WDR 
findings. 

 
b. The Basin Plan also specifies narrative and numeric water quality objectives 

applicable to surface water as shown in the following discussions. 
 
i. Table R1 summarizes the applicable water quality criteria/objective for priority 

pollutants reported in detectable concentrations in the effluent or receiving 
water.  These criteria were used in conducting the Reasonable Potential 
Analysis for this Order. 
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ii. Biochemical Oxygen Demand (BOD) and Suspended solids 
 
Biochemical oxygen demand (BOD) is a measure of the quantity of the 
organic matter in the water and, therefore, the water’s potential for becoming 
depleted in dissolved oxygen.  As organic degradation takes place, bacteria 
and other decomposers use the oxygen in the water for respiration. 
 
Unless there is a steady re-supply of oxygen to the system, the water will 
quickly become depleted of oxygen.  Adequate dissolved oxygen levels are 
required to support aquatic life.  Depressions of dissolved oxygen can lead to 
anaerobic conditions resulting in odors, or, in extreme cases, in fish kills.  

40 C.F.R., Part 133 describes the minimum level of effluent quality attainable 
by secondary treatment, for BOD and suspended solids, as: 

a. the monthly average shall not exceed 30 mg/L; and, 
b. the 7-day average shall not exceed 45 mg/L. 

 
The upgraded Valencia WRP will provide tertiary treatment, as such, the 
limits in the permit are more stringent than secondary treatment requirements.  
The Plant will achieve solids removal rates that are better than secondary-
treated wastewater by adding a coagulant to enhance the precipitation of 
solids, and by filtering the effluent. 

In addition to having mass-based and concentration-based effluent limitations 
for BOD and suspended solids, the Valencia WRP also has a percent 
removal requirement for these two constituents.  In accordance with 40 
C.F.R. Parts 133.102(a)(3) and 133.102(b)(3), the 30-day average percent 
removal shall not be less than 85 percent.  Percent removal is defined as a 
percentage expression of the removal efficiency across a treatment plant for a 
given pollutant parameter, as determined from the 30-day average values of 
the raw wastewater influent pollutant concentrations to the facility and the 30-
day average values of the effluent pollutant concentrations for a given time 
period. 

iii. pH 
 

The hydrogen ion activity of water (pH) is measured on a logarithmic scale, 
ranging from 0 to 14. While the pH of “pure” water at 25°C is 7.0, the pH of 
natural waters is usually slightly basic due to the solubility of carbon dioxide 
from the atmosphere.  Minor changes from natural conditions can harm 
aquatic life.  The effluent limitation for pH which reads, ”the wastes 
discharged shall at all times be within the range of 6.5 to 8.5,” is taken from 
the Basin Plan (page 3-15) which reads” the pH of inland surface waters shall 
not be depressed below 6.5 or raised above 8.5 as a result of waste 
discharge. 
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iv. Settleable solids 
 

Excessive deposition of sediments can destroy spawning habitat, blanket 
benthic (bottom dwelling) organisms, and abrade the gills of larval fish.  The 
limits for settleable solids are based on the Basin Plan (page 3-16) narrative, 
“Waters shall not contain suspended or settleable material in concentrations 
that cause nuisance or adversely affect beneficial uses.” The numeric limits 
are empirically based on results obtained from the settleable solids 1-hour 
test, using an Imhoff cone. 

It is impracticable to use a 7-day average limitation, because short-term 
spikes of settleable solid levels that would be permissible under a 7-day 
average scheme would not be adequately protective of all beneficial uses.  

v. Oil and Grease 
 

Oil and grease are not readily soluble in water and form a film on the water 
surface.  Oily films can coat birds and aquatic organisms, impacting 
respiration and thermal regulation, and causing death.  Oil and grease can 
also cause nuisance conditions (odors and taste), are aesthetically 
unpleasant, and can restrict a wide variety of beneficial uses.  The limits for 
oil and grease are based on the Basin Plan (page 3-11) narrative, “Waters 
shall not contain oils, greases, waxes, or other materials in concentrations 
that result in a visible film or coating on the surface of the water or on objects 
in the water, that cause nuisance, or that otherwise adversely affect beneficial 
uses.”  

The numeric limits are empirically based on concentrations at which an oily 
sheen becomes visible in water. It is impracticable to use a 7-day average 
limitation, because spikes that occur under a 7-day average scheme could 
cause visible oil sheen.  A 7-day average scheme would not be sufficiently 
protective of beneficial uses.  

vi. Residual chlorine 
 

Disinfection of wastewaters with chlorine produces chlorine residual.  Chlorine 
and its reaction products are toxic to aquatic life.  The limit for residual 
chlorine is based on the Basin Plan (page 3-9) narrative, “Chlorine residual 
shall not be present in surface water discharges at concentrations that 
exceed 0.1 mg/L and shall not persist in receiving waters at any concentration 
that causes impairment of beneficial uses.”  

It is impracticable to use a 7-day average or a 30-day average limitation, 
because it is not as protective as of beneficial uses as a daily maximum 
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limitation is.  Chlorine is very toxic to aquatic life and short-term exposures of 
chlorine may cause fish kills. 

 

vii. Total Dissolved Solids, Sulfate, and Boron 
 

The limits for total dissolved solids, sulfate, and boron are based on Basin 
Plan Table 3-8 (page 3-12), for the Santa Clara River Watershed (Between 
West Pier  Highway 99 and Blue Cut Gauging Station).  TDS = 1000 mg/L; 
Sulfate = 400 mg/L; and Boron = 1.5 mg/L. It is practicable to express these 
limits as monthly averages, since they are not expected to cause acute 
effects on beneficial uses.  These limits will protect waters of the US and 
prevent degradation. 

Limits based upon the Basin Plan Objectives have been included in this Order 
because, based upon Best Professional Judgment, these constituents are 
always present in potable water which is the supply source of the wastewater 
entering the Treatment Plant.  They may be present in concentrations which 
meet California drinking water standards but exceed the Basin Plan Objectives. 
Therefore, limitations are warranted to protect the beneficial uses of the 
receiving water. 
 

viii. Chloride 
 

The water quality objective for chloride in the Basin Plan Table 3-8 (page 3-12), 
for Santa Clara River Watershed (Between West Pier  Highway 99 and Blue cut 
Gauging Station)  is 100 mg/L. However, the 100 mg/L effluent limit for chloride 
changed to different numbers resulting from several resolutions or Board 
Orders. 
 
In 1990, the Regional Water Board adopted Resolution 90-04, Effects of 
Drought-Induced Water Supply Changes and Water Conservation Measures on 
Compliance with Waste Discharge Requirements within the Los Angeles 
Region (the Drought Policy).  Resolution 90-04 was intended to provide short-
term and temporary relief to dischargers who were unable to comply with limits 
for chloride due to effects of drought on chloride levels in supply waters 
imported into the Region.  For dischargers who applied for relief under the 
Drought Policy, the chloride limit was temporarily reset at the lesser of: (I) 250 
mg/L, or (ii) the chloride concentrations in supply waters plus 85 mg/L. 
 
The drought Policy was renewed twice, once in June 1993 and in February 
1995.  It was set to expire on February 27, 1997, or earlier if it was determined 
that imported water supply chloride levels had returned to pre-drought 
conditions.  
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On January 27, 1997, the Regional Water Board adopted Resolution No. 97-02, 
Amendment to the Water Quality Control Plan to incorporate a Policy for 
Addressing Levels of Chloride in Discharges of Wastewaters.  It was approved 
by the State Water Board (SWRCB Resolution 97-94); approved by the Office 
of Administrative Law (OAL) on January 8, 1998; and served to grant a variance 
(interim relief) to dischargers listed in Resolution 97-02’s Attachment A.  For the 
Santa Clara River (Between West Pier  Highway 99 and Blue cut Gauging 
Station) the interim limit was set as 190 mg/L, and was intended to last for 3 
years following final approval of the amendment.  The adoption of Resolution 
No. 97-02 also served to rescind Resolution No. 90-04 (the Drought Policy). 
 
On April 13, 1998, the Regional Water Board adopted Order No. 98-027, which 
temporarily amended Valencia WRP’s chloride daily maximum effluent limit to 
190 mg/L.  This interim limit expired on January 9, 2001. 
 
On December 7, 2000, the Regional Water Board adopted Resolution No. 
2000-21, which granted modified interim limits for Discharges to Santa Clara 
River until December 7, 2001.  The chloride interim limit became 143 mg/L as a 
12-month rolling average with an instantaneous maximum of 180 mg/L.  
However, this Resolution never went into effect because it was not submitted to 
OAL for approval. 

 
On October 24, 2002, the Regional Water Board adopted Resolution No. R4-
2002-018, the Upper Santa Clara River Chloride Total Maximum Daily Load.  
The TMDL used the 100 mg/L objective in the Basin Plan to establish a 
concentration-based waste load allocation of 100 mg/L for the Valencia WRP. 

 
On February 19, 2003, the State Water Board adopted Resolution No. 2003-
0014, Remanding the TMDL back to the Regional Water Board for revision of 
the chloride TMDL implementation schedule.  
 
On July 10, 2003, the Regional Water Board reconsidered Resolution No. 
2002-018, in light of the Remand Resolution, and adopted Resolution No. 
2003-008 which modified the chloride TMDL implementation provisions. 
 
On May 6, 2004, the Regional Water Board adopted Resolution No. 04-004, 
further modifying the Chloride TMDL by revising the chloride interim limits.  
The Upper Santa Clara River Chloride TMDL was approved by the State 
Water Board, OAL, and USEPA on July 22, 2004, November 15, 2004, and 
April 28, 2005, respectively.  It became effective on May 4, 2005.  
 
On August 3, 2006, the Regional Water Board adopted Resolution No. R4-
2006-016, Amendment to the Water Quality Control Plan for the Los Angeles 
Region through revision of the Implementation Plan for the Upper Santa Clara 
River Chloride TMDL, which proposed to shorten the compliance period by 
two years, requiring compliance with the chloride final waste load allocation 
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within eleven years from effective data of the TMDL, rather than thirteen 
years.  Resolution No. R4-2006-016 was approved by the State Water Board 
on May 22, 2007, but is awaiting approval from OAL and USEPA. 
 
On December 11, 2008, the Regional Water Board adopted Resolution No. 
R4-2008-012, Amendment to the Water Quality Control Plan for the Los 
Angeles Region to Adopt Site Specific Chloride Objectives and to Revise the 
Upper Santa Clara River Chloride TMDL, which proposed to incorporate site 
specific objectives (SSOs) for chloride in Reaches 4B, 5, and 6 of the Santa 
Clara River and the groundwater basins underlying those reaches.  The 
TMDL provides a ten-year schedule to attain compliance with the SSOs for 
chloride.  The SSOs are conditioned on full and on-going implementation of 
the alternative water resources management (AWRM) program.  If the AWRM 
system is not built and operated, the water quality objectives for chloride 
revert back to the current levels in the Basin Plan, which are 100 mg/L.  
Implementation actions to achieve SSOs in Reaches 4B, 5, and 6 and the 
TMDL must also result in compliance with downstream water quality 
objectives for chloride.  Interim WLAs for chloride shall remain in effect for no 
more than ten years after the effective date of the TMDL.  However, the final 
conditional Waste Load Allocations for chloride in Reaches 4B, 5, and 6 shall 
apply by May 5, 2015.  Resolution No. R4-2008-012 is awaiting approval from 
the State Water Board, OAL, and USEPA. 

 
 
 

ix. Methylene Blue Activated Substances (MBAS) 
 

The MBAS procedure tests for the presence of anionic surfactants 
(detergents) in surface and ground waters.  Surfactants disturb the water 
surface tension, which affects insects and can affect gills in aquatic life.  The 
MBAS can also impart an unpleasant soapy taste to water, as well as cause 
scum and foaming in waters, which impact the aesthetic quality of both 
surface and ground waters. 

Given the nature of the facility (a POTW) which accepts domestic washwater 
into the sewer system and treatment plant, and the characteristics of the 
wastes discharged, the discharge has reasonable potential to exceed both 
the numeric MBAS water quality objective (WQO) and the narrative WQO for 
prohibition of floating material such as foams and scums. Therefore, an 
effluent limitation is required. 

The discharge from the Valencia WRP may have reasonable potential to 
contribute to an exceedance of the 0.5 mg/L WQO. The 0.5 mg/L  
concentration (which has been determined to be protective of beneficial uses 
and the aesthetic quality of waters) is based on the Department of Public 
Health’s (formerly known as the Department of Health Services) secondary 
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drinking water standard, and on the Basin Plan WQO (p.3-11) which reads, 
“Waters shall not have MBAS concentrations greater than 0.5 mg/L in waters 
designated MUN.” While the wastewater from this POTW is not directly 
discharged into a MUN designated surface water body, it will percolate into 
unlined reaches of the Santa Clara River [via ground water recharge 
designated beneficial use (GWR)] to ground water designated for MUN 
beneficial use. In addition, the Basin Plan states that “Ground water shall not 
contain taste or odor-producing substances in concentrations that cause 
nuisance or adversely affect beneficial uses.” Therefore, the secondary MCL 
should be the MBAS limit for this discharge to protect ground water recharge 
and the MUN use of the underlying ground water, while also protecting 
surface waters from exhibiting scum or foaming.  

Since the Basin Plan objective is based on a secondary drinking water 
standard, it is practicable to have a monthly average limitation in the permit, 
rather than a daily maximum. 

x. Total Inorganic Nitrogen 
 

Total inorganic nitrogen is the sum of Nitrate-nitrogen and Nitrite-nitrogen. 
High nitrate levels in drinking water can cause health problems in humans.  
Infants are particularly sensitive and can develop methemoglobinemia (blue-
baby syndrome).  Nitrogen is also considered a nutrient.  Excessive amounts 
of nutrients can lead to other water quality impairments, ex. algae. 

(1) Concentration-based Limit - The effluent limit for total inorganic nitrogen 
(NO2-N + NO3-N) of 6.8 mg/L is based on the Santa Clara River 
Watershed Nitrogen Compounds TMDL Waste Load Allocation which was 
assigned to the Valencia WRP. 

 
(2) Mass-based Limit – Since the TMDL does not specify any mass-based 

WLA for nitrate plus nitrite as nitrogen, mass bases limits are not included 
for NO2-N + NO3-N. 

 
xi. Nitrite as Nitrogen and Nitrate as Nitrogen 

 
The effluent limit for nitrite as nitrogen (NO2-N) of 0.9 mg/L is based on the 
Santa Clara River Watershed Nitrogen Compound TMDL Waste Load 
Allocation which was assigned to the Valencia WRP.   The effluent limit for 
nitrate as nitrogen (NO3-N) of 6.8 mg/L is based on the Santa Clara River 
Watershed Nitrogen Compound TMDL Waste Load Allocation which was 
assigned to the Valencia WRP.  Since the TMDL does not specify any mass-
based WLA for nitrate as nitrogen or nitrite as nitrogen, mass bases limits are 
not included for either of the two constituents. 

xii. Ammonia Nitrogen 
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Ammonia is a pollutant routinely found in the wastewater effluent of Publicly 
Owned Treatment Works (POTWs), in landfill-leachate, as well as in run-off 
from agricultural fields where commercial fertilizers and animal manure are 
applied. Ammonia exists in two forms – un-ionized ammonia (NH3) and the 
ammonium ion (NH4

+). They are both toxic, but the neutral, un-ionized 
ammonia species (NH3) is much more toxic, because it is able to diffuse 
across the epithelial membranes of aquatic organisms much more readily 
than the charged ammonium ion.  The form of ammonia is primarily a function 
of pH, but it is also affected by temperature and other factors.  Additional 
impacts can also occur as the oxidation of ammonia lowers the dissolved 
oxygen content of the water, further stressing aquatic organisms. Oxidation of 
ammonia to nitrate may lead to groundwater impacts in areas of recharge.  
[There is groundwater recharge in these reaches].  Ammonia also combines 
with chlorine (often both are present in POTW treated effluent discharges) to 
form chloramines – persistent toxic compounds that extend the effects of 
ammonia and chlorine downstream. 

The 1994 Basin Plan contained water quality objectives for ammonia to 
protect aquatic life, in Tables 3-1 through Tables 3-4.  However, those 
ammonia objectives were revised on April 25, 2002, by the Regional Water 
Board, with the adoption of Resolution No. 2002-011, Amendment to the 
Water Quality Control Plan for the Los Angeles Region to Update the 
Ammonia Objectives for Inland Surface Waters (including enclosed bays, 
estuaries and wetlands) with Beneficial Use designations for protection of 
Aquatic Life.  Resolution No. 2002-011 was approved by the State Water 
Board, OAL, and USEPA on April 30, 2003, June 5, 2003, and June 19, 2003, 
respectively, and is now in effect.   

 
On December 1, 2005, the Regional Water Board adopted Resolution No. 
2005-014, An Amendment to the Water Quality Control Plant for the Los 
Angeles Region to Revise Early Life Stage Implementation Provision of the 
Freshwater Ammonia Objectives for Inland Surface Waters (including 
enclosed bays, estuaries and wetlands) for Protection of Aquatic Life.  This 
amendment contains ammonia objectives to protect Early Life Stages (ELS) 
of fish in inland surface water supporting aquatic life.  This resolution was 
approved by the USEPA on April 5, 2007.  This amendment revised the 
implementation provision included as part of the freshwater ammonia 
objectives relative to the protection of ELS of fish in inland surface waters. 

 
On June 7, 2007, the Regional Water Board adopted Resolution No. 2007-
005, Amendments to the Water Quality Control Plan-Los Angeles Region-To 
Incorporate Site-Specific Objectives for Select Inland Surface Waters in the 
San Gabriel River, Los Angeles River and Santa Clara River Watersheds.  
This amendment to the Basin Plan incorporates site-specific 30-day average 
objectives for ammonia along with corresponding site-specific early life stage 
implementation provisions for select waterbody reaches and tributaries in the 
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Santa Clara, Los Angeles, and San Gabriel River watersheds.  The State 
Water Board, OAL, and USEPA approved this Basin Plan amendment on 
January 15, 2008, May 12, 2008, and March 30, 2009, respectively.  
However, the ammonia nitrogen limitations contained in the accompanying 
Order do not reflect the ammonia SSO criteria.  
 
Separate ammonia effluent limitations, incorporating the 30-day average SSO 
in the ammonia translation procedures, have not been included in the effluent 
limitations table at this time, because the Santa Clara River Watershed 
Nitrogen Compound TMDL (Resolution No. 03-011) has not been revised to 
incorporate the 30-day average SSO ammonia criteria into the WLAs.  The 
Implementation Plan of Resolution No. 03-011 allows for the reconsideration 
of WLAs based on monitoring data and special studies.  However, the Order 
does contain a permit re-opener that would allow the permit to be reopened, 
at a later date, to incorporate revised ammonia nitrogen limits, following the 
effective date of the TMDL revision.   
 
Therefore, the monthly average effluent limit of 1.75 mg/L and the daily 
maximum effluent limit of 5.2 mg/L for ammonia as nitrogen (NH3-N) are 
based on the Santa Clara River Watershed Nitrogen Compound TMDL Waste 
Load Allocations which were assigned to the Valencia WRP. 
 
   

xiii. Coliform Bacteria 
 

Total and fecal coliform bacteria are used to indicate the likelihood of 
pathogenic bacteria in surface waters.  Given the nature of the facility, a 
wastewater treatment plant, pathogens are likely to be present in the effluent 
in cases where the disinfection process is not operating adequately.  As such, 
the permit contains the following:  

i. Effluent Limitations: 

• The 7 day median number of coliform organisms at some point in the 
treatment process must not exceed a Most Probable Number (MPN) 
or Colony Forming Unit (CFU) of 2.2 per 100 milliliters, and 

 
• The number of coliform organisms must not exceed an MPN or CFU 

of 23 per 100 milliliters in more than one sample within any 30-day 
period. 

 
These disinfection-based effluent limitations for coliform are for human health 
protection and are consistent with requirements established by the 
Department of Public Health (formerly known as the Department of Health 
Services).  These limits for coliform must be met at the point of the treatment 



Santa Clarita Valley Sanitation District of Los Angeles County ORDER NO. R4-2009-0074 
Valencia Water Reclamation Plant NPDES NO. CA0054216 
 
 

 
Attachment F – Fact Sheet (Tentative Version 02/25/09, F-28 
Revised: 04/07/09, 04/20/09, 5/14/09, & 6/4/09) 

train immediately following disinfection, as a measure of the effectiveness of 
the disinfection process. 

ii. Receiving Water Limitation 

• Geometric Mean Limits 
∗ E.coli density shall not exceed 126/100 mL. 
∗ Fecal coliform density shall not exceed 200/100 mL. 

 

• Single Sample Limits 
∗ E.coli density shall not exceed 235/100 mL. 
∗ Fecal coliform density shall not exceed 400/100 mL. 

 

These receiving water limitations are based on Resolution No. 01-018, 
Amendment to the Water Quality Control Plan for the Los Angeles Region to 
Update the Bacteria Objectives for Water Bodies Designated for Water 
Contact Recreation, adopted by the Regional Water Board on October 25, 
2001. The Resolution was approved by State Water Board, OAL, and 
USEPA, on July 18, 2002, September 19, 2002, and September 25, 2002, 
respectively. 

xiv. Temperature 
 
USEPA document, Quality Criteria for Water 1986 [EPA 440/5-86-001, May 1, 
1986], also referred to as the Gold Book, discusses temperature and its 
effects on beneficial uses, such as recreation and aquatic life. 

• The Federal Water Pollution Control Administration in 1967 called 
temperature “a catalyst, a depressant, an activator, a restrictor, a 
stimulator, a controller, a killer, and one of the most important water 
quality characteristics to life in water.”  The suitability of water for total 
body immersion is greatly affected by temperature.  Depending on the 
amount of activity by the swimmer, comfortable temperatures range from 
20°C to 30°C (68 °F to 86 °F). 

 
• Temperature also affects the self-purification phenomenon in water bodies 

and therefore the aesthetic and sanitary qualities that exist.  Increased 
temperatures accelerate the biodegradation of organic material both in the 
overlying water and in bottom deposits which makes increased demands 
on the dissolved oxygen resources of a given system.  The typical 
situation is exacerbated by the fact that oxygen becomes less soluble as 
water temperature increases.  Thus, greater demands are exerted on an 
increasingly scarce resource which may lead to total oxygen depletion and 
obnoxious septic conditions.  Increased temperature may increase the 
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odor of water because of the increased volatility of odor-causing 
compounds.  Odor problems associated with plankton may also be 
aggravated. 

 
• Temperature changes in water bodies can alter the existing aquatic 

community.  Coutant (1972) has reviewed the effects of temperature on 
aquatic life reproduction and development.  Reproductive elements are 
noted as perhaps the most thermally restricted of all life phases, assuming 
other factors are at or near optimum levels.  Natural short-term 
temperature fluctuations appear to cause reduced reproduction of fish and 
invertebrates. 

 
The Basin Plan lists temperature requirements for the receiving waters.  
Based on the requirements of the Basin Plan and a white paper developed by 
Regional Water Board staff entitled Temperature and Dissolved Oxygen 
Impacts on Biota in Tidal Estuaries and Enclosed Bays in the Los Angeles 
Region, a maximum effluent temperature limitation of 86 °F is included in the 
Order.  The white paper evaluated the optimum temperatures for steelhead, 
topsmelt, ghost shrimp, brown rock crab, jackknife clam, and blue mussel.  
The new temperature effluent limitation is reflective of new information 
available that indicates that the 100°F temperature which was formerly used 
in permits was not protective of aquatic organisms.  A survey was completed 
for several kinds of fish and the 86°F temperature was found to be protective. 
It is impracticable to use a 7-day average or a 30-day average limitation for 
temperature, because it is not as protective as of beneficial uses as a daily 
maximum limitation is.  A daily maximum limit is necessary to protect aquatic 
life and is consistent with the fishable/swimmable goals of the CWA. 

xv. Turbidity 
 

Turbidity is an expression of the optical property that causes light to be 
scattered in water due to particulate matter such as clay, silt, organic matter, 
and microscopic organisms.  Turbidity can result in a variety of water quality 
impairments.  The effluent limitation for turbidity which reads, “For the 
protection of the water contact recreation beneficial use, the wastes 
discharged to water courses shall have received adequate treatment, so that 
the turbidity of the wastewater does not exceed: (a) a daily average of 5 
Nephelometric turbidity units (NTUs) more than 5 percent of the time (72 
minutes) during any 24 hour period; and (b) 2 NTUs at any time,” is based on 
the Basin Plan’s incorporation by reference of Title 22 and the definition of 
filtered wastewater.  In comparison to other POTWs in this region, the 
turbidity limit for the Valencia WRP is consistent with those of POTWs which 
have filtration as part of their treatment process.  The limitation, therefore 
reflects what the technology (of choice by the Discharger) is designed to 
achieve.  
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xvi. Radioactivity 
 

Radioactive substances are generally present in natural waters in extremely 
low concentrations.  Mining or industrial activities increase the amount of 
radioactive substances in waters to levels that are harmful to aquatic life, 
wildlife, or humans.  Section 301(f) of the CWA contains the following 
statement with respect to effluent limitations for radioactive substances: 
“Notwithstanding any other provisions of this Act it shall be unlawful to 
discharge any radiological, chemical, or biological warfare agent, any high-
level radioactive waste, or any medical waste, into the navigable waters.”   
Chapter 5.5 of the California Water Code contains a similar prohibition under 
Section 13375, which reads as follows: “The discharge of any radiological, 
chemical, or biological warfare agent into the waters of the state is hereby 
prohibited.” However, rather than give a hard and fast absolute prohibition on 
radioactive substances, Regional Water Board staff have set the following 
effluent limit for radioactivity: “Radioactivity of the wastes discharged shall not 
exceed the limits specified in Title 22, Chapter 15, Article 5, Section 64443, of 
the California Code of Regulations, or subsequent revisions.”  The limit is 
based on the Basin Plan incorporation of Title 22, Drinking Water Standards, 
by reference, to protect beneficial uses.  Therefore, the accompanying Order 
will retain the limit for radioactivity. 

xvii. Iron 
 

The previous Order had an effluent limitation of 300 µg/L for iron, which was 
based on the USEPA document, Quality Criteria for Water 1986 [EPA 
440/5-86-001, May 1, 1986], also referred to as the Gold Book, for the 
protection of GWR beneficial use.  300 µg/L was also the secondary MCL 
for iron.  The limit was retained because the discharge had RP to contribute 
to an exceedance of the narrative WQO. 
 

xviii. Total trihalomethanes 
 

Total trihalomethanes is the sum of concentrations of the trihalomethane 
compounds: bromodichloromethane, bromoform, chloroform, and 
dibromochloromethane.  Many of the Basin Plan’s WQOs for the 
protection of the MUN beneficial use are based on the incorporation of 
Title 22 MCLs by reference.  However, the MCLs for disinfection 
byproducts (Table 64533-A of Title 22) were not referenced on pages 3-8 
and 3-18 of the Basin Plan.  Despite that omission, Regional Board staff 
believe that it is relevant to use the MCL for total trihalomethanes to 
protect human health.  Total trihalomethanes are produced at the Valencia 
WRP as by-products of the disinfection process. Although the individual 
trihalomethanes did not trigger RP to exceed the criteria, the sum of the 
trihalomethane concentrations did have RP to contribute to an 
exceedance of the 80 µg/L MCL.  Regional Board staff used best 
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professional judgment, the Title 22 MCL, and the Federal USEPA MCL for 
total trihalomethanes, to translate the following Basin Plan narrative 
WQOs into a numeric limitation:  
 “Surface waters shall not contain concentrations of chemical 
constituents in amounts that adversely affect any designated beneficial 
use,” and  
 “Ground waters shall not contain concentrations of chemical 
constituents in amounts that adversely affect any designated beneficial 
use.” 

 
The California Toxic Rule (CTR) and State Implementation Policy (SIP) specify 
numeric objectives for toxic substances and the procedures whereby these objectives 
are to be implemented.  The procedures include those used to conduct reasonable 
potential analysis to determine the need for effluent limitations for priority pollutants.  
The Technical Support Document (TSD) specifies the procedures to conduct 
reasonable potential analyses for non-priority pollutants. 

 
3. Determining the Need for WQBELs 

The Regional Water Board developed WQBELs for ammonia-nitrogen, nitrite-
nitrogen, nitrate-nitrogen, nitrite plus nitrite as nitrogen, and chloride based upon 
Total Maximum Daily Loads (TMDLs).  The effluent limitations for these pollutants 
were established regardless of whether or not there is reasonable potential for the 
pollutants to be present in the discharge at levels that would cause or contribute to a 
violation of water quality standards.  The Regional Water Board developed water 
quality-based effluent limitations for these pollutants pursuant to part 
122.44(d)(1)(vii), which does not require or contemplate a reasonable potential 
analysis.  The Regional Water Board has determined that the WQBEL is consistent 
with the assumptions of the TMDL.  Similarly, compliance with the effluent limitation 
will satisfy the requirements of the TMDL.  Similarly, the SIP at Section 1.3 
recognizes that reasonable potential analysis is not appropriate if a TMDL has been 
developed. 
 
In accordance with Section 1.3 of the SIP, the Regional Water Board conducted a 
reasonable potential analysis for each priority pollutant with an applicable criterion or 
objective to determine if a WQBEL is required in the permit.  The Regional Water 
Board analyzed effluent data to determine if a pollutant in a discharge has a 
reasonable potential to cause or contribute to an excursion above a state water 
quality standard.  Regional Water Board staff mainly focused on the effluent data set 
generated since the effective date of the existing NPDES Order, and on the 
receiving water data from January 2004 to December 2007.  An average receiving 
water harness value of 400 mg/L was used to calculate the CTR criteria for 
hardness-dependent metals.  However, individual hardness receiving water data 
points were capped at 400 mg/L prior to averaging, consistent with the CTR 
preamble.     For all parameters that demonstrate reasonable potential, numeric 
WQBELs are required.  The RPA considers water quality criteria from the CTR and 
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NTR, and when applicable, water quality objectives specified in the Basin Plan.  To 
conduct the RPA, the Regional Water Board staff would normally identified the 
maximum effluent concentration (MEC) and maximum background concentration in 
the receiving water for each constituent, based on data provided by the Discharger. 
 
Section 1.3 of the SIP provides the procedures for determining reasonable potential 
to exceed applicable water quality criteria and objectives.  The SIP specifies three 
triggers to complete a RPA: 

 
Trigger 1 – If the MEC is greater than or equal to the CTR water quality criteria or 

applicable objective (C), a limitation is needed. 
 

Trigger 2 – If background water quality (B) > C and the pollutant is detected in the 
effluent, a limitation is needed. 

 
Trigger 3 – If other related information such as CWA 303(d) listing for a pollutant, 

discharge type, compliance history, then best professional judgment is 
used to determine that a limit is needed. 

 
Sufficient effluent and ambient data are needed to conduct a complete RPA.  If data 
are not sufficient, the Discharger will be required to gather the appropriate data for 
the Regional Water Board to conduct the RPA.  Upon review of the data, and if the 
Regional Water Board determines that WQBELs are needed to protect the beneficial 
uses, the permit will be reopened for appropriate modification. 
 
The RPA was performed for the priority pollutants regulated in the CTR for which 
data are available.  Based on the SIP RPA, there was reasonable potential for the 
Discharge to contribute to an exceedance of the CTR criteria for mercury and 
selenium.  Based on the TSD RPA, there was reasonable potential for the Discharge 
to contribute to an exceedance of the federal MCL for the following pollutants: 
arsenic and iron.    

 
4. WQBEL Calculations 

a. Calculation Options. Once RPA has been conducted using either the TSD or 
the SIP methodologies, WQBELs are calculated.  Alternative procedures for 
calculating WQBELs include: 

  
• Use WLA from applicable TMDL 
• Use a steady-state model to derive Maximum Daily Effluent Limits and 

Average Monthly Effluent Limits. 
• Where sufficient data exist, use a dynamic model which has been 

approved by the State Water Board. 
 
b. SIP Calculation Procedure. Section 1.4 of the SIP requires the step-by-step 

procedure to “adjust” or convert CTR numeric criteria into Average Monthly 



Santa Clarita Valley Sanitation District of Los Angeles County ORDER NO. R4-2009-0074 
Valencia Water Reclamation Plant NPDES NO. CA0054216 
 
 

 
Attachment F – Fact Sheet (Tentative Version 02/25/09, F-33 
Revised: 04/07/09, 04/20/09, 5/14/09, & 6/4/09) 

Effluent Limitations (AMELs) and Maximum Daily Effluent Limitations (MDELs), 
for toxics. A table providing the calculation for all applicable WQBELs for this 
Order is provided in Table R1 of this Order. 

 
Step 3 of Section 1.4 of the SIP (page 8) lists the statistical equations that adjust 
CTR criteria for effluent variability. 
 
Step 5 of Section 1.4 of the SIP (page 10) lists the statistical equations that 
adjust CTR criteria for averaging periods and exceedance frequencies of the 
criteria/objectives.  This section also reads, “For this method only, maximum daily 
effluent limitations shall be used for publicly-owned treatment works (POTWs) in 
place of average weekly limitations. 
 
Hypothetical example calculation for mercury: 
 

Step 1:  Identify applicable water quality criteria. 
 
From California Toxics Rule (CTR), we can obtain the Criterion Maximum 
Concentration (CMC) and the Criterion Continuous Concentration (CCC).   
  

Freshwater Aquatic Life Criteria: 
 CMC = reserved, none available and 
 CCC = reserved, none available; and 
Human Health Criteria for Organisms only = 0.051 µg/L (CTR page 31712, 

column D2). 
 
Step 2:  Calculate effluent concentration allowance (ECA)  

 
ECA = Criteria in CTR, since no dilution is allowed. 
 

Step 3:  Determine long-term average (LTA) discharge condition    
   

i. Calculate CV: 
  

CV = Standard Deviation/Mean 
  = 0.3 
 
Since there is no applicable CTR aquatic life criteria, you can’t calculate 
an aquatic life CTR-based limit. 

 
Step 4:  Select the lowest LTA 

 
 N/A, no aquatic life criteria. 

 
Step 5:  Calculate the Average Monthly Effluent Limitation (AMEL) & 

Maximum Daily Effluent Limitation (MDEL) for AQUATIC LIFE 
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N/A, no aquatic life criteria. 

  
Step 6:  Find the Average Monthly Effluent Limitation (AMEL) & Maximum 

Daily Effluent Limitation (MDEL) for HUMAN HEALTH 
 

i. Find factors. Given CV = 0.3 and n = 4. 
 
For AMEL human health limit, there is no factor. 
The MDEL/AMEL human health factor = 1.50 
 
ii. AMEL human health = ECA = 0.051 µg/L 
 
iii. MDEL human health = ECA x MDEL/AMEL factor 
  = 0.051 µg/L x 1.50  = 0.0765 µg/L 

 
Step 7:  Compare the AMELs for Aquatic life and Human health and select 

the lowest.  Compare the MDELs for Aquatic life and Human health 
and select the lowest 

 
i. Lowest AMEL = 0.051 µg/L (Based on Human health protection) 

 
ii. Lowest MDEL = 0.077 µg/L (Based on Human health protection) 

 
 
c. Impracticability Analysis. 
 Federal NPDES regulations contained in Subsection 122.45 40 CFR for 

continuous dischargers, states that all permit limitations, standards, and 
prohibitions, including those to achieve water quality standards, shall unless 
impracticable be stated as maximum daily and average monthly discharge 
limitations for all dischargers other than POTWs. 

 
As stated by USEPA in its long standing guidance for developing water quality-
based effluent limitations (WQBELs) average alone limitations are not practical 
for limiting acute, chronic, and human health toxic effects. 
 
For example, a POTW sampling for a toxicant to evaluate compliance with a 7-
day average limitation could fully comply with this average limit, but still be 
discharging toxic effluent on one, two, three, or up to four of these seven days 
and not be meeting 1-hour average acute criteria or 4-day average chronic 
criteria.  For these reason, USEPA recommends daily maximum and 30-day 
average limits for regulating toxics in all NPDES discharges.  For the purposes of 
protecting the acute effects of discharges containing toxicants (CTR human 
health for the ingestion of fish), daily maximum limitations can be established in 
NPDES permits for substances such as mercury, because they are considered to 
be carcinogens, endocrine disruptors, and biocumulative. 
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A 7-day average alone would not protect one, two, three, or fours days of 
discharging pollutants in excess of the acute and chronic criteria.  Fish exposed 
to these endocrine disrupting chemicals will be passed on to the human 
consumer. Endocrine disrupters alter hormonal functions by several means.  
These substances can: 
• mimic or partly mimic the sex steroid hormones estrogens and androgens 

(the male sex hormone) by binding to hormone receptors or influencing cell 
signaling pathways. 

• block, prevent and alter hormonal binding to hormone receptors or 
influencing cell signaling pathways.  

• alter production and breakdown of natural hormones.  
• modify the making and function of hormone receptors. 

 
d. Mass based limits.  40 C.F.R. Part 122.45(f)(1) requires that except under 

certain conditions, all permit limits, standards, or prohibitions be expressed in 
terms of mass units. 40 C.F.R. Part 122.45(f)(2) allows the permit writer, at the 
writer’s discretion, to express limits in additional units (e.g., concentration units). 
The regulations mandate that, where limits are expressed in more than one unit, 
the permittee must comply with both. 

 
Generally, mass-based limits ensure that proper treatment, and not dilution, is 
employed to comply with the final effluent concentration limits.  Concentration-
based effluent limits, on the other hand, discourage the reduction in treatment 
efficiency during low-flow periods and require proper operation of the treatment 
units at all times.  In the absence of concentration-based effluent limits, a 
permittee would be able to increase its effluent concentration (i.e., reduce its 
level of treatment) during low-flow periods and still meet its mass-based limits.  
To account for this, this permit includes mass and concentration limits for some 
constituents. 
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Summary of Water Quality-based Effluent Limitations 
Discharge Points 001 and 002 

 
Table F-5. Summary of Water Quality-based Effluent Limitations 

Effluent Limitations 
Parameter Units Average 

Monthly 
Average 
Weekly 

Maximum 
Daily 

Instantaneous 
Minimum 

Instantaneous 
Maximum 

µg/L 0.051 -- 0.094 -- -- Mercury4 
lbs/day1 0.0092 -- 0.017 -- -- 

µg/L 4.4 -- 7.3 -- -- Selenium 2 
lbs/day1 0.79 -- 1.3 -- -- 

µg/L 10 -- -- -- -- Arsenic 2 
lbs/day1 1.8 -- -- -- -- 

µg/L 300 -- -- -- -- Iron5 
lbs/day1 54 -- -- -- -- 

µg/L 80 -- -- -- -- Total trihalomethanes6 
lbs/day1 14 -- -- -- -- 

 

                                            
4  These pollutants had Tier 2 reasonable potential, because the concentration of these pollutants exceeded 

the applicable water quality objective in the receiving water (upstream of the discharge), and the pollutants 
were present in the effluent. 

 
5  Iron had RP to contribute to an exceedance of the MCL-based Basin Plan WQO, using the TSD RP method 

in table R2. 
 
6  Total trihalomethanes is the sum of concentrations of the trihalomethane compounds: 

bromodichloromethane, bromoform, chloroform, and dibromochloromethane.  This limit is based on the 
Basin Plan WQO incorporation of MCLs by reference. Total trihalomethanes had RP to contribute to an 
exceedance of the MCL-based Basin Plan WQO.  
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5. Whole Effluent Toxicity (WET) 

The permit contains effluent limitations for toxicity based upon the Basin Plan.  
 
In general, toxicity numeric effluent limitations can be based on: 

 
a. 40 C.F.R. Part 122.44(d)(v) – limits on whole effluent toxicity are necessary when 

chemical-specific limits are not sufficient to attain and maintain applicable numeric 
or narrative water quality standards; 

 
b. 40 C.F.R. Part 122.44(d)(vi)(A) – where a State has not developed a water 

quality criterion for a specific pollutant that is present in the effluent and has 
reasonable potential, the permitting authority can establish effluent limits using 
numeric water quality criterion; 

 
c. Basin Plan objectives and implementation provisions for toxicity; 
 
d. USEPA Regions IX & X Guidance for Implementing Whole Effluent Toxicity 

Programs Final May 31, 1996; 
 
e. Whole Effluent Toxicity (WET) Control Policy July 1994; and, 
 
f. Technical Support Document (several chapters and Appendix B). 
 
However, the circumstances warranting a numeric chronic toxicity effluent limitation 
when there is reasonable potential were under review by the State Water Resources 
Control Board (State Water Board) in SWRCB/OCC Files A-1496 & A-1496(a) [Los 
Coyotes/Long Beach Petitions].  On September 16, 2003, at a public hearing, the 
State Water Board adopted Order No. 2003-0012 deferring the issue of numeric 
chronic toxicity effluent limitations until Phase II of the SIP is adopted.  In the mean 
time, the State Water Board replaced the numeric chronic toxicity limit with a 
narrative effluent limitation and a 1 TUc trigger, in the Long Beach and Los Coyotes 
WRP NPDES permits. 
 
a. Acute Toxicity Limitation: 
 

The Dischargers may test for acute toxicity by using USEPA’s Methods for 
Measuring the Acute Toxicity of Effluents and Receiving Waters to Freshwater and 
Marine Organisms, October 2002 (EPA-821-R-02-012).  Acute toxicity provisions in 
the accompanying Order are derived from the Basin Plan’s toxicity standards 
(Basin Plan 3-16 and 3-17).  The provisions require the Discharger to accelerate 
acute toxicity monitoring and take further actions to identify the source of toxicity 
and to reduce acute toxicity. 
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b. Chronic Toxicity Limitation and Requirements:  

 
Chronic toxicity provisions in the accompanying Order are derived from the Basin 
Plan’s toxicity standards (Basin Plan 3-16 and 3-17).  The provisions require the 
Discharger to accelerate chronic toxicity monitoring and take further actions to 
identify the source of toxicity and to reduce chronic toxicity. The monthly median 
trigger of 1.0 TUc for chronic toxicity is based on USEPA Regions 9 & 10 
Guidance for Implementing Whole Effluent Toxicity (WET) Programs Final May 31, 
1996 (Chapter 2 – Developing WET Permitting Conditions, page 2-8).  In cases 
where effluent receives no dilution or where mixing zones are not allowed, the I.0 
TUc chronic criterion should be expressed as a monthly median. The “median” is 
defined as the middle value in a distribution, above which and below which lie an 
equal number of values. For example, if the results of the WET testing for a 
month were 1.5, 1.0, and 1.0 TUc, the median would be 1.0 TUc. 
 
The previous Order contained a narrative chronic toxicity effluent limitation with a 
trigger for accelerated monitoring.  This Order contains similar chronic toxicity 
requirements.  

 
 

D. Final Effluent Limitations 

1. Satisfaction of Anti-Backsliding Requirements 

The effluent limitations in this Order are at least as stringent as the effluent 
limitations in the previous Order, with the exception of effluent limitations for fluoride, 
antimony, nickel, zinc, cyanide, acrylonitrile, tetrachloroethylene, bis(2-ethylhexyl) 
phthalate, 1,4-Dichlorobenzene, and lindane (gamma-BHC).  The effluent limitations 
for these pollutants are deleted because they did not show reasonable potential to 
be in the effluent water.  This relaxation of effluent limitations is consistent with the 
anti-backsliding requirements of the CWA and federal regulations. 

 
2. Satisfaction of Antidegradation Policy 

On October 28, 1968, the State Water Board adopted Resolution No. 68-16, 
Maintaining High Quality Water, which established an antidegradation policy for 
State and Regional Water Boards.  The State Water Board has, in State Water 
Board Order No. 86-17 and an October 7, 1987 guidance memorandum, interpreted 
Resolution No. 68-16 to be fully consistent with the federal antidegradation policy.  
Similarly, the CWA (section 304(d)(4)(B)) and USEPA regulations (40 C.F.R., Part 
131.12) require that all permitting actions be consistent with the federal 
antidegradation policy.  Together, the State and Federal policies are designed to 
ensure that a water body will not be degraded resulting from the permitted 
discharge.  The provisions of this Order are consistent with the antidegradation 
policies. 
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3. Stringency of Requirements for Individual Pollutants 

This Order contains both technology-based and water quality-based effluent 
limitations for individual pollutants.  The technology-based effluent limitations consist 
of restrictions on BOD, TSS, pH, and percent removal of BOD and TSS.  
Restrictions on BOD, TSS and pH are discussed in Section IV.B. of the Fact Sheet.  
This Order’s technology-based pollutant restrictions implement the minimum, 
applicable federal technology-based requirements. 
 
Water quality-based effluent limitations have been scientifically derived to implement 
water quality objectives that protect beneficial uses.  Both the beneficial uses and 
the water quality objectives have been approved pursuant to federal law and are the 
applicable federal water quality standards.  To the extent that toxic pollutant water 
quality-based effluent limitations were derived from the CTR, the CTR is the 
applicable standard pursuant to part 131.38.  The scientific procedures for 
calculating the individual water quality-based effluent limitations for priority pollutants 
are based on the CTR-SIP, which was approved by USEPA on May 18, 2000.  Most 
beneficial uses and water quality objectives contained in the Basin Plan were 
approved under state law and submitted to and approved by USEPA prior to May 
30, 2000.  Any water quality objectives and beneficial uses submitted to USEPA 
prior to May 30, 2000, but not approved by USEPA before that date, are nonetheless 
“applicable water quality standards for purposes of the CWA” pursuant to part 
131.21(c)(1).  For the most part, this Order’s restrictions on individual pollutants are 
no more stringent than required to implement the requirements of the CWA. 
 
The Discharger has not submitted any economic information to indicate what the 
cost of complying with this Order would be.  As discussed in other sections of the 
Fact Sheet, the individual pollutant restrictions are reasonably necessary to protect 
beneficial uses identified in the Basin Plan, and the economic information related to 
costs of compliance are not sufficient, in the Regional Water Board’s determination, 
to justify failing to protect beneficial uses.  
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Summary of Final Effluent Limitations 

Discharge Point 001 and 002 
 

Table F-6. Summary of Final Effluent Limitations 
Effluent Limitations 

Parameter Units Average 
Monthly 

Average 
Weekly 

Max. 
Daily 

Instant-
aneous 

Minimum 

Instant-
aneous 

Max. 

Basis 

mg/L 
 

20 30 45 -- -- 
Existing 

Biochemical Oxygen 
Demand 5-day @ 20°C lbs/day7 

 
3600 5400 8100 -- -- 

calculated 

mg/L 
 

15 
40 

45 -- -- 
Existing 

Total Suspended Solids 
lbs/day 7 

 
2700 7200 8100 -- -- 

Calculated 

pH standard 
units -- -- -- 6.5 8.5 Existing 

Settleable Solids 
 

ml/L 0.1 
-- 

0.3 -- -- 
Existing 

mg/L 10 -- 15 -- -- Existing 
Oil and grease 

lbs/day7 1800  2700 -- -- Calculated 
Total Residual Chlorine 
 

mg/L -- 
-- 

0.1 -- -- 
Existing 

Chloride 
 

mg/L -- 
-- 

1008 -- -- 
TMDL 

mg/L 
1000 

 
-- 

-- -- -- 
Existing 

Total dissolved solids 
lbs/day7 

180,000 
 

 
   

Calculated 

Sulfate 
 

mg/L 
400  

 
-- 

-- -- -- 
Existing 

                                            
7  The mass emission rates are based on the plant design flow rate of 21.6 MGD, and are calculated as 

follows: Flow(MGD) x Concentration (mg/L) x 8.34 (conversion factor) = lbs/day.  During wet-weather storm 
events in which the flow exceeds the design capacity, the mass discharge rate limitations shall not apply, 
and concentration limitations will provide the only applicable effluent limitations. 

 
8  This limitation is derived from the waste load allocation for chloride, as set forth in the Chloride TMDL for 

the Upper Santa Clara River, Resolution No. 004-004, Revision of interim waste load allocations and 
implementation plan for chloride in the Amendment to the Water Quality Control Plan for the Los Angeles 
Region to include a TMDL for Chloride in the Upper Santa Clara River (Resolution No. 03-008), adopted by 
the Regional Water Board on May 6, 2004.  This effluent limitation is superseded by the interim effluent limit 
for chloride, based upon the interim waste load allocation, shown in Table 7 of this NPDES Order.  The 
WLA-based final effluent limit for chloride shall become operative 13 years after the effective date of the 
Upper Santa Clara River Chloride TMDL. 
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Effluent Limitations 

Parameter Units Average 
Monthly 

Average 
Weekly 

Max. 
Daily 

Instant-
aneous 

Minimum 

Instant-
aneous 

Max. 

Basis 

lbs/day7 
72,000 

 
-- 

-- -- -- 
Calculated 

mg/L 1.5 -- -- -- -- Existing 
Boron 

lbs/day7 270 -- -- -- -- Calculated 
mg/L 0.5 -- -- -- -- Existing MBAS 

 lbs/day7 90 -- -- -- -- Calculated 
Ammonia Nitrogen (NH3-N) 
 

mg/L 1.759 
-- 

5.2 9 -- -- 
TMDL 

Nitrate + Nitrite as Nitrogen 
(NO3-N + NO2-N) 
 

mg/L 6.8 9 -- -- -- -- 
TMDL 

Nitrite as Nitrogen (NO2-N) 
 

mg/L 0.9 9 
-- 

-- -- -- 
TMDL 

Nitrate as N ( NO3-N) 
 

mg/L 6.8 9 -- -- -- -- 
TMDL 

µg/L 10 -- -- -- -- Basin Plan 
MCL 

Arsenic 

lbs/day7 1.8 -- -- -- -- Calculated 
µg/L 0.051 -- 0.094 -- -- CTR/SIP Mercury 

lbs/day7 0.0092 -- 0.017 -- -- Calculated 
µg/L 4.4 -- 7.3 -- -- CTR/SIP Selenium 

lbs/day7 0.79 -- 1.3 -- -- Calculated 

µg/L 300 -- -- -- -- Basin Plan 
MCL 

Iron 

lbs/day7 54 -- -- -- -- Calculated 
µg/L 80 -- -- -- -- Basin Plan 

MCL 
Total trihalomethanes10 

lbs/day7 14 -- -- -- -- Calculated 

 
 
 

                                            
9  This limitation is derived from the final waste load allocation, as set forth in Resolution No. 03-011, 

Amendment to the Water Quality Control Plan for the Los Angeles Region to include a TMDL for Nitrogen 
Compounds in the Santa Clara River, adopted by the Regional Water Board on August 7, 2003.  The TMDL 
Implementation section specifies that the Waste Load Allocation shall become operative after the 
completion of additional treatment or modifications to achieve WLAs by POTWs, in as short a period of time 
as possible, but no later than eight years after the effective date of the TMDL (before March 23, 2012).  At 
the Regional Water Board’s discretion, interim limits based upon the interim waste load allocations, were 
allowed for a period not to exceed five years from the effective date of the TMDL.  Since the Valencia WRP 
has completed its nitrification/denitrification upgrades, this effluent limitation is in effect. 

 
10  Total trihalomethanes is the sum of concentrations of the trihalomethane compounds: 

bromodichloromethane, bromoform, chloroform, and dibromochloromethane.  This limit is based on the 
Basin Plan WQO incorporation of MCLs by reference. 
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E. Interim Effluent Limitations 

Interim effluent limitations are based upon the applicable TMDLs for the Santa Clara 
River Watershed. 

 
F. Land Discharge Specifications 

Not Applicable. 
 

G. Reclamation Specifications 

The discharger currently recycles treated effluent and plans on increasing the amount of 
water it recycles.  The production, distribution, and reuse of recycled water for direct, 
non-potable applications are presently regulated under Water Reclamation 
Requirements (WRR) Order No. 87-48, adopted by this Regional Water Board on April 
27, 1987. 

 
V. RATIONALE FOR RECEIVING WATER LIMITATIONS 

A. Surface Water 

Receiving water limitations are based on water quality objectives contained in the Basin 
Plan and are a required part of this Order.  The discharge shall not cause the following 
in the Santa Clara River.  

 
B. Groundwater 

Limitations in this Order must protect not only surface receiving water beneficial uses, 
but also, the beneficial uses of underlying groundwater where there is a recharge 
beneficial use of the surface water. In addition to a discharge to surface water, there is 
discharge that can impact groundwater. Sections of the Santa Clara River, near the 
Valencia WRP discharge points, are designated as GWR beneficial use. Surface water 
from the Santa Clara River percolates into the Groundwater Basins listed in Table F-3b 
of this fact sheet. Since groundwater from these Basins is used to provide drinking 
water to the community, the groundwater aquifers should be protected.  The existing 
groundwater monitoring program is being retained. 
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VI. RATIONALE FOR MONITORING AND REPORTING REQUIREMENTS  

Part 122.48 requires that all NPDES permits specify requirements for recording and 
reporting monitoring results.  California Water Code sections 13267 and 13383 authorize 
the Regional Water Board to require technical and monitoring reports.  The Monitoring and 
Reporting Program (MRP), Attachment E of this Order, establishes monitoring and 
reporting requirements to implement federal and state requirements.  The following 
provides the rationale for the monitoring and reporting requirements contained in the MRP 
for this facility. 

A. Influent Monitoring 

Influent monitoring is required: 

• To determine compliance with the permit conditions for BOD5 20°C and suspended 
solids removal rates; 

• To assess treatment plant performance; 
• To assess the effectiveness of the Pretreatment Program (once a pretreatment 

program is in place); and, 
• As a requirement of the Pollution Minimization Program 

 
B. Effluent Monitoring 

The Discharger is required to conduct monitoring of the permitted discharges in order to 
evaluate compliance with permit conditions.  Monitoring requirements are given in the 
proposed Monitoring and Reporting Program (Attachment E).  This provision requires 
compliance with the Monitoring and Reporting Program, and is based on 40 C.F.R. 
Parts 122.44(i), 122.62,122.63, and 124.5.  The Monitoring and Reporting Program is a 
standard requirement in almost all NPDES permits (including the proposed Order) 
issued by the Regional Water Board.  In addition to containing definition of terms, it 
specifies general sampling/analytical protocols and the requirements of reporting spills, 
violation, and routine monitoring data in accordance with NPDES regulations, the 
California Water Code, and Regional Water Board policies.  The Monitoring and 
Reporting Program also contains sampling program specific for the Discharger’s 
wastewater treatment plant.  It defines the sampling stations and frequency, pollutants 
to be monitored, and additional reporting requirements.  Pollutants to be monitored 
include all pollutants for which effluent limitations are specified.  Further, in accordance 
with Section 1.3 of the SIP, a periodic monitoring is required for all priority pollutants 
defined by the CTR, for which criteria apply and for which no effluent limitations have 
been established, to evaluate reasonable potential to cause or contribute to an 
excursion above a water quality standard. 
 
Monitoring for those pollutants expected to be present in the discharge from the facility, 
will be required as shown on the proposed Monitoring and Reporting Program 
(Attachment E) and as required in the SIP.  Monitoring requirements are largely 
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unchanged from the previous Order.  However, the frequency of monitoring has been 
reduced for those pollutants which no longer have effluent limits, due to the fact that 
there is no longer any reasonable potential for those pollutants to cause or contribute to 
an exceedance.  Semi-annual monitoring for priority pollutants in the effluent is required 
in accordance with the Pretreatment requirements. 

 
C. Whole Effluent Toxicity Testing Requirements 

Whole effluent toxicity (WET) protects the receiving water quality from the aggregate 
toxic effect of a mixture of pollutants in the effluent.  An acute toxicity test is conducted 
over a short time period and measures mortality.  A chronic toxicity test is conducted 
over a longer period of time and may measure mortality, reproduction, and growth. 
 
This requirement establishes conditions and protocol by which compliance with the 
TMDL WLA for toxicity, consistent with Section 4.0 of the SIP.  Conditions include 
required monitoring and evaluation of the effluent for acute and chronic toxicity and a 
1.0 TUc numerical value for chronic toxicity, to be used as ‘triggers’ for initiating 
accelerated monitoring and toxicity reduction evaluation(s). 

 
D. Receiving Water Monitoring 

1. Surface Water 

Receiving water monitoring is required to determine compliance with receiving water 
limitations and to characterize the water quality of the receiving water. 

 
2. Groundwater 

Groundwater monitoring is required to determine compliance with groundwater 
limitations and to track impacts to the groundwater basins. 

 
E. Other Monitoring Requirements 

1. Watershed Monitoring and Bioassessment Monitoring 
 

The goals of the Watershed-wide Monitoring Program including the bioassessment 
monitoring for the Santa Clara River Watershed are to: 
• Determine compliance with receiving water limits; 
• Monitor trends in surface water quality; 
• Ensure protection of beneficial uses; 
• Provide data for modeling contaminants of concern;  
• Characterize water quality including seasonal variation of surface waters within 

the watershed; 
• Assess the health of the biological community; and 
• Determine mixing dynamics of effluent and receiving waters in the estuary. 
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VII. RATIONALE FOR PROVISIONS 

A. Standard Provisions 

Standard Provisions, which apply to all NPDES permits in accordance with part 122.41, 
and additional conditions applicable to specified categories of permits in accordance 
with part 122.42, are provided in Attachment D.  The discharger must comply with all 
standard provisions and with those additional conditions that are applicable under part 
122.42. 

Part 122.41(a)(1) and (b) through (n) establish conditions that apply to all State-issued 
NPDES permits.  These conditions must be incorporated into the permits either 
expressly or by reference.  If incorporated by reference, a specific citation to the 
regulations must be included in the Order.  Part 123.25(a)(12) allows the state to omit or 
modify conditions to impose more stringent requirements.  In accordance with part 
123.25, this Order omits federal conditions that address enforcement authority specified 
in Part 122.41, subsections (j)(5) and (k)(2), because the enforcement authority under 
the California Water Code is more stringent.  In lieu of these conditions, this Order 
incorporates by reference California Water Code section 13387(e). 

B. Special Provisions 

1. Reopener Provisions 

This provision is based on 40 C.F.R. Part 123.  The Regional Water Board may 
reopen the permit to modify permit conditions and requirements.  Causes for 
modifications include the promulgation of new regulations, modification in sludge use 
or disposal practices, or adoption of new regulations by the State Water Board or 
Regional Water Board, including revisions to the Basin Plan. 

 
2. Special Studies and Additional Monitoring Requirements 

a. Antidegradation Analysis and Engineering Report for Proposed Plant 
Expansion. This provision is based on the State Water Resources Control Board 
Resolution No. 68-16, which requires the Regional Water Board, in regulating the 
discharge of waste, to maintain high quality waters of the State.  The Discharger 
must demonstrate that it has implemented adequate controls (e.g., adequate 
treatment capacity) to ensure that high quality waters will be maintained. This 
provision requires the Discharger to clarify that it has increased plant capacity 
through the addition of new treatment system(s) to obtain alternative effluent 
limitations for the discharge from the treatment system(s). This provision requires 
the Discharger to report specific time schedules for the plant’s projects. This 
provision requires the Discharger to submit a report to the Regional Water Board 
for approval. 
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b. Operations Plan for Proposed Expansion. This provision is based on Section 
13385(j)(1)(D) of the California Water Code and allows a time period not to 
exceed 90 days in which the Discharger may adjust and test the treatment 
system(s). This provision requires the Discharger to submit an Operations Plan 
describing the actions the Discharger will take during the period of adjusting and 
testing to prevent violations. 

 
c. Treatment Plant Capacity. The treatment plant capacity study required by this 

Order shall serve as an indicator to the Regional Water Board regarding the 
Facility’s increasing hydraulic capacity and growth in the service area. 

 
3. Best Management Practices and Pollution Prevention 

Pollutant Minimization Program. This provision is based on the requirements of 
Section 2.4.5 of the SIP. 
 

4. Construction, Operation, and Maintenance Specifications 

This provision is based on the requirements of 40 C.F.R. 122.41(e) and the previous 
Order. 
 

5. Special Provisions for Municipal Facilities (POTWs Only) 

a. Biosolids Requirements.  To implement CWA Section 405(d), on February 19, 
1993, USEPA promulgated 40 C.F.R. Part 503 to regulate the use and disposal 
of municipal sewage sludge.  This regulation was amended on September 3, 
1999.  The regulation requires that producers of sewage sludge meet certain 
reporting, handling, and disposal requirements.  It is the responsibility of the 
Discharger to comply with said regulations that are enforceable by USEPA, 
because California has not been delegated the authority to implement this 
program.  The Discharger is also responsible for compliance with WDRs and 
NPDES permits for the generation, transport and application of biosolids issued 
by the State Water Board, other Regional Water Boards, Arizona Department of 
Environmental Quality or USEPA, to whose jurisdiction the Facility’s biosolids will 
be transported and applied. 

 
b. This permit contains pretreatment requirements consistent with applicable 

effluent limitations, national standards of performance, and toxic and 
performance effluent standards established pursuant to Sections 208(b), 301, 
302, 303(d), 304, 306, 307, 403, 404, 405, and 501 of the CWA, and 
amendments thereto. This permit contains requirements for the implementation 
of an effective pretreatment program pursuant to Section 307 of the CWA; 40 
C.F.R. Parts 35 and 403; and/or Section 2233, Title 23, California Code of 
Regulations. 
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c. Spill Reporting Requirements. This Order established a reporting protocol for 
how different types of spills, overflow or bypasses of raw or partially treated 
sewage from its collection system or treatment plant covered by this Order shall 
be reported to regulatory agencies. 

 
The State Water Board issued General Waste Discharge Requirements for 
Sanitary Sewer Systems, Water Quality Order No. 2006-0003-DWQ (General 
Order) on May 2, 2006. The General Order requires public agencies that own or 
operate sanitary sewer systems with greater than one mile of pipes or sewer  
lines to enroll for coverage under the General Order. The General Order requires 
agencies to develop sanitary sewer management plans (SSMPs) and report all 
sanitary sewer overflows (SSOs), among other requirements and prohibitions. 

 
Furthermore, the General Order contains requirements for operation and 
maintenance of collection systems and for reporting and mitigating sanitary 
sewer overflows. The Discharger must comply with both the General Order and 
this Order.   

 
6. Other Special Provisions 

Not applicable. 
 

7. Compliance Schedules 

The compliance schedules and the interim limits in Section IV.A.2.a of the 
accompanying NPDES Order are authorized under TMDLs (Basin Plan 
Amendments) which have been adopted by the Regional Water Board and approved 
by USEPA.  However, interim limits and compliance schedules may be provided in 
an administratively issued Time Schedule Order if the permit effective date precedes 
the TMDL effective date.  The Santa Clara River Chloride TMDL includes tasks and 
milestone dates for various studies.  

 
VIII. PUBLIC PARTICIPATION 

The Regional Water Board is considering the issuance of waste discharge requirements 
(WDRs) that will serve as a National Pollutant Discharge Elimination System (NPDES) 
permit for the Valencia Water Reclamation Plant.  As a step in the WDR adoption process, 
the Regional Water Board staff has developed tentative WDRs.  The Regional Water Board 
encourages public participation in the WDR adoption process. 

A. Notification of Interested Parties 

The Regional Water Board has notified the Discharger and interested agencies and 
persons of its intent to prescribe waste discharge requirements for the discharge and 
has provided them with an opportunity to submit their written comments and 
recommendations.  Notification was provided by posting a notice in a newspaper of 
local circulation and by posting a notice at the Valencia Water Reclamation Plant. 
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B. Written Comments 

The staff determinations are tentative.  Interested persons are invited to submit written 
comments concerning these tentative WDRs.  Comments must be submitted either in 
person or by mail to the Executive Office at the Regional Water Board at the address 
above on the cover page of this Order. 

To be fully responded to by staff and considered by the Regional Water Board, written 
comments on the tentative dated February 25, 2009, must be received at the Regional 
Water Board offices by 12 p.m. (Noon) on March 27, 2009.   Written comments on the 
revised tentative dated April 7, 2009, must be received at the Regional Water Board 
offices by 12 p.m. (Noon) on April 20, 2009.  

C. Public Hearing 

The Regional Water Board will hold a public hearing on the tentative WDRs during its 
regular Board meeting on the following date and time and at the following location: 

Date:   June 4, 2009 
Time:   9:00 AM 
Location:  Pasadena City Hall 
 Council Chambers  
 100 North Garfield Avenue 
 Pasadena, California 

 
Interested persons are invited to attend.  At the public hearing, the Regional Water 
Board will hear testimony, if any, pertinent to the discharge, WDRs, and permit.  Oral 
testimony will be heard; however, for accuracy of the record, important testimony should 
be in writing. 

Please be aware that dates and venues may change.  Our Web address is 
http://www.waterboards.ca.gov/losangeles/ where you can access the current agenda 
for changes in dates and locations. 

 
D. Nature of Hearing 

This will be a formal adjudicative hearing pursuant to section 648 et seq. of title 23 of 
the California Code of Regulations.  Chapter 5 of the California Administrative 
Procedure Act (commencing with section 11500 of the Government Code) will not apply 
to this proceeding.   
 
Ex Parte Communications Prohibited:  As a quasi-adjudicative proceeding, no board 
member may discuss the subject of this hearing with any person, except during the 
public hearing itself.  Any communications to the Regional Water Board must be 
directed to staff. 
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E. Parties to the Hearing 

The following are the parties to this proceeding: 
 
1. The applicant/permittee 
2. Regional Water Board Staff 
 
Any other persons requesting party status must submit a written or electronic request to 
staff not later than [20] business days before the hearing.  All parties will be notified if 
other persons are so designated.   

 
F. Public Comments and Submittal of Evidence 

Persons wishing to comment upon or object to the tentative waste discharge 
requirements, or submit evidence for the Board to consider, are invited to submit them in 
writing to the above address.  To be evaluated and responded to by staff, included in the 
Board’s agenda folder, and fully considered by the Board, written comments on the 
tentative dated February 25, 2009, must be received no later than 12 p.m. (Noon) on 
March 27, 2009.  Written comments on the revised tentative dated April 7, 2009, must 
be received at the Regional Water Board offices by 12 p.m. (Noon) on April 20, 2009. 

Comments or evidence received after that date will be submitted, ex agenda, to the Board 
for consideration, but only included in administrative record with express approval of the 
Chair during the hearing. Additionally, if the Board receives only supportive comments, 
the permit may be placed on the Board’s consent calendar, and approved without an 
oral testimony.  

 
G. Hearing Procedure 

The meeting, in which the hearing will be a part of, will start at 9:00 a.m.  Interested 
persons are invited to attend.  Staff will present the matter under consideration, after 
which oral statements from parties or interested persons will be heard.  For accuracy of 
the record, all important testimony should be in writing.  The Board will include in the 
administrative record written transcriptions of oral testimony that is actually presented at 
the hearing.  Oral testimony may be limited to 30 minutes maximum or less for each 
speaker, depending on the number of persons wishing to be heard.  Parties or persons 
with similar concerns or opinions are encouraged to choose one representative to speak.  
At the conclusion of testimony, the Board will deliberate in open or close session, and 
render a decision.   
 
Parties or persons with special procedural requests should contact staff. Any procedure 
not specified in this hearing notice will be waived pursuant to section 648(d) of title 23 of 
the California Code of Regulations.  Objections to any procedure to be used during this 
hearing must be submitted in writing not later than close of [15] business days prior to the 
date of the hearing.  Procedural objections will not be entertained at the hearing.   
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If there should not be a quorum on the scheduled date of this meeting, all cases will be 
automatically continued to the next scheduled meeting on July 16, 2009.  A continuance 
will not extend any time set forth herein. 

 
H. Waste Discharge Requirements Petitions 

Any aggrieved person may petition the State Water Resources Control Board to review 
the decision of the Regional Water Board regarding the final WDRs. The petition must 
be submitted within 30 days of the Regional Water Board’s action to the following 
address: 

State Water Resources Control Board 
Office of Chief Counsel 
P.O. Box 100, 1001 I Street 
Sacramento, CA 95812-0100 

I. Information and Copying 

The Report of Waste Discharge (RoWD), related documents, tentative effluent 
limitations and special provisions, comments received, and other information are on file 
and may be inspected at the address above at any time between 8:30 a.m. and 4:45 
p.m., Monday through Friday. Copying of documents may be arranged through the 
Regional Water Board by calling (213) 576-6600. 

J. Register of Interested Persons 

Any person interested in being placed on the mailing list for information regarding the 
WDRs and NPDES permit should contact the Regional Water Board, reference this 
facility, and provide a name, address, and phone number. 

K. Additional Information 

Requests for additional information or questions regarding this order should be directed 
to Veronica Cuevas at (213) 576-6662. 
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ATTACHMENT G 
 

GENERIC TOXICITY REDUCTION EVALUATION (TRE) WORKPLAN 
POTW 

 
1. Information and Data Acquisition 

a. Operations and performance review 
i. NPDES permit requirements 

(1) Effluent limitations 
(2) Special conditions 
(3) Monitoring data and compliance history 

ii. POTW design criteria 
(1) Hydraulic loading capacities 
(2) Pollutant loading capacities 
(3) Biodegradation kinetics calculations/assumptions 

iii. Influent and effluent conventional pollutant data 
(1) Biochemical oxygen demand (BOD5) 
(2) Chemical oxygen demand (COD) 
(3) Suspended solids (SS) 
(4) Ammonia 
(5) Residual chlorine 
(6) pH 

iv. Process control data 
(1) Primary sedimentation - hydraulic loading capacity and BOD and SS 

removal  
(2) Activated sludge - Food-to-microorganism (F/M) ratio, mean cell 

residence time (MCRT), mixed liquor suspended solids (MLSS), 
sludge yield, and BOD and COD removal 

(3) Secondary clarification - hydraulic and solids loading capacity, sludge 
volume index and sludge blanket depth 

v. Operations information 
(1) Operating logs 
(2) Standard operating procedures 
(3) Operations and maintenance practices 

vi. Process sidestream characterization data 
(1) Sludge processing sidestreams 
(2) Tertiary filter backwash 
(3) Cooling water 

vii. Combined sewer overflow (CSO) bypass data 
(1) Frequency 
(2) Volume 

viii. Chemical coagulant usage for wastewater treatment and sludge processing 
(1) Polymer 
(2) Ferric chloride 
(3) Alum 
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b. POTW influent and effluent characterization data 
i. Toxicity 
ii. Priority pollutants 
iii. Hazardous pollutants 
iv. SARA 313 pollutants 
v. Other chemical-specific monitoring results 

c. Sewage residuals (raw, digested, thickened and dewatered sludge and 
incinerator ash) characterization data 
i. Extraction Procedure (EP) toxicity 
ii. Toxicity Characteristic Leaching Procedure (TCLP) 
iii. Chemical analysis 

d. Industrial waste survey (IWS) 
i. Information on Industrial Users (lUs) with categorical standards or local limits 

and other significant non-categorical lUs 
ii. Number of lUs 
iii. Discharge flow 
iv. Standard Industrial Classification (SIC) code 
v. Wastewater flow 

(1) Types and concentrations of pollutants in the discharge 
(2) Products manufactured 

vi. Description of pretreatment facilities and operating practices 
vii. Annual pretreatment report 
viii. Schematic of sewer collection system 
ix. POTW monitoring data 

(1) Discharge characterization data 
(2) Spill prevention and control procedures 
(3) Hazardous waste generation 

x. Industrial User (IU) self-monitoring data 
(1) Description of operations 
(2) Flow measurements 
(3) Discharge characterization data 
(4) Notice of sludge loading 
(5) Compliance schedule (if out of compliance) 

xi. Technically based local limits compliance reports 
xii. Waste hauler monitoring data manifests 
xiii. Evidence of POTW treatment interferences (i.e., biological process 

inhibition) 
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ATTACHMENT I 

BIOSOLIDS USE AND DISPOSAL REQUIREMENTS 
 
1. All biosolids generated by the Discharger shall be reused or disposed of in compliance 

with the applicable portions of: 
 

a. 40 C.F.R. Part 503: for biosolids that are land applied, placed in surface disposal sites 
(dedicated land disposal sites or monofills), or incinerated; 40 C.F.R. 503 Subpart B 
(land application) applies to biosolids placed on the land for the purpose of providing 
nutrients or conditioning the soil for crops or vegetation. 40 C.F.R. 503 Subpart C 
(surface disposal) applies to biosolids placed on the land for the purpose of disposal. 

 
b. 40 C.F.R. Part 258: for biosolids disposed of in Municipal Solid Waste landfills. 
 
c. 40 C.F.R. Part 257: for all biosolids disposal practices not covered under 40 C.F.R. 

Parts 258 or 503. 
 

2. The Discharger is responsible for assuring that all biosolids from its facility are used or 
disposed of in accordance with 40 C.F.R. Part 503, whether the Discharger reuses or 
disposes of the biosolids itself or transfers them to another party for further treatment, 
reuse, or disposal. The Discharger is responsible for informing subsequent preparers, 
appliers, or disposers of the requirements they must meet under 40 C.F.R. Part 503. 

 
3. Duty to mitigate: The Discharger shall take all reasonable steps to prevent or minimize any 

biosolids use or disposal which may adversely impact human health or the environment. 
 
4. No biosolids shall be allowed to enter wetland or other waters of the United States. 
 
5. Biosolids treatment, storage, and use or disposal shall not contaminate groundwater. 
 
6. Biosolids treatment, storage, and use or disposal shall not create a nuisance such as 

objectionable odors or flies. 
 
7. The Discharger shall assure that haulers who transport biosolids off- site for further 

treatment, storage, reuse, or disposal take all necessary measures to keep the biosolids 
contained. 

 
8. If biosolids are stored for over two years from the time they are generated, the Discharger 

must ensure compliance with all the requirements for surface disposal under 40 C.F.R. 
Part 503 Subpart C, or must submit a written request to EPA with the information in Part 
503.20 (b), requesting permission for longer temporary storage. 
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9. Sewage sludge containing more than 50 mg/kg PCB's shall be disposed of in accordance 
with 40 C.F.R. Part 761. 

 
10. Any off-site biosolids treatment, storage, use or disposal site operated by the Discharger 

within Region 4 (Los Angeles Region of RWQCB) that is not subject to its own Waste 
Discharge Requirements shall have facilities adequate to divert surface runoff from the 
adjacent area, to protect the site boundaries from erosion, and to prevent any conditions 
that would cause drainage from the materials in the disposal site to escape from the site. 
Adequate protection is defined as protected from at least a 100-year storm and from the 
highest tidal stage that may occur. 

 
11. Inspection and Entry: The Regional Board, USEPA or an authorized representative 

thereof, upon the presentation of credentials, shall be allowed by the Discharger, directly 
or through contractual arrangements with their biosolids management contractors, to: 

 
a. enter upon all premises where biosolids are produced by the Discharger and all 

premises where Discharger biosolids are further treated, stored, used, or disposed, 
either by the Discharger or by another party to whom the Discharger transfers the 
biosolids for further treatment, storage, use, or disposal; 

 
b. have access to and copy any records that must be kept under the conditions of this 

permit or of 40 C.F.R. Part 503, by the Discharger or by another party to whom the 
Discharger transfers the biosolids for further treatment, storage, use, or disposal; and 

 
c. inspect any facilities, equipment (including monitoring and control equipment), 

practices, or operations used in the production of biosolids and further treatment, 
storage, use, or disposal by the Discharger or by another party to whom the 
Discharger transfers the biosolids for further treatment, storage, use, or disposal. 

 
12. Monitoring shall be conducted as follows: 
 

a. Biosolids shall be tested for the metals required in Part 503.16 (for land application) or 
Part 503.26 (for surface disposal), using the methods in "Test Methods for Evaluating 
Solids Waste, Physical/Chemical Methods" (SW-:846), as required in Part 503.8(b)(4), 
at the following minimum frequencies: 

 
Volume (dry metric tons/year) Frequency 
0 – 290 once per year 
290 – 1500 once per quarter 
1500 – 15000 once per 60 days 
> 15000 once per month 
 
For accumulated, previously untested biosolids, the Discharger shall develop a 
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representative sampling plan, which addresses the number and location of sampling 
points, and collect representative samples. 
 
Test results shall be expressed in mg pollutant per kg biosolids on a 100% dry weight 
basis. 
 
Biosolids to be land applied shall be tested for Organic-N, ammonium-N, and nitrate-N 
at the frequencies required above. 

 
b. Prior to land application, the Discharger 'shall demonstrate that the biosolids meet 

Class A or Class B pathogen reduction levels by one of the methods listed in Part 
503.32. Prior to disposal in a surface disposal site, the Discharger shall demonstrate 
that the biosolids meet Class B levels or shall ensure that the site is covered at the end 
of each operating day. 

 
c. For biosolids that are land applied or placed in a surface disposal site, the Discharger 

shall track and keep records of the operational parameters used to achieve Vector 
Attraction Reduction requirements in Part 503.33 (b). 

 
d. Class 1 facilities (facilities with pretreatment programs or others designated as Class 1 

by the Regional Administrator) and Federal facilities with> 5 mgd influent flow shall 
sample biosolids for pollutants listed under Section 307 (a) of the Clean Water Act (as 
required in the pretreatment section of the permit for POTWs with pretreatment 
programs.) Class 1 facilities and Federal facilities with> 5 mgd influent flow shall test 
dioxins/dibenzofurans using a detection limit of < 1 pg/g during their next sampling 
period if they have not done so within the past 5 years and once per 5 years thereafter. 

 
e. The biosolids shall be tested annually, or more frequently if necessary, to determine 

hazardousness in accordance with California Law. 
 
f. If biosolids are placed in a surface disposal site (dedicated land disposal site or 

monofill), a qualified groundwater scientist shall develop a groundwater monitoring 
program for the site, or shall certify that the placement of biosolids on the site will not 
contaminate an aquifer. 

 
g. Biosolids placed in a municipal landfill shall be tested semi-annually by the Paint Filter 

Test (SW-846, Method 9095) to demonstrate that there are no free liquids. 
 
13. The Discharger either directly or through contractual arrangements with their biosolids 

management contractors shall comply with the following 40 C.F.R. 503 notification 
requirements: 

 
a. A reuse/disposal plan shall be submitted to EPA Region IX Coordinator and, in the 

absence of other state or regional reporting requirements, to the state permitting 
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agency, prior to the use or disposal of any biosolids from this facility to a new or 
previously unreported site. The plan shall be submitted by the land applier of the 
biosolids and shall include, a description and a topographic map of the proposed 
site(s) for reuse or disposal, names and addresses of the applier(s) and site owner(s), 
and a list of any state or local permits which must be obtained. For land application 
sites, the plan shall include a description of the crops or vegetation to be grown, 
proposed nitrogen loadings to be used for the crops, and a groundwater monitoring 
plan if one exists. 

 
b. If the Discharger biosolids do not meet Part 503.13 Table 3 metals concentration 

limits, the Discharger must require their land applier to contact the state permitting 
authority to determine whether bulk biosolids subject to the cumulative pollutant 
loading rates in Part 503.12(b)(2) have been applied to the site since July 20, 1993, 
and, if so, the cumulative amount of pollutants applied to date, and background 
concentration, if known. The Discharger shall then notify EPA Region IX Coordinator of 
this information. 

 
c. For biosolids that are land applied, the Discharger shall notify the applier in writing of 

the nitrogen content of the biosolids, and the applier's requirements under Part 503, 
including the requirements that the applier certify that the requirement to obtain 
information in Subpart A, and that the management practices, site restrictions, and any 
applicable vector attraction reduction requirements Subpart D have been met. The 
Discharger shall require the applier to certify at the end of 38 months following 
application of Class B biosolids that those harvesting restrictions in effect for up to 38 
months have been met. 

 
d. If bulk biosolids are shipped to another State or to Indian Lands, the Discharger must 

send written notice prior to the initial application of bulk biosolids to the permitting 
authorities in the receiving State or Indian Land (the EPA Regional Office for the area 
and the State/Indian authorities). 

 
e. Notification of Part 503 non-compliance: The Discharger shall require appliers of their 

biosolids to notify EPA Region IX and their state permitting agency of any 
noncompliance within 24 hours if the non-compliance may seriously endanger health 
or the environment. For other instances of non-compliance, the Discharger shall 
require appliers of their biosolids to notify EPA Region IX and their state permitting 
agency of the non-compliance in writing within 10working days of becoming aware of 
the non-compliance. 

 
14. The Discharger shall submit an annual biosolids report to EPA Region IX Biosolids 

Coordinator and the Los Angeles Regional Water Quality Control Board by February 19 of 
each year for the period covering the previous calendar year. The report shall include: 

 
a. The amount of biosolids generated that year, in dry metric tons, and the amount 
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 accumulated from previous years. 
 
b. Results of all pollutant monitoring required in the Monitoring Section above. 
 
c. Descriptions of pathogen reduction methods, and vector attraction reduction methods, 

as required in Parts 503.17 and 503.27. 
 
d. Results of any groundwater monitoring or certification by groundwater scientist that the 

placement of biosolids in a surface disposal site will not contaminate an aquifer. 
 
e. Names and addresses of land appliers and surface disposal site operators, and 

volumes applied (dry metric tons). 
 
f. Names and addresses of persons who received biosolids for storage, further 

treatment, disposal in a municipal waste landfill, or for other reuse/disposal methods 
not covered in 14.c, above, and volumes delivered to each. 

 
15. The Discharger shall require all parties contracted to manage their biosolids to submit an 

annual biosolids report to EPA Region IX Biosolids Coordinator by February 19 of each 
year for the period covering the previous calendar year. The report shall include: 

 
a. Names and addresses of land appliers and surface disposal site operators, name, 

location (latitude/longitude), and size (hectares) of site(s), volumes applied/disposed 
(dry metric tons) and for land application, biosolids loading rates (metric tons per 
hectare), nitrogen loading rates (kg/ha), dates of applications, crops grown, dates of 
seeding and harvesting and certifications that the requirement to obtain information in 
Part 503.12(e)(2), management practices in Part 503.14 and site restrictions in Part 
503.32(b)(5) have been met. 



Santa Clarita Valley Sanitation District of Los Angeles County ORDER NO. R4-2009-0074 
Valencia Water Reclamation Plant  NPDES NO. CA0054216 
 

Attachment J – Pretreatment Reporting Requirements   
February 25, 2009 
Adopted: 06/04/09 

J-1 

 

 
ATTACHMENT J 

 
PRETREATMENT REPORTING REQUIREMENTS 

 
The Discharger is required to submit annual and semi-annual Pretreatment Program  
Compliance Reports (Reports) to the Regional Water Board and submit copies of the  
Reports to the USEPA Region IX. This Attachment outlines the minimum reporting  
requirements of the Reports. If there is any conflict between requirements stated in this  
attachment and provisions stated in the Waste Discharge Requirements (WDR), those  
contained in the WDR will prevail.  
 
A. ANNUAL REPORTING REQUIREMENTS 
 

The Discharger is required to submit Annual Pretreatment Program Compliance  
Report (Annual Report). The Annual Report is due by April 15th of each year and 
must contain, but not be limited to, the following information:  

 
1. A summary of wastewater and sludge monitoring.  
 

The Discharger is required to monitor pollutants in the influent and the  
effluent of the POTW(s), and in the sludge from the secondary treatment  
process. The Discharger is required to provide a summary of the monitoring.  
However, if the POTW does not process sludge/biosolids at the plant, the  
sludge/biosolids monitoring requirements prescribed in this attachment are  
not required.  
 
The Discharger must monitor the priority pollutants that were identified in  
Section 307(a) of the Clean Water Act (excluding asbestos) and the non- 
priority pollutants that may have existed in the wastewater and may be  
causing, or contributing to Pass-Through and/or Interference as defined in  
40 C.F.R. 403.3 (i) & (n), or adversely impacting sludge quality. The  
sampling and analyses must be performed in accordance with the  
techniques prescribed in 40 C.F.R. 136 and amendments thereto, unless  
specified otherwise in this Order. In lieu of duplicative sampling, the  
Discharger may use one set of sampling and analytical results to fulfill the  
reporting requirements for both the compliance monitoring program and the  
Pretreatment Program when the monitoring requirements match. However,  
pretreatment reports shall be submitted under a separate cover as stated in  
Section C. of this Attachment.  
 
Wastewater samples of the POTW’s influent and effluent must be obtained  
from representative, flow proportioned 24-hour composites (except for  
constituents that must be taken through grab samples, such as cyanide). A  
full scan of the priority pollutants must be conducted at least annually in  
August, when flow is not affected by wet weather. Subsequent quarterly  
sampling and analysis must be conducted for those pollutants found in the  
full scan with concentrations higher than the detection limits set forth in 40  
C.F.R. Part 136. Results of any additional quarterly sampling will be included  in 
the following semi-annual or annual report.  
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Sludge shall be sampled and analyzed quarterly for the same pollutants that  
were detected during the annual scan of the priority pollutants for the influent  
and effluent. Sludge must be taken as composite samples. When the  
sludge is dewatered onsite and is immediately hauled offsite for disposal,  
discrete samples from 12 batches of the dewatering operation must be  
collected and combined as a composite. If the sludge is dried in drying beds  
prior to its final disposal, samples collected from 12 representative locations  
in the drying beds must be taken and combined as a composite. Sludge  
analysis results must be expressed as mg/kg dry sludge, 100% dry weight  
basis. 
 

2. A discussion of Pass-Through and Interference incidents. 
 

The Discharger is required to report in the Annual Report the Pass-Through  
and Interference incidents, if any, at the treatment plant, that the Discharger  
knows, or suspects, were caused by non-domestic discharges to the POTW  
system. The discussion must include the causes of the incidents, the  
investigative actions taken to determine the source, the name and address  
of the party responsible, and the corrective actions taken to overcome and  
recover from the interference. The discussion must also include a review of  
the applicable pollutant limitations to determine whether any additional  
limitations, or changes to existing requirements, may be necessary to prevent 
Pass-Through or Interference.  

 
3. A list of Discharger’s industrial users. 

  
The Discharger is required to update its significant industrial users (SIUs) list  
annually and to submit the list in the Annual Report. The Discharger is  
required to report deletions, additions, and name changes in the previously  
submitted SIU list. The Discharger must provide a brief explanation for each  
change.  

 
4. A summary of SIU compliance. 

 
The Discharger is required to provide a summary of SIU compliance in the  
Annual Report. The Discharger must characterize the compliance status of  
each SlU by providing a list or table, which includes the following  
information:  

 
a. Name of the SIU;  
b. Category, if subject to federal categorical standards, or nature of the 

wastewater discharge;  
c. Type of wastewater treatment or control processes in place;  
d. Number of monitoring samples taken by the POTW during the year;  
e. Number of monitoring samples taken by the SIU during the year;  
f. Verification that all required certifications were provided for an SIU subject 

to discharge requirements for total toxic organics;  
g. Standards violated during the year (Federal and local, reported 

separately);  
 



Santa Clarita Valley Sanitation District of Los Angeles County ORDER NO. R4-2009-0074 
Valencia Water Reclamation Plant  NPDES NO. CA0054216 
 

Attachment J – Pretreatment Reporting Requirements   
February 25, 2009 
Adopted: 06/04/09 

J-3 

h. Description of the significant noncompliance (SNC) if the SIU was in SNC 
as defined at 40 C.F.R. 403.12(f)(2)(vii) during the year; and  

i. A summary of enforcement or other actions taken during the year to return 
the SIU in SNC to compliance. Describe the type of action, final 
compliance date, and the amount of fines and penalties collected, if any. 
Describe any proposed actions for bringing the SIU in SNC into 
compliance. 

 
5. A summary of program changes. 
 

The Discharger is required to report changes of its POTW Pretreatment  
Program. A description of any significant changes in operating the  
pretreatment program which differ from the previous year including, but not  
limited to, changes concerning the program’s sewer use ordinances, legal  
authority, local limits, monitoring program or monitoring frequencies,  
enforcement policy, administrative structure, funding levels, or staffing levels.  

 
6. A summary of budget. 
 

The Discharger is required to include annual pretreatment program budgets  
in the Annual Report. These annual budgets should include a) personnel  
costs (salaries, benefits, insurance, etc.), b) transportation costs (direct and  
indirect costs of trucks, gasoline, maintenance, etc.), c) overall laboratory  
analyses costs (contractor or in-house), d) equipment costs, e)  
administrative costs (supplies, overhead, secretarial time, attorney costs,  
copying, etc.), f) training and travel costs, g) contractor assistance, and h)  
other direct and indirect costs.  

 
7. A summary of public participation. 
  

The Discharger is required to provide a summary of public participation of  
pretreatment program in the Annual Report. The summary should describe  
activities to involve and inform the public of the program, including a copy of  
the newspaper notice required under 40 C.F.R. 403.8 (f)(2)(vii).  

 
8. A description of sludge disposal methods. 
 

The Discharger is required to report in the Annual Report the sludge disposal  
methods and a description of any changes from the previously submitted  
methods.  

 
9. A description of pollutant reduction efforts. 
 

The Discharger is required to describe in the Annual Report any programs  
the POTW implements to reduce pollutants from the non-domestic sources.  

 
B. SEMI-ANNUAL REPORTING REQUIREMENTS 
 

The Discharger is required to submit Semi-Annual Pretreatment Program  
Compliance Report (Semi-Annual Report). The Semi-Annual Report covers the  
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periods from January 1 to June 30 and is due by August 15th of each year. The 
Semi-Annual Report must contain, but not be limited to, the following information:  
 
1. A discussion of Pass-Through and Interference incidents as described in 

Section A.2. of this Requirements. 
  
2. A summary of SIU compliance and enforcement actions as described in Section 

A. 4. of this Requirements. 
 

C. SIGNATORY REQUIREMENTS AND REPORT SUBMITTAL  
 

1. Signatory Requirements. 
  

The semi-annual and annual reports must be signed by a principal executive  
officer, ranking elected official or other duly authorized employee if such  
employee is responsible for the overall operation of the POTW. Any person  
signing these reports must make the following certification [40 C.F.R.  
403.6(a)(2)(ii)]:  
 
I certify under penalty of law that this document and all attachments were  
prepared under my direction or supervision in accordance with a system  
designed to assure that qualified personnel properly gather and evaluate the  
information submitted. Based on my inquiry of the person or persons who  
manage the system, or those persons directly responsible for gathering the  
information, the information submitted is, to the best of my knowledge and  
belief, true, accurate, and complete. I am aware that there are significant  
penalties for submitting false information, including the possibility of fine and  
imprisonment for knowing violations.  

 
2. Report Submittal. 
 

An original copy of the Annual Report and Semi-Annual Report must be sent  
to the Pretreatment Program Coordinator of the Regional Board and the  
duplicate copies of the Reports must be sent to USEPA through the following  
addresses:  
 
Information and Technology Unit  
Attn: Pretreatment Program Coordinator  
California Regional Water Quality Control Board, Los Angeles Region  
320 West 4th Street, Suite 200  
Los Angeles, CA 90013  
 
Pretreatment Program  
CWA Compliance Office (WTR-7)  
Water Division  
U.S. Environmental Protection Agency, Region IX  
75 Hawthorne Street  
San Francisco, CA 94105-3901  
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Exhibit 15 
 

EPA Initial Objection Letter – NPDES Permits for the 
JOS’s - Whittier Narrows and Pomona WRPs 

July 31, 2014 
  













Exhibit 16 
 

EPA Formal Objection Letter – NPDES Permits for the 
JOS’s - Whittier Narrows and Pomona WRPs 

September 4, 2014 
  



































Exhibit 17 
 

Letter from Eugenia McNaughton, US EPA Region 9 
Quality Assurance Office Manager to Renee Spears, 

State Water Board Quality Assurance Officer, untitled, 
dated March 17, 2014 
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Exhibit 18 
 

Technical Support Document for Water Quality-Based 
Toxics Control EPA/505/2-90-001 

March 1991 
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TECHNICAL SUPPORT DOCUMENT FOR 
WATER QUALITY-BASED TOXICS CONTROL 

This copy represents the second printing of this document. 

Changes made to this document reflect corrections of typographical errors and the following update 
of the interim guidance on criteria for metals: The Agency has issued wlnterim Guidance Interpretation 

and Implementation Aquatic Ufe Criteria for Metals. " The interim guidance supersedes criteria document 
statements expressing criteria in terms of a acid soluble analytical method and also the metals 

discussion of Section 5. 7. 3. The availability of this document appeared in the 
june 5, 1992 Federal Register (Vol. 57, No. 109, pg. 24401). 

l*tr:b 1flll1 
llltla.,....., ~t-,.,.,. 
llltla .,.,.,.. ,.,.,.,.,. ., Stlllflillll 

U.S. ,.,..._,., ADI8t:tlllll Al/llfH:y 
.,..,..,.,, DC 21181 



FOREWORD 

The U.S. Environmental Protection Agency (EPA) and the State pollution control agencies have been charged 
with enforcing the laws regarding pollution of the natural environment. Environmental pollution is an urgent and 
continuing problem and, consequently, the laws grant considerable discretion to the control authorities to define 
environmental goals and develop the means to attain them. Establishing environmentally protective levels and 
incorporating them in a decisionmaking process entails a considerable amount of scientific knowledge and 
judgment. One area where scientific knowledge is rapidly changing concerns the discharge of toxic pollutants to 
the Nation's surface waters. 

This document provides technical guidance for assessing and regulating the discharge of toxic substances to the 
waters of the United States. It was issued in support of EPA regulations and policy initiatives involving the 
application of biological and chemical assessment techniques to control toxic pollution to surface waters. This 
document is agency guidance only. It does not establish or affect legal rights or obligations. It does not establish 
a binding norm and is not finally determinative of the issues addressed. Agency decisions in any particular case 
will be made applying the law and regulations on the basis of specific facts when permits are issued or regulations 
promulgated. 

This document is expected to be revised periodically to reflect advances in this rapidly evolving area. Comments 
from users will be welcomed. Send comments to U.S. EPA, Office of Water Enforcement and Permits, 401 M 
Street, SW, Mailcode EN366, Washington, DC 20460. 

james R. Elder, Director Martha G. Prothro, Director 
Office of Water Enforcement and Permits Office of Water Regulations and Standards 
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EXECUTIVE SlletMAIIY 

The revised Technical Support Document for Water Quality-based 
Taxies Control (TSD) provides States and Regions with guidance 
on procedures for use in the water quality-based control of toxic 
pollutants. It presents recommendations to regulatory authorities 
faced with the task of controlling the point source discharge of 
toxic pollutants to the Nation's waters. The document provides 
guidance for each step in the water quality-based toxies control 
process from standards development to compliance monitoring. 
Both human health and aquatic toxicity issues are incorporated 
into the discussions throughout the document. The overall ap
proach in this revised document provides additional explanations 
and rationales based on accumulated experience and data for the 
various recommendations that were made in the original TSD. 
The following is a brief synopsis of the guidance provided in the 
TSD. 

Approaches to Water Quality-based Toxics Control 

The Environmental Protection Agency's (EPA) surface taxies con
trol regulation, 54 FR 23868, June 2, 1989, established specific 
requirements that the "integrated" approach be used in water 
quality-based toxies control. The "integrated" approach consists 
of whole effluent and chemical-specific approaches as a means of 
protecting aquatic life and human health. As techniques are 
made available for implementing biocriteria, they too should be 
integrated into the water quality-based taxies control, thus creat
ing a triad of approaches: whole effluent, chemical-specific, and 
biological assessments. Each approach has its limitations and 
thus, exclusive use of one approach alone cannot ensure required 
protection of aquatic life and human health. The advantages/ 
disadvantages of each approach and how the integrated ap
proach creates an effective toxies control program are discussed 
in the text. 

The whole effluent approach to toxies control involves the use of 
toxicity tests and water quality criteria for the parameter "toxic
ity'' to assess and control the aggregate toxicity of effluents. New 
references and information in support of the whole effluent toxic
ity assessment and control approach have been included in Chap
ter 1 and associated appendices (e.g., precision data, justifications 
for acute-to-chronic ratio recommendations, information on ana
lytical variability in toxicity testing). The chemical-specific approach 
to aquatic life toxics control relies on numeric water quality 
criteria in State standards and interpretations of State narrative 
standards to assess and control specific toxicants individually. 

Water Quality Standards and Criteria 

Where specific numerical criteria for a chemical or biological 
parameter (such as toxicity) are absent, compliance with water 
quality standards must be based on the general narrative criteria 
and on protection of the designated uses. For many pollutants, 
EPA's recommended criteria may be used, or criteria may be 
developed using data from the Integrated Risk Information Sys
tem, or data on the toxicological effects of the pollutant found 
either in the literature or required of a discharger. 
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Aquatic impacts occur not only from the magnitude of a pollut
ant, but also from the duration and frequency with which criteria 
are exceeded. EPA's recommended aquatic life criteria for both 
individual toxicants and whole effluent toxicity are specified as 
two numbers: the criterion continuous concentration is applied 
as a 4-day average concentration; and the criterion maximum 
concentration is applied as an 1-hour average concentration. The 
frequency with which criteria are allowed to be exceeded de
pends on site-specific factors as explained in the text. 

Strictly speaking the term "criteria" means EPA guidance formally 
published under the authority of Section 304(a) of the Clean 
Water Act. The toxicity level recommendations have not been so 
published. However, they represent EPA's carefully developed 
technical recommendation, and so are referred to in this docu
ment in the same manner as other criteria. 

EPA's recommended criteria for whole effluent toxicity are as 
follows: to protect aquatic life against chronic effects, the ambi
ent toxicity should not exceed 1.0 chronic toxic unit (TUJ to the 
most sensitive of at least three different test species. For protec
tion against acute effects, the ambient toxicity should not exceed 
0.3 acute toxic units (TU.) to the most sensitive of at least three 
different test species. 

EPA has developed recommended human health criteria, which 
are called reference ambient concentrations (RACs). In the ab
sence of EPA's recommended criteria, States may calculate RACs 
based on the equations in the text. In addition, the need for 
sediment and biological criteria in State water quality standards is 
discussed. 

Effluent Characterization 

This chapter contains completely revised effluent characterization 
discussions and recommendations. It includes streamlined proce
dures (as compared to the original TSD) for predicting the likely 
impacts of toxic effluents on aquatic life and human health. 
Recommendations are provided for determining, either with or 
without actual effluent data, whether a discharge causes, has the 
reasonable potential to cause, or contributes to an excursion 
above a State water quality standard. These effluent characteriza
tion procedures can be performed in one step and do not include 
initial screening followed by definitive data generation as was 
recommended in the original TSD. 

The revised effluent characterization procedures for assessing po
tential human health impacts now include control of 
bioaccumulative chemicals. 

Exposure and Wasteload Allocation 

A goal of permit writers is to determine what effluent composition 
will protect aquatic organisms and human health. Exposure 
assessment includes an analysis of how much of the waterbody is 
subject to the exceedance of criteria, for how long, and how 
frequently. The first step is to evaluate the effluent plume disper
sion. If mixing is not rapid and complete and if State standards 
allow a mixing zone, the wasteload allocation also must be based 



on a mixing zone analysis. Chapter 5 describes the means to 
assess dilution at the edge of a mixing zone. As with the origif'lal 
TSD, ambient criteria to control acute toxicity to aquatic life may 
be met within a short distance of the outfall. However, this 
provision is no longer restricted to outfalls that have a high-rate 
diffuser. 

If mixing is rapid and complete, there are several models that can 
be used to assess exposure. Steady-state models assume that the 
effluent concentration is constant and that the duration and 
frequency with which criteria are exceeded can be reflected en
tirely by selecting a design flow in the receiving water of appropriate 
averaging period and frequency. 

Another means of modeling exposure is to use computer models 
that incorporate variability of the individual inputs (such as efflu
ent flow and concentration, receiving water flow, temperature, 
background concentration, etc.). These models are termed dy
namic models and are more accurate than steady-state models in 
reflecting or predicting exposure provided adequate data exist. 
The acceptable effluent condition derived using these models is 
expressed as the effluent long-term average and variance, which 
greatly simplifies derivation of permit limits. Three dynamic 
modeling approaches are described along with instructions for 
their use. 
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Permit Requirements 

The requirements of a wasteload allocation (WLA) must be trans
lated into a permit limit in the wasteo.vater discharge permit. In 
many cases permit limits will be different than the WLA to reflect 
different assumptions and means of expressing effluent quality. 
Three types of WlAs are identified, and recommendations are 
provided for deriving permit limits to proper1y enforce each type 
of WLA. Other permit-related issues such as permit documenta
tion and how to express limitations are discussed. In addition, 
guidance for requiring and conducting toxicity reduction evalua
tions is presented. 

Compliance Monitoring 

The compliance monitoring and enforcement process for water 
quality-based permits summarized in Chapter 6 is based on exist
ing regulation and guidance. As with technology-based permits, 
any failure to meet a limit is a violation, and every violation must 
be reviewed to determine the appropriate response. Whole 
effluent toxicity monitoring and enforcement concepts embodied 
in the Compliance Monitoring and Enforcement Strategy for Toxics 
Control Oanuary 19, 1989) have been added to this revision. 



UST OF ABBREVIATIONS 

M atomic absorption IC inhibition concentration 

ACR acute-to-chronic ratio IRIS Integrated Risk Information System (EPA) 

ADI acceptable daily intake lA load allocation 

AML average monthly limit LC lethal concentration 

ATC acceptable tissue concentration LOAEL lowest observed adverse effect level 

ATE acute toxicity endpoint LOEC lowest observed effect concentration 

AVS acid volatile sulfides LTA long-term average 

BAF bioaccumulation factor MCL maximum contaminant levels 

BAT best available technology MDL maximum daily limit 

BCF bioconcentration factor MERS Monticello Ecological Research Station 

BCT best conventional technology ML minimum level 

BMP best management practice NOAEL no observed adverse effect level 

BOD biochemical oxygen demand NOEC no observed effect concentration 

BPI best professional judgment NPDES National Pollutant Discharge Elimination System 

BPT best practicable technology NTIS National Technical Information Service 

CCC criteria continuous concentration ONRW outstanding national.resource waters 

CEAM Center for Exposure Assessment Modeling (EPA) PCS Permit Compliance System 

CETIP Complex Effluent Toxicity Testing Program POlW publicly owned treatment works 

CFR Code of Federal Regulations PQL practical quantitation limit 

CHC chemical of highest concern ql* cancer potency factor 

CMC criteria maximum concentration QNQC quality assurance/quality control 

CTE chronic toxicity endpoint QNCR quarterly noncompliance report 

cv coefficient of variation QSAR quantitative structure-activity relationships 

CWA Clean Water Act RAC reference ambient concentration 

OF dilution factor RfD reference dose 

DMR discharge monitoring report RWC receiving water concentration 

DO dissolved oxygen SQC sediment quality criteria 

EC effect concentration STORET storage and retrieval of water quality information 

ECAO Environmental Criteria and Assessment Office TIE toxicity identification evaluation 

EMS Enforcement Management System TMDL total maximum daily load 

EP equilibrium partitioning TRE toxicity reduction evaluation 

EPA Environmental Protection Agency TSD technical support document 

ERL Environmental Research Laboratory (EPA) TSS total suspended solids 

FAY final acute value no total toxic organics 

FDA Food and Drug Administration TU toxic unit 

FM food chain multipliers TUa acute toxic unit 

GC/MS gas chromatograph/mass spectrometer TUc chronic toxic unit 

HHC human health criteria WQS water quality standard 

HPLC high-pressure liquid chromatography WlA wasteload allocation 
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MODELl. ABBREVIATIOIS 

ARM agricultural runoff model NPS Nonpoint Source Model for Urban and Rural Ar-

CHNTRN Channel Transport Model eas 

CETIS Complex Effluent Toxicity Information System PSY steady-state, two-dimensional plume model 

surface water assessment model for back calculat-Chemical Information System SARAH2 CIS 
ing reductions in biotic hazardous wastes 

CORMIX 1 Cornell Mixing Zone Expert System 
SERATRA Sediment Contaminant Transport Model 

CTAP Chemical Transport and Analysis Program 
SLSA Simplified Lake/Stream Analysis 

DESCON computer program that estimates design condi-
TO DAM Transport One-Dimensional Degradation and Mi-tions 

gration Model 
DFLOW computer program that calculates biologically 

TOXIWASP Chemical Transport and Fate Model based design flows 

DYNHYD4 hydrodynamic model TOXI4 a subset of WASP4 

Toxic Organic Transport and Bioaccumulation DYNTOX dynamic taxies model TOXIC 
Model 

EXAMS-II Exposure Analysis Modeling System 
UDKHDEN three-dimensional model used for single or mul-

FCM2 WASP Food Chain Model 
tiple port diffusers 

FETRA Finite Element Transport Model 
ULINE uniform linear density flume model 

FGETS Food and Gill Exchange of Toxic Substances UMERGE two-dimensional model used to analyze positively 
FLOSTAT U.S. Geological Survey computer program that buoyant discharge 

estimates the arithmetic mean flow and 7Ql 0 of 
UOUTPLM cooling tower plume model adapted for marine 

rivers and streams 
discharges 

HHDFLOW historic daily flow program UPLUME numerical model that produces flux-average dilu-
HSPF Hydrologic Simulation Program - FORTRAN tions 
MEXAMS Metals Exposure Analysis Modeling System WASP4 water quality analysis program 
MINTEQA2 Equilibrium Metals Speciation Model WASTOX Estuary and Stream Quality Model 
MICH Michigan River Model WQAB FLOW water quality analysis system flow data subroutine 
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GLOSSARY 

absolute toxicity is the toxicity of the effluent without considering 
dilution. 

acute means a stimulus severe enough to rapidly induce an effect; 
in aquatic toxicity tests, an effect observed in 96 hours 
or less typically is considered acute. When referring to 
aquatic toxicology or human health, an acute affect is 
not always measured in terms of lethality. 

acute-to-chronic ratio (ACR) is the ratio of the acute toxicity of 
an effluent or a toxicant to its chronic toxicity. It is used 
as a factor for estimating chronic toxicity on the basis of 
acute toxicity data, or for estimating acute toxicity on 
the basis of chronic toxicity data. 

acutely toxic conditions are those acutely toxic to aquatic 
organisms following their short-term exposure within 
an affected area. 

acute toxicity endpoints (ATE) are toxicity test results, such as 
an LCso (96 hours) and ECso {48 hours), which describe 
a stimulus severe enough to rapidly induce an effect on 
aquatic organisms. 

additivity is the characteristic property of a mixture of toxicants 
that exhibits a total toxic effect equal to the arithmetic 
sum of the effects of the individual toxicants. 

ambient toxicity is measured by a toxicity test on a sample 
collected from a waterbody. 

antagonism is the characteristic property of a mixture of toxicants 
that exhibits a less-than-additive total toxic effect. 

antidegradation policies are part of each State's water quality 
standards. These policies are designed to protect water 
quality and provide a method of assessing activities that 
may impact the integrity of the waterbody. 

aquatic community is an association of interacting populations 
of aquatic organisms in a given waterbody or habitat. 

averaging period is the period of time over which the receiving 
water concentration is averaged for comparison with 
criteria concentrations. This specification limits the 
duration of concentrations above the criteria. 

bioaccumulation is the process by which a compound is taken up 
by an aquatic organism, both from water and through 
food. 

bioaccumulation factor (BAF) is the ratio of a substance's 
concentration in tissue versus its concentration in ambient 
water, in situations where the organism and the food 
chain are exposed. 

bioassay is a test used to evaluate the relative potency of a 
chemical or a mixture of chemicals by comparing its 
effect on a living organism with the effect of a standard 
preparation on the same type of organism. Bioassays 
frequently are used in the pharmaceutical industry to 
evaluate the potency of vitamins and drugs. 

bioavailability is a measure of the physicochemical access that a 
toxicant has to the biological processes of an organism. 
The less the bioavailability of a toxicant, the less its toxic 
effect on an organism. 
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bioconcentration is the process by which a compound is absorbed 
from water through gills or epithelial tissues and is 
concentrated in the body. 

bioconcentration factor (BCF) is the ratio of a substance's 
concentration in tissue versus its concentration in water, 
in situations where the food chain is not exposed or 
contaminated. For nonmetabolized substances, it 
represents equilibrium partitioning between water and 
organisms. 

biological assessment is an evaluation of the biological condition 
of a waterbody using biological surveys and other direct 
measurements of resident biota in surface waters. 

biological criteria, also known as biocriteria, are narrative 
expressions or numeric values of the biological 
characteristics of aquatic communities based on 
appropriate reference conditions. Biological criteria 
serve as an index of aquatic community health. 

biological integrity is the condition of the aquatic community 
inhabiting unimpairedwaterbodies of a specified habitat 
as measured by community structure and function. 

biological monitoring, also known as biomonitoring, describes 
the living organisms in water quality surveillance used to 
indicate compliance with water quality standards or 
effluent limits and to document water quality trends. 
Methods of biological monitoring may include, but are 
not limited to, toxicity testing such as ambient toxicity 
testing or whole effluent toxicity testing. 

biological survey or biosurvey is the collecting, processing, and 
analyzing of a representative portion of the resident 
aquatic community to determine its structural and/or 
functional characteristics. 

biomagnificatlon is the process by which the concentration of a 
compound increases in species occupying successive 
trophic levels. 

cancer potency slope factor (ql*) is an indication of a chemical's 
human cancer-causing potential derived using animal 
studies or epidemiological data on human exposure. It 
is based on extrapolating high-dose levels over short 
periods of time to low-dose levels and a lifetime exposure 
period through the use of a linear model. 

chronic means a stimulus that lingers or continues for a relatively 
long period of time, often one-tenth of the life span or 
more. Chronic should be considered a relative term 
depending on the life span of an organism. The 
measurement of a chronic effect can be reduced growth, 
reduced reproduction, etc., in addition to lethality. 

chronic toxicity endpoints (CTE) are results, such as a no 
observed effect concentration, lowest observed effect 
concentration, effect concentration, and inhibition 
concentration based on observations of reduced 
reproduction, growth, and/or survival from life cycle, 
partial life cycle, and early life stage tests with aquatic 
animal species. 



coefficient of variation (CV) is a standard statistical measure of 
the relative variation of a distribution or set of data, 
defined as the standard deviation divided by the mean. 

community component is a general term that may pertain to the 
biotic guild (fish, invertebrates, algae), the taxonomic 
category (order, family, genus, species), the feeding 
strategy (herbivore, omnivore, predator), or the 
organizational level (individual, population, assemblage) 
of a biological entity within the aquatic community. 

completely mixed condition means no measurable difference in 
the concentration of a pollutant exists across a transect 
of the waterbody (e.g., does not vary by 5 percent). 

continuous simulation model is a fate and tramport model that 
uses time series input data to predict receiving water 
quality concentrations in the same chronological order 
as that of the input variables. 

criteria continuous concentration (CCC) is the EPA national 
water quality criteria recommendation for the highest 
instream concentration of a toxicant or an effluent to 
which organisms can be exposed indefinitely without 
causing unacceptable effect. 

criteria maximum concentration (CMC) is the EPA national 
water quality criteria recommendation for the highest 
instream concentration of a toxicant or an effluent to 
which organisms can be exposed for a brief period of 
time without causing an acute effect. 

critical life stage is the period of time in an organism's lifespan 
in which it is the most susceptible to adverse effects 
caused by exposure to toxicants, usually during early 
development (egg, embryo, larvae). Chronic toxicity 
tests are often run on critical life stages to replace long 
duration, life-cycle tests since the most toxic effect 
usually occurs during the critical life stage. 

design flow is the flow used for steady-state wasteload allocation 
modeling. 

designated uses are those uses specified in water quality standards 
for each waterbody or segment whether or not they are 
being attained. 

discharge length scale is the square root of the cross-sectional 
area of any discharge outlet. 

diversity is the number and abundance of biological taxa in a 
specified location. 

effect concentration (EC) is a point estimate of the toxicant 
concentration that would cause an observable adverse 
effect (such as death, immobilization, or serious 
incapacitation) in a given percentage of the test 
organisms. 

equilibrium partitioning (EP) is a method for generating 
sediment criteria that focuses on the chemical interaction 
between sediments and contaminants. 

final acute value (FAV) is an estimate of the concentration of the 
toxicant corresponding to a cumulative probability of 
0.05 in the acute toxicity values for all genera for which 
acceptable acute tests have been conducted on the 
toxicant. 
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frequency is how often criteria can be exceeded without 
unacceptably affecting the community. 

genotoxic is the ability of a substance to damage an organism's 
genetic material (DNA). 

harmonic mean flow is the number of daily flow measurements 
divided by the sum of the reciprocals of the flows. That 
is, it is the reciprocal of the mean of reciprocals. 

inhibition concentration (IC) is a point estimate of the toxicant 
concentration that would cause a given percent reduction 
(e.g., IC25) in a nonlethal biological measurement of the 
test organisms, such as reproduction or growth. 

lethal concentration is the point estimate of the toxicant 
concentration that would be lethal to a given percentage 
of the test organisms during a specific period. 

lipophilic is a high affinity for lipids (fats). 

load allocations (LA) are the portion of a receiving water's total 
maximum daily load that is attributed either to one of its 
existing or future nonpoint sources of pollution or to 
natural background sources. 

lognormal probabilistic dilution model calculates the 
probability distribution of receiving water quality 
concentrations from the lognormal probability 
distributions of the input variables. 

log P (also expressed as log kow or as n-octanal/water 
partition coefficient) is the ratio, in a two-phase system 
of n-octanol and water at equilibrium, of the 
concentration of a chemical in the n-octanol phase to 
that in the water phase. 

lowest observed adverse effect level (lOAEl) is the lowest 
concentration of an effluent or toxicant that results in 
statistically significant adverse health effects as observed 
in chronic or subchronic human epidemiology studies 
or animal exposure. 

magnitude is how much af a pollutant (or pollutant parameter 
such as toxicity), expressed as a concentration or toxic 
unit is allowable. 

minimum level (Ml) refers to the level at which the entire 
analytical system gives recognizable mass spectra and 
acceptable ca!ibration points when analyzing for 
pollutants of concern. This level corresponds to the 
lowest point at which the calibration curve is determined. 

mixing zone is an area where an effluent discharge undergoes 
initial dilution and is extended to cover the secondary 
mixing in the ambient waterbody. A mixing zone is an 
allocated impact zone where water quality criteria can 
be exceeded as long as acutely toxic conditions are 
prevented. 

Monte Carlo simulation is a stochastic modeling technique that 
involves the random selection of sets of input data for 
use in repetitive model runs in order to predict the 
probability distributions of receiving water quality 
concentrations. 



no observed adverse effect level (NOAH) is a tested dose of an 
effluent or a toxicant below which no adverse biological 
effects are observed, as identified from chronic or 
subchronic human epidemiology studies or animal 
exposure studies. 

no observed effect concentration (NOEC) is the highest tested 
concentration of an effluent or a toxicant at which no 
adverse effects are observed on the aquatic test organisms 
at a specific time of observation. Determined using 
hypothesis testing. 

nonthreshold effects are associated with exposure to chemicals 
that have no safe exposure levels (i.e., cancer). 

permit averaging period is the duration of time over which a 
permit limit is calculated (days, weeks, or months). 

persistent pollutant is not subject to decay, degradation, 
transformation, volatilization, hydrolysis, or photolysis. 

priority pollutants are those pollutants listed by the Administrator 
under CWA Section 307(a). 

probability is a number expressing the likelihood of occurrence 
of a specific event, such as the ratio of the number of 
outcomes that will produce a given event to the total 
number of possible outcomes. 

probability distribution is a mathematical representation of the 
probabilities that a given variable will have various 
values. 

practical quantitation limit (PQL) is a correction factor, 
sometimes arbitrarily defined, used to account for 
uncertainty in measurement precision. 

reasonable potential is where an effluent is projected or 
calculated to cause an excursion above a water quality 
standard based on a number of factors including, as a 
minimum, the four factors listed in 40 CFR 
122.44(d)(l )(ii). 

receiving water concentration (RWC) is the concentration of a 
toxicant or the parameter toxicity in the receiving water 
after mixing (formerly termed "instream waste 
concentration" [IWC]). 

recurrence interval is the average number of years within that a 
variable will be less than or equal to a specified value. 
This term is synonymous with return period. 

reference ambient concentration (RAC) is the concentration of 
a chemical in water that will not cause adverse impacts 
to human health. RAC is expressed in units of mg/1. 

reference tissue concentration (RTC) is the concentration of a 
chemical in edible fish or shellfish tissue that will not 
cause adverse impacts to human health when ingested. 
RTC is expressed in units of mg/kg. 

reference dose (RfD) is an estimate of the daily exposure to 
human population that is likely to be without an 
appreciable risk of deleterious effect during a lifetime; 
derived from nonobserved adverse effect level or lowest 
observed adverse effect level. 

relative toxicity is the toxicity of the effluent when it is mixed with 
the receiving water, or a dilution water of similar 
composition for toxicity testing. 
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slug flow sampling is a monitoring procedure that follows the 
same slug of wastewater throughout its transport in the 
receiving water. Water quality samples are collected at 
receiving water stations, tributary inflows, and point 
source discharges only when a dye slug or tracer passes 
that point. 

steady-state model is a fate and transport model that uses 
constant values of input variables to predict constant 
values of receiving water quality concentrations. 

STORET is EPA's computerized water quality data base that 
includes physical, chemical, and biological data measured 
in waterbodies throughout the United States. 

sublethal means a stimulus below the level that causes death. 

synergism is the characteristic property of a mixture of toxicants 
that exhibits a greater-than-additive total toxic effect. 

threshold effects resultfrom chemicals that have a safe level (i.e., 
acute, subacute, or chronic human health effects). 

total maximum daily load (TMDL) is the sum of the individual 
wasteload allocations and load allocations. A margin of 
safety is included with the two types of allocations so 
that any additional loading, regardless of source, would 
not produce a violation of water quality standards. 

toxicity identification evaluation {TIE) is a set of procedures to 
identify the specific chemicals responsible for effluent 
toxicity. 

toxicity reduction evaluation (TRE) is a site-specific study 
conducted in a stepwise process designed to identify the 
causative agents of effluent toxicity, isolate the sources 
of toxicity, evaluate the effectiveness of toxicity control 
options, and then confirm the reduction in effluent 
toxicity. 

toxicity test is a procedure to determine the toxicity of a chemical 
or an effluent using living organisms. A toxicity test 
measures the degree of effect on exposed test organisms 
of a specific chemical or effluent. 

toxics are those pollutants that have a toxic effect on living 
organisms. TheCWASection 307(a) "priority" pollutants 
are a subset of this group of pollutants. 

toxic pollutants are those pollutants listed by the Administrator 
under CWA Section 307(a). 

toxic units (TUs) are a measure of toxicity in an effluent as 
determined by the acute toxicity units or chronic toxicity 
units measured. 

toxic unit acute (TUa) is the reciprocal of the effluent 
concentration that causes 50 percent of the organisms 
to die by the end of the acute exposure period (i.e., 1 00 
LCsO)· 

toxic unit chronic (TUc) is the reciprocal of the effluent 
concentration that causes no observable effect on the 
test organisms by the end of the chronic exposure 
period (i.e., 1 00/NOEC). 

water quality assessment is an evaluation of the condition of a 
waterbody using biological surveys, chemical-specific 
analyses of pollutants in waterbodies, and toxicity tests. 



wasteload allocation (WLA) is the portion of a receiving water's 
total maximum daily load that is allocated to one of its 
existing or future point sources of pollution. 

water quality criteria are comprised of numeric and narrative 
criteria. Numeric criteria are scientifically derived ambient 
concentrations developed by EPA or States for various 
pollutants of concern to protect human health and 
aquatic life. Narrative criteria are statements that describe 
the desired water quality goal. 
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water quality limited characterizes a stream segment in which it 
is known that water does not meet applicable water 
quality standards, and/or is not expected to meet 
applicable water quality standards even after application 
of technology-based effluent limitations. 

water quality standard is a law or regulation that consists of the 
beneficial designated use or uses of a waterbody, the 
numeric and narrative water quality criteria that are 
necessary to protect the use or uses of that particular 
waterbody, and an antidegradation statement. 

whole effluent toxicity is the total toxic effect of an effluent 
measured directly with a toxicity test. 



INTRODUCTION 

Purpose 

The purpose of this revised Technical Support Document (TSD) for 
Water Quality-based Toxics Control is to provide the most current 
procedural recommendations and guidance for identifying, ana
lyzing, and controlling adverse water quality impacts caused by 
toxic discharges to the surface waters of the United States. The 
original TSD was published in September 1 985. Since then, the 
Clean Water Act (CWA) was amended in 1987 with an emphasis 
on controlling toxic pollutants. New policies and regulations 
have been promulgated and a vast amount of knowledge and 
experienced has been gained in controlling toxic pollutants. Be
cause of these changes, EPA revised and updated the TSD. 

This guidance document is intended to support the implementa
tion of the CWA water quality-based approach to taxies control. 
As such, the recommendations and guidance found in this docu
ment are not binding and should be used by regulatory authori
ties with discretion. The guidance in this document has been 
developed as the most current representation of knowledge in the 
field of assessment and control of toxic discharges. Some of the 
guidance in this document is based on ongoing research and 
development (bioaccumulation methods, Chapter 3) and should 
not be used until the procedures are finalized. 

Background 

The EPA surface water taxies control program, represented dia
grammatically in the figure, relies on portions of the national 
pretreatment program, the effluent limitations guidelines pro
gram, the sludge program, the combined sewer overflow program, 
the stormwater management program, the 304(1) program, the 
water quality standards program, and the National Pollutant Dis
charge Elimination System (NPDES) program. States are authorized 
by EPA to implement certain portions of the national toxics con
trol program, such as the NPDES program. Scientific and techni
cal guidance is developed and published by EPA to assist the 
States. EPA is required by the CWA and federal regulations to play 
an oversight role to ensure that States authorized to implement 
various program requirements do so in accordance with federal 
regulations. 
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States are given discretion in the CWA to establish and implement 
water quality standards. As such, there may be differences in 
toxics control programs between States. EPA's oversight role is to 
ensure that each State's program is technically sound and that 
each State fully implements its program. 

Throughout the evolution of the toxics control program, EPA has 
provided guidance concerning new program initiatives, statutory 
developments, and regulatory requirements. In 1980, EPA em
phasized in its preamble to NPDES regulations (45 FR 33520) that 
NPDES permit limitations must reflect the most stringent of tech
nology-based, water quality-based controls, or other standards 
required by the CWA (e.g., ocean discharge requirements under 
Section 403 and taxies standards or prohibition under Section 
307[a]). EPA reiterated the significance of surface water taxies 
control in 1 984 through the publication of its national policy 
statement entitled, "Policy for the Development of Water Quality
Based Permit Limitations for Toxic Pollutants" ( 49 FR 9016, March 
9, 1 984). EPA recommended the use of "biological techniques as 
a complement to chemical-specific analyses to assess effluent 
discharges and express permit limitations" (49 FR 901 7). The 
preamble to additional regulations promulgated in 1984 (49 FR 
37998) stressed the importance of establishing effluent limita
tions in NPDES permits to control toxic pollutants. Regulatory 
provisions promulgated on june 2, 1989 (54 FR 23868), clarify EPA's 
surface water toxics control program and the use of whole effluent 
toxicity, and implement CWA Section 304(1) concerning the 
identification of impaired waters and the development of individual 
control strategies. 

The control of toxic discharges to the Nation's waters is an 
important objective of the CWA. To effectively accomplish this 
objective, EPA recommends the use of an integrated water qual
ity-based approach for controlling toxic discharges. EPA's inte
grated "standards to permits" approach, illustrated in the figure, 
starts with water quality criteria, objectives, and standards and 
results in NPDES permit limits to control toxic pollutants through 
the use of both chemical-specific and whole effluent toxicity 
limitations. limitations are essential for controlling the discharge 
of toxic pollutants to the Nation's water. Once NPDES permit 
limits are set, compliance is esse':ltial. Compliance can be ascer
tained by continual routine monitoring of effluent quality. Water 
quality-based effluent limitations when developed in accordance 
with the procedures in this document, will protect water quality 
and prevent the violation of State water quality standards. 
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1. APPROACHES TO WATER QUALITY-BASED TOXICS 
CONTROL 

1.1 INTRODUCTION 

In this chapter, basic principles are presented that cover the 
protection of aquatic life and the protection of human health 
from impacts caused by the release of toxics to the Nation's 
surface waters. Protection against toxic releases is called for under 
Section 1 01 (a)(3) of the Clean Water Act (ONA), which states that 
"it is the national policy that the discharge of toxic pollutants in 
toxic amounts be prohibited." In addition, ONA Section 303(c) 
requires States to develop water quality standards to protect the 
public health or welfare, enhance the quality of water, and serve 
the purposes of the ON A. The control of the discharge of toxics is 
a paramount objective of the National Pollutant Discharge Elimi
nation System (NPDES) and water quality standards programs. 
The ONA and Environmental Protection Agency (EPA) regulations 
{described in Appendices 8-1 and 8-4, respectively) authorize and 
require the use of the "integrated strategy" to achieve and main
tain water quality standards. In addition, EPA policy and guidance 
have long advocated this approach (see Appendices 8-2 and B-3). 
For the protection of aquatic life, the integrated strategy involves 
the use of three control approaches: the chemical-specific control 
approach, the whole effluent toxicity control approach, and the 
biological criteria/bioassessment and biosurvey approach. How
ever, for the protection of human health, technical constraints do 
not yet allow for full reliance on an integrated strategy, and thus 
primarily chemical-specific assessment and control techniques 
should be employed. 

The integrated approach to water quality-based taxies control, 
including the use of toxicity testing and whole effluent toxicity 
limits, chemical-specific testing and limits, and biological criteria 
using bioassessments/biosurveys, relies on the water quality stan
dards that each State has adopted. All States have water quality 
standards consisting of both chemical-specific numeric criteria for 
individual pollutants, and narrative "free from toxics in toxic 
amounts" criteria. Currently, a few States have incorporated bio
logical criteria into water quality standards. 

The narrative water quality criteria in all States generally require 
that the State waters be free from oil, scum, floating debris, 
materials that will cause odors, materials that are unsightly or 
deleterious, materials that will cause a nuisance, or substances in 
concentrations that are toxic to aquatic life. wildlife. or human 
health. The use of toxicity testing and whole effluent toxicity 
limits is based upon a State's narrative water quality criterion and/ 
or in some cases, a State numeric criterion for toxicity. 

Chemical-specific numeric criteria have been adopted by each 
State. In many cases, States have adopted EPA-recommended 
water quality criteria as a part of their water quality standards [1, 
2]. {See Chapter 2, Water Quality Criteria and Standards, for 
further information.) These State-adopted numeric chemical cri
teria provide the basis upon which specific chemicals can be 
limited in permits. Where States have not developed chemical-

specific numeric criteria, States may interpret their narrative stan
dards for specific chemicals by using EPA criteria updated with 
current quantitative risk values. 

Biological criteria provide a direct measure of ambient aquatic life 
and overall biological integrity in a waterbody. Biological criteria 
constitute one basis for limits that will protect the biological 
integrity of a surface water. 

The integrated approach must include the control of toxics through 
implementation of the narrative "no toxics" criterion and/or nu
meric criteria for the parameter toxicity, the control of individual 
pollutants for which specific chemical water quality criteria exist in 
a State's standards, as well as use of biological criteria. Reliance 
solely on the chemical-specific numeric criteria or the narrative 
criterion or biological criteria would result in only a partially 
effective State toxics control program. In the discussion that 
follows, each control approach is described in greater detail as 
well as how each of the approaches complement the other two 
by providing additional information for the protection of water 
quality. 

1.2 CHEMICAL.SPECIFIC APPROACH FOR AQUATIC 
UFE PROTECTION 

The chemical-specific approach to toxics control for the protec
tion of aquatic life uses specific chemical effluent limits in NPDES 
permits to control the discharge of taxies. These limits are 
developed from laboratory-derived, biologically based numeric 
water quality criteria adopted within a State's water quality stan
dards. Water quality criteria are adopted by a State for the 
protection of the designated uses of the receiving water. Chemi
cal-specific water quality-based limits in NPDES permits involve a 
site-specific evaluation of the discharge and its effect upon the 
receiving water. This may include collection of effluent and 
receiving water data and result in the development of a wasteload 
allocation (WLA) and a total maximum daily load {TMDL) through 
modeling, a mixing zone analysis, and the calculation of permit 
limits. Once a numeric water quality criterion is adopted, chemi
cal-specific limits must be developed in NPDES permits to ensure 
that a permittee's discharge does not exceed acute or chronic 
water quality criteria for the pollutant in a receiving water if there 
is a reasonable potential for that discharge to cause or contribute 
to excursions of the criterion. These steps are discussed in Chap
ters 3, 4, and 5. 

EPA water quality criteria for the protection of aquatic life are 
developed under the requirements of ONA Section 304(a)(1) and 
are published by EPA in separate criteria documents and summa
rized in the Quality Criteria for Water [1 ]. Water quality criteria 
are derived scientifically and attempt to consider a wide range of 
toxic endpoints including acute and chronic impacts and 



bioaccumulation. Each criteria consists of two values-an acute 
and a chronic value. Criteria are developed using the latest 
scientific knowledge on the kind and extent of identifiable effects 
on organisms, mch as plankton, fish, shellfish, wildlife, and plant 
life, which may be expected from the presence of polluUints in 
any body of water. Water quality criteria also reflect the concen
tration and dispersal of pollutants, or their byproducts, through 
biological, physical, and chemical processes, and the effects of 
pollutants on biological community diversity, productivity, and 
~tability of the receiving water (1]. They can be used to assess and 
control a variety of water quality impacts. Chapter 2 provides a 
more detailed discussion of the derivation of numeric criteria. 
Recommendations for using chemical-specific data to determine 
which individual toxicants need to be controlled are found in 
Chapter 3. Legal requirements, including chemical-specific limits 
in permits, are found in Chapter 5. 

1 .2.1 ConelatiDtl of Chenllt:lll.-nc All 
llet:eMng W8t8t llrlpllcts 

EPA has conducted a series of studies to determine whether its 
water quality criteria concentrations are protective of aquatic life 
in receiving water systems. The first study was conducted at 
Shayler Run, Ohio, to evaluate the applicability of laboratory
generated toxicity data to a natural stream artificially dosed with 
copper to provide steady concentrations (3]. The results of the 
study indicate that several characteristics of site-specific water 
quality affect the toxicity of copper. The results also indicate that 
avoidance of elevated concentration areas by instream organisms 
can produce observable ecological changes at concentrations 
below those found to be harmful in laboratory toxicity tests. No 

instream effects were observed at continuous exposure concen
trations near EPA's current chronic criterion, applied at the water 
hardness of Shayler Run. 

Studies performed on experimentAl! streams at EPA's Monticello 
Ecological Research Station (MERS) indicate good agreement be
tween EPA's criteria concentrations and the instream concentra
tions producing aquatic life effects under steady exposure condi
tions [4-13]. EPA's water quality criteria are not threshold levels 
above which definite measurable instream effects are always ex
pected. Rather, the criteria embody conservative assumptions 
such that small excursions above the criteria should not result in 
measurable environmental impacts upon the biota. The data 
indicate that if the ambient water quality criteria are met, then the 
biota in the receiving water system will be protected from unac
ceptable impacts caused by the chemical of concern. The studies 
conducted by MERS are described in greater detail in Box 1-1 and 
Tables 1-1 and 1-2. 

1.2.2 Chlltll/t:a/-fPIICiflt: Allalytlcal Method l'rtlcls/1111 
Tables 1-3 to 1-5 illustrate the types of precision commonly seen 
in inorganic, organic, and nonmetal inorganic chemical analyses 
that are routinely used for determining concentrations of specific 
pollutants in effluents. These tables show the observed variability. 
The variability of chemical measurements increases as one ap
proaches the limit of detectability for a chemical. Table 1-3 shows 
the interlaboratory precision of 1 0 metA! Is. The coefficient of 
variation (01), defined as the standard deviation divided by the 
mean x 100, for these analyses ranges from 18 percent to 
129 percent [15]. Table 1-4 shows the interlaboratory precision 

Box 1-1. Correlation of Chemical-specific Criteria to lnstream Impacts 

In studying the field applicability of EPA's water quality criteria in freshwater systems, MERS (Monticello 
Ecological Research Station) conducted studies in experimental streams {4-14] to determine the level of 
protection provided by the individual chemical criteria. Each of the streams was one-quarter mile long with 
alternating mud-bottomed pools and rocky riffles. Fish were stocked into the streams to a known population 
density while other plants and animals were the result of natural colonization. 

The chemicals studied were ammonia, chlorine, chlorine combined with ammonia, selenium, and pentachloro
phenol. Some studies were conducted during a summer (pentachlorophenol) while others continued for more 
than 2 years (selenium IV). Tables 1-1 and 1-2 show sample data on ammonia and ammonia combined with 
chlorine. In all experiments, the streams were dosed continuously with the chemical(s) being studied and the 
biological effects were determined statistically by a comparison to the control streams. The concentration at 
which biological effects occurred were then compared to the EPA criteria continuous concentration (CCC) for 
that compound. 

With the exception of chlorine in the presence of ammonia, the data from the other experiments indicate that 
slight or no effects were found in the streams at the CCC. This indicates that the CCC is providing chronic 
protection at the recommended concentration for that particular chemical. In the case of chlorine combined 
with ammonia, a substantial impact was found, but only on one species, the channel catfish. Because the CCC is 
designed to protect most, but not all of the species all of the time (see discussion in Chapter 2 on EPA Ambient 
Water Quality Criteria), slight impacts may be expected under continuous exposure conditions. 
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Table 1-1. Effects in Streams Exposed to Ammonia [8-13] 

Effects 

Indicator Criteriaa 3X0 9Xc 

Fish 

Fathead minnow od 0 0 

Bluegill 0 0 ++ 

Channel catfish + ++ +++ 

White sucker 0 0 0 

Rainbow trout 0 0 ++ 

Walleye 0 0 ++ 

Benthic Invertebrates 0 + ++ 

Zooplankton 0 + + 

Notes 
a Criteria = 0.05 mg/1 unionized ammonia (NH3) at average stream pH and tem

perature; l.O mg/1 total ammonia was added to reach this concentration; 
concentrations of unionized ammonia varied daily and seasonally due to natural 
pH and temperature fluctuations. 

b 3X =Three times criteria concentration based on input of 3 mg/1 total ammonia. 
< 9X = Nine times criteria concentration based on input of 9 mg/1 total ammonia. 
d 0 = No difference from controls; +'s represent gradation of differences from 

controls ranging from slight (+)to dramatic(++++). 

Table 1-2. Effects in Streams Exposed to Ammonia 
and Chlorine [8-13] 

Effects 

Indicator 4 ug/la 35 ug/1 122 ug/1 

Fish 

Channel catfish ++b ++ +++ 

Bluegill 0 0 0 

Benthic invertebrates 0 + ++ 

Zooplankton 0 0 0 

Bacteria + ++ +++ 

Periphyton 0 0 0 

Primary production 0 0 0 

Litter decomposition + + ++ 
Aquatic plants 0 0 0 

Notes 
a Average concentrations of TRC in presence of 2mg/l to 3mg/l total ammonia; 

national criteria for chlorine = 11 ug/1. 
b 0 = No difference from controls; +'s represent gradation of differences from 

controls ranging from slight(+) to dramatic(++++). 
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Table 1-3. Interlaboratory Precision of Inorganic Analysis 
at the Low End of the Measurement Detection Range [15] 

Analyte No. of Labs OJ(%) 

Aluminum 37 43 

Cadmium 63 66 

Chromium 72 40 

Copper 86 36 

Iron 78 38 

Lead 64 46 

Manganese 55 129 

Mercury 76 79 

Silver 50 18 

Zinc 62 118 

Table 1-4. Interlaboratory Precision Ranges for Organic 
Chemical Analysis 

EPA 
Chemical No. OJ %Data Document 

Labs (%) Discarded' Referenced 

Benzene 
4 Chlorobenzenes 20 31-64 10 600/54-84-064 
Ethyl benzene 
Toluene 

23 Halocarbons 20 16-29 ? 600/54-84-064 
4 Halocarbons 20 40-50 ? 

11 Phenols 20 20-45 20 600/54-84-044 

38-64 ? 

Benzidine 17 38-69 ? 600/54-84-062 
3, 3-Dichlorozidine 

6 Pthalate esthers 16 ? 22 600/54-84-056 

3 Nitrosamines 17 ? 19 600/54-84-051 

24 Organochlorine 22 >12-45 ? 600/54-84-061 
Pesticides and PCBs 

16 PNAs ? 16-91 ? 600/54-84-063 

• Discarded as outliers. 
It is important to note that in many chemical analyses a decision may be made 
that certain anomalous data poinu, or outliers, are unusable and are not re
ported as valid data points. This type of data evaluation is made because in 
chemical analyses it is routine to repeat the analysis with the same sample and 
reference standard until an acceptable result is obtained. 



Table 1-5. Interlaboratory Precision of Nonmetal Inorganic 
Analyses Over the Measurement Range [15] 

No. 
lab Parameter CV(o/o)Range 

17 Alkalinity 4.9-14 

>20 Residual chlorine 13-25 

16 Ammonia nitrogen 15-58 

6 Kieldahl nitrogen, total 38-41 

15 N03 nitrogen 17-61 

6 Total P 25-40 

58 BOD 15-33 

58 COD 6.9-34 

21 roc 4.6-70 

associated with organic chemical analyses. The CVs range from 
12 percent to 91 percent. Table 1-5 demonstrates the 
interlaboratory precision of nonmetal inorganic analyses at the 
lower end of the measurement range. The CVs for this type of 
analyses range from 4.6 percent to 61 percent (15 ]. The data in 
Tables 1-3 to 1-5 reflect testing in reagent grade water. Actual 
CVs from testing effluents can be higher due to matrix effects. 
However, in 40 CFR Part 1 36 analytical methods, matrix effects 
are acknowledged. 

1.3 WHOLE EFFWENT APPROACH FOR AQUAnc UFE 
PROTECTION 

The whole effluent approach to taxies control for the protection 
of aquatic life involves the use of acute and chronic toxicity tests 
to measure the toxicity of wastewaters. Whole effluent toxicity is 
a useful parameter for assessing and protecting against impacts 
upon water quality and designated uses caused by the aggregate 
toxic effect of the discharge of pollutants [ 16 ). Whole effluent 
toxicity tests employ the use of standardized, surrogate freshwa
ter or marine (depending upon the mixture of effluent and receiv
ing water) plants, invertebrates, and vertebrates. EPA has published 
extensive written protocols listing numerous marine and freshwa
ter species for toxicity testing [1 7, 18, 19]. 

An acute toxicity test is defined as a test of 96-hours or less in 
duration in which lethality is the measured endpoint. A chronic 
toxicity test is defined as a long-term test in which sublethal 
effects, such as fertilization, growth, and reproduction, are usually 
measured, in addition to lethality. Traditionally, chronic tests are 
full life-cycle tests or a shortened test of about 30 days known as 
an early life stage test. However, the duration of most of the EPA 
chronic toxicity tests have been shortened to 7 days by focusing 
on the most sensitive life-cycle stages. For this reason the EPA 
chronic tests are called short-term chronic tests. Box 1-2 summa
rizes the short-term chronic tests currently recommended by EPA. 
The acute and short-term chronic methods recommended by EPA 
are presented in three methods manuals [17, 18, 19]. 
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In a laboratory acute toxicity test, an effluent sample is collected, 
diluted, and placed in test chambers with the chosen test species. 
After 24, 48, 72, and 96 hours, the number of live organisms 
remaining in each test concentration and in a control is recorded. 
In a laboratory chronic toxicity test, an effluent sample is col
lected, diluted, and placed in test chambers. An example of a di
lution series used in chronic or acute tests is 1 00, 50, 25, 12.5, 
and 6.25 percent, and a control. Test organisms are placed in 
these test chambers for specified periods of time. At various times 
during the exposure period, the organisms in each chamber are 
observed. In the short-term chronic tests, at test termination, the 
lowest effluent concentration that causes a significant adverse 
impact on the most sensitive endpoint for that test is calculated 
(this endpoint can be mortality, reduced fertilization, lower fecun
dity, reduced growth, etc.). In the acute tests, at test termination, 
the number of dead organisms are recorded and an LCso is cal
culated. 

Dilution water is an important part of toxicity testing. Dilution 
water may either be standard laboratory water and/or the receiv
ing water. Sometimes the receiving water is used to dilute the 
effluent because it more closely simulates effluent/receiving water 
interactions. This may be especially important in the case of saline 
receiving waters. The salinity of the receiving water should be 
matched as closely as possible to the salinity in the test chambers 
(within the salinity range constraints of a particular method) for 
the purposes of conducting the tests. 

Quality control and quality assurance are an integral part of whole 
effluent toxicity testing. Use of a standard control water and a 
reference toxicant test are both recommended to ensure quality 
assurance in chronic testing. It is important to understand that 
each of the chronic tests has minimum criteria of acceptability for 
each endpoint that is measured in the controls (i.e., 80 percent 
survival and minimum criteria for growth, reproduction, and 
fertilization). The acute tests also have criteria of acceptability 
measured in the controls. 

Acute toxicity endpoints (ATEs) commonly include lethal concen
trations (lCs) and are described in terms of effluent concentra
tions. The LC is the concentration of toxicant at which a certain 
percentage of the test organisms die, e.g., the LC 1 o or LCso· An 
exposure duration also is included in the endpoint such as 24, 48, 
72, or 96 hours (e.g., 96-hour LCso). 

Commonly used chronic toxicity endpoints (CTEs) include the no 
observed effect concentration (NOEC), the lowest observed effect 
concentration (LOEC), and the effect concentration (EC). The 
NOEC is the highest concentration of toxicant, in tenms of per
cent effluent, to which the test organisms are exposed that causes 
no observable adverse effect. The effects measured may include 
decreases in reproduction and growth, or lethality. The LOEC is 
the lowest concentration of toxicant to which the test organisms 
are exposed that causes an observed effect. Again, the same 
effects are usually observed. The EC is the toxicant concentration 
that would cause an adverse effect upon a certain percentage of 
the test organisms, (e.g., EC1 0 or ECso). 

In chronic toxicity tests, the exposure duration in the EPA testing 
protocols is almost always assumed to be the 7-day short-term 
period unless otherwise specified in the protocol. For example, 
the Ceriodaphnia test must be continued until at least 60 percent 



Box 1-2. Short-term Chronic Toxicity Methods 

Species/Common Name Test Duration Test Endpoints 

Freshwater Species 

Ceriodaphnia dubio Approximately 7 days Survival, reproduction 

Cladoceran (until 60 percent of control 

have 3 broods) 

Pimephales promelas 7 days 

Fathead minnow 

Pimephales promelas 7-9 days 

Fathead minnow 

Selenastrum capricornutum 96 hours 

Freshwater algae 

Marine/Estuarine Species 

Arbacia punctulata 1.5 hours 

Sea urchin 

Champia parvula 7-9 days 

Red macroalgae 

Mysidopsis bahia 7 days 

Mysid 

Cypn"nodon variegatus 7 days 

Sheepshead minnow 

Cyprinodon variegatus 7-9 days 

Sheepshead minnow 

Menidia beryl/ina 7 days 

Inland silverside 

of the females produce three broods. This may require more or 
less than 7 days to occur. 

It is useful to note that LCs and ECs are point estimates statistically 
derived from a mathematical model that assumes a continuous 
dose-response relationship. NOECs and LOECs, statistically deter
mined using hypothesis testing, are not point estimates (18]. In 
order to overcome the difficulty in statistically deriving the NOEC 
using hypothesis testing, a new statistical procedure has been 
developed. This procedure, referred to as the inhibition concen
tration (IC), is a point estimate interpolated from the actual 
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Larval growth, survival 

Embryo-larval survival, 

percent hatch, 

percent abnormality 

Growth 

Fertilization 

Cystocarp production 

(fertilization) 

Growth, survival, fecundity 

Larval growth, survival 

Embryo-larval survival, 

percent hatch, 

percent abnormality 

Larval growth, survival 

effluent concentrations at which measured effects occurred dur
ing a chronic test. The IC is an estimate of the toxicant concentra
tion that would cause a given percent reduction in a biological 
measurement of the test organisms, including reproduction, 
growth, fertilization, or mortality. For example, an IC2s for re
production would represent the effluent concentration at which a 
25-percent reduction in reproduction occurred. 

Since the IC is a point estimate, a OJ can be calculated. A OJ 
cannot be calculated if hypothesis testing is used because results 
are only available for the effluent concentrations used. For this 



reason, estimates of test precision cannot be calculated for NOECs 
derived by hypothesis testing. 

The IC also is not dependent upon the selection of the effluent 
concentrations. In contrast, NOECs calculated by hypothesis 
testing are dependent upon the concentrations initially selected. 
For example, if a chronic test is conducted using 1 00, 50, 25, 
12.5, and 6.25 percent effluent concentrations, and the LOEC 
exhibited by the data is at 25 percent effluent, the NOEC calcu
lated by hypothesis testing is estimated to be the next lowest 
dilution, or 12.5 percent. However, the true NOEC value may lie 
somewhere between 25 percent and 12.5 percent effluent. 

Comparisons of both types of data indicate that an NOEC derived 
using the IC2s is approximately the analogue of an NOEC derived 
using hypothesis testing (see Figure 1-1 ). For the above reasons, 
if possible, the IC25 is the preferred statistical method for deter
mining the NOEC. 

Another important issue in conducting both acute and short-term 
chronic toxicity tests is the dilution series. The EPA methods 
manuals recommend six dilutions, including the control. The 
only exception to this is a toxicity test conducted on ambient 
receiving waters. Then, each ambient receiving water is com
pared statistically to the control without dilutions. It is not 
accurate to assume that two dilutions (the receiving water con
centration [RWC] and control) are all that are ultimately necessary 
for determining compliance with a toxicity limit. If the toxicity 
tests are conducted with only the control and one effluent con
centration (i.e., the RWC), the error and variability associated with 
this type of statistical analysis is large (20]. 
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For the above reasons, EPA recommends the use of five effluent 
concentrations and a control to determine the magnitude of 
toxicity. When conducting compliance monitoring, an option is 
to choose the five concentrations that bracket the RWC (two 
concentrations above and two below). This would result in the 
determination of compliance status as well as a statistically valid 
estimation of the NOEC. The information provided from the full 
dilution series would indicate how close the test endpoints are to 
the permit limit and how close to violating the limit the discharger 
is, and, if measured over time, the variability of the effluent. 

1.3. 1 Toxic IJRIIJ 
Since toxicity involves an inverse relationship to EC (the lower the 
EC, the higher the toxicity of the effluent), it is more understand
able to translate concentration-based toxicity measurements into 
toxic units (TUs). In this way, the potential confusion involving 
the inverse relationship is overcome and the permit limit deriva
tion process is better served. The number of toxic units in an 
effluent is defined as 1 00 divided by the EC measured: 

TUa = 1 00/LCso 

TU, = 1 00/NOEC. 

For example, an effluent with an acute toxicity of an LC5o in 
5 percent effluent is an effluent containing 20 TUas. 

A very important aspect of toxic units is that two different types 
are used depending on whether acute or chronic aquatic toxicity 
is measured. The proper expressions for toxic units are TUa and 

17.4% 17.4% 

n=4 n=4 

n::O 

IC30 ICso 

Figure 1-1. This figure represents the percentage of the time the mean NOEC was approximately equivalent to an lC 1 o- IC 1 s. IC 2.0t 
IC25, IC3o- and lCso for all 23 effluent and reference toxicant data sets analyzed. The data sets included short-term chronic 
toxicity test for Ceriodophnio dubio, Pimepho/es promelos (fathead minnows), Arbocio punctuloto (sea urchin), Cyprinodon voriegotus 
(sheepshead minnows), and Chompio porvulo (red algae) [21]. 
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TUc- TUa is the measurement of acute toxicity units and TUc is a 
measurement of chronic toxicity units. (See the glossary for a 
definition of these terms.) They are not the same measurement 
and should not be used interchangeably. Acute and chronic TUs 
make it easy to quantify the toxicity of an effluent and to specify 
water quality criteria based upon toxicity. For example, an efflu
ent sample that contains 20 TUcs is twice as toxic as an effluent 
that contains 1 0 TUes. 

1.3.2 Correlation of Whole ENiullllt Toxlc/q M8asurBmtHtls to 
Actual Recelrtng watBt Impact 

EPA conducted the Complex Effluent Toxicity Testing Program 
(CETIP) that examined sites in both freshwater and saltwater 
systems to investigate whether or not an evaluation of effluent 
toxicity, when adequately related to receiving water conditions 
(i.e., temperature, pH, salinity), can give a valid assessment of 
receiving system impacts on waters that support aquatic biota 
[22-25]. Summaries of these site studies are provided in Box 1-3 
(freshwater) and Box 1-4 (saltwater). In addition, three other 
studies, presented in Box 1-3, were conducted to address this 
issue: a comparative investigation conducted by the University of 
Kentucky [26], a second study on the Trinity River in Texas 
conducted by the University of North Texas [27], and a third 
study conducted by the North Carolina Division of Environmental 
Management [28]. 

It is important to note that in these studies, different objectives 
were addressed. The CETIP freshwater studies attempted to 
correlate receiving water chronic toxicity measured by EPA toxic
ity tests to instream observed impacts (Figure 1-2). The CETIP 
saltwater studies compared effluent toxicity to ambient receiving 
water toxicity using dye studies to measure receiving water con
centrations of effluent. The North Carolina study compared 

effluent toxicity to receiving water impact using Ceriodaphnia 
chronic toxicity tests and receiving stream benthic 
macroinvertebrates (Figure 1-3). The Kentucky study examined 
the relationship between effluent toxicity tests and instream eco
logical parameters. The Trinity River study attempted to spatially 
compare the biological, physical, and chemical water quality and 
sediment quality of Trinity River reaches above and below the 
Dallas/Fort Worth area (Figure 1-4). 

Together, these studies comprise a large data base specifically 
collected to determine the validity of toxicity tests to predict 
receiving water community impact. In order to address the 
correlation of effluent and ambient toxicity tests to receiving 
water impacts, EPA evaluated the results of the studies discussed 
above [29]. The results, when linked together, clearly show that if 
toxicity is present after considering dilution, impact will also be 
present. 

Parkhurst et al., were requested by representatives of industrial 
and municipal discharges to critique the CETIP studies [30]. One 
major criticism was that the EPA study sites were not selected 
randomly and therefore the results of the studies cannot be 
extended to all waters. EPA agrees that the CETIP sites were not 
selected to represent a statistically valid sampling of all types of 
waterbodies in the United States. A representative sampling of 
receiving water would require assessment of more sites than EPA 
could study in a comprehensive manner. Such a sampling was 
beyond the capability of EPA's resources. However, the CETIP 
and corresponding studies such as the Trinity River study [27] did 
show unequivocally that a strong correlation exists between tox
icity and a biological impact. 

EPA believes that it is reasonable to assume in the absence of data 
showing otherwise that this relationship is basically independent 

Box 1-3. Correlation of Toxicity Measurements to Receiving Water Impact (Freshwater) 

EPA conducted eight freshwater site studies in which ambient toxicity was compared to the receiving water 
biological impact. These site studies were a part of the Complex Effluent Toxicity Testing Program {CETIP). 
Testing was done onsite concurrent with the field surveys. Sites exhibiting biological impacts in Oklahoma, 
Alabama, Maryland, West Virginia, Ohio, and Connecticut were included. Organisms were exposed to samples 
of water from various stations and tested for toxicity. Biological surveys (quantitative field sampling of fish, 
invertebrate, zooplankton, and periphyton communities in the receiving water areas upstream and downstream 
of the discharge points) were made at these stations at the same time the toxicity was tested to see how well the 
measured toxicity correlated to the health of the community. These studies have been reviewed and published in 
the EPA publication series [23, 31-38]. 

Figure 1-2 illustrates the data from the CETIP studies. A robust canonical correlation analysis was performed to 
determine whether or not statistically significant relationships existed between the ambient toxicity tests and 
instream biological response variables and to identify which variables played an important role in that relation
ship [29]. Influential variables were then used to classify stations as either impacted or not. Ceriodaphnia dubio 
productivity and/or Pimephales promelas weight were used as the basis for predicting impact. Fish richness was 
used to classify streams as impact observed or impact not observed. 
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Box 1-3. Correlation of Toxicity Measurements to Receiving 
Water Impact (Freshwater) (continued) 

Classification was based on the relative performance of the stations on each stream in the study. Percentiles of 
the appropriate distribution (normal for toxicity variables, and Poisson for fish richness) were used to set cutoffs 
for classification. Two-way contingency tables representing stations as impact predicted or not, and impact 
observed or not were prepared from a variety of cutoffs (percentages). The exact test for independence was 
performed on each contingency table. 

If toxicity test results were used to classify sites as impacted or not (predicted classification) and if a strong 
relationship does exist between ambient toxicity and biological response, then the classification of stations 
according to biological response should closely match the predicted classification. Hence, the errors in 
misclassification should be small. 

Figure 1-2, developed using a 95 percent-95 percent cutoff, shows that false positives (impact predicted but 
none found) occurred at 7.5 percent of the 80 stations. The probability of getting no more than 7.5 percent false 
positives under the null hypothesis that there is no relationship between ambient toxicity and biological response 
is Jess than p=0.001. As discussed above, this is the only definitive error that can be identified in such 
comparisons. The correct or noncontradictory findings (no measured toxicity but observed impacts) were 
92.5 percent of the stations. A variety of other cutoff criteria combinations were evaluated and the number of 
false positives remained in the 7 percent to 8 percent range. Therefore, a discharger's chance of being charged 
incorrectly with causing instream toxicity is low if and only if dilution in the receiving water is considered. 

A comparative time series study conducted on the Trinity River in Texas that used the same classification method 
as the CETTP studies also showed a strong relationship between ambient toxicity and instream biological 
response (Figure l-2). False positives (impact predicted but not observed) had a frequency of 8.3 percent. 
Overall there was a 91.7-percent accuracy of prediction or noncontradictory findings [29], and the probability of 
a false positive (impact predicted but not observed/impact predicted) ranged from 8 percent to 11 percent in 
these studies. 

Another study conducted by the North Carolina Division of Environmental Management indicated the high 
accuracy of predicting receiving water impacts from whole effluent toxicity tests. Forty-three comparisons were 
made between freshwater flowing streams using the Ceriodaphnia dubio chronic test and a qualitative 
macroinvertebrate sampling. Overall there was 88 percent accuracy of prediction (Figure 1-3) [28]. 

In addition, another comparative study was conducted in the Kentucky River Basin [26]. This study consisted of a 
comparative ecological and toxicological investigation of a secondary wastewater treatment plant and measured 
instream effects at 1 0 stations including reference sites. The principal objective of the study was to assess 
downstream persistence of aquatic contaminants, to quantify their effects on structure and function of aquatic 
communities, and to evaluate the fathead minnow embryo-larval test for measuring instream toxicity and 
estimating chronic effects on aquatic biota. The results of the study indicate a good predictive correlation 
between embryo-larval survival and independent ecological parameters, especially species richness of 
macroinvertebrates. The correlation coefficients for species richness and embryo-larval survival was 0.96, and for 
embryo-larval survival and diversity, it was 0.93. The estimated toxicity (LC 1) correlated closely with the actual 
percent instream effluent dilution observed at the first downstream station at which no ecological impact was 
discernable. 

Using the statistical classification previously described in the CETTP and Trinity River studies, an analysis was 
conducted on the combined data sets of the CETTP, Trinity River, and Kentucky River Basin data. Because the 
North Carolina study was based on the Ceriodaphnia dubio chronic test and a qualitative macroinvertebrate sam
pling, the data were not amenable to this type of statistical analysis. This combined analysis is illustrated in Figure 
1-.S. The probability of getting no more than 9.4 percent false positives (impact predicted/impact not observed) 
when the null hypothesis (no relationship between ambient toxicity and biological response) is less than 
p=0.0028. 
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Box 1-4. Correlation of Effluent Toxicity Measurements to 
Receiving Water Toxicity (Saltwater) 

In saltwater systems, as in freshwater systems, receiving water impact should only be seen where receiving water 
waste concentrations are at or above the effect concentrations. Dilution in marine and estuarine systems may be 
greater due to large and/or complex mixing than most freshwater systems. As a result, there is a less likely chance 
for receiving water impacts to be observed in saltwater systems as predicted by toxicity tests. 

Figure 1-6 illustrates the comparison between predictions of saltwater receiving water toxicity and whole effluent 
toxicity. Toxicity test data from 79 ambient stations (four study sites) were compared to effluent toxicity test 
results from an isolated discharge at each site. All receiving water toxicity to effluent toxicity correlations are 
based on dye studies conducted at each of the four sites to determine the actual dilution. 

Most of the sites were selected because the discharge was isolated from other point sources and potential 
impacts from other point sources was anticipated to be negligible. Two of these studies indicated near-field 
effects, generally within the mixing zone. One study conducted at Fernandina Beach, Florida [25], showed 
impacts outside the proposed mixing zone. Results of another study (East Greenwich) indicated the existence of 
poor water quality well beyond the influence of the East Greenwich Sewage Treatment Plant and suggests that 
other sources (point or nonpoint) may contribute significantly [25, 39, 40]. This condition may be typical in 
some of the more stressed estuaries. 

In a total of 79 comparisons, 11 out of 15 (73 percent) of the receiving water samples predicted to be toxic were 
toxic. This constitutes 14 percent of the total comparisons. Toxicity was not predicted in the receiving water and 
toxicity was not seen in the receiving water 59 out of 64 times (92 percent). This constitutes 75 percent of the 
total comparisons. 

In 5 percent of the total comparisons there was a false negative prediction, or the toxicity tests predicted no 
toxicity when the receiving water was toxic [24]. As previously discussed, toxicity is only one possible adverse 
influence. Since only toxicity is measured, a very high correlation should not be expected necessarily because 
receiving water biological impacts may be attributed to other sources or factors. 

The results of the studies at these four sites indicates a 94 percent accuracy when using the marine and estuarine 
toxicity tests to predict receiving water impacts. In only 6 percent of the cases did effluent toxicity tests predict 
receiving water toxicity that was not present (false positive). 

of waterbody type. Also, this was not the objective of the CETIP 
studies. The CETIP purpose was to determine if toxicity and 
impacts to biological communities are found concurrently in 
receiving waters. Therefore, EPA disagrees that this is a reason to 
conclude that the CETIP studies failed to show the validity of 
toxicity tests to predict water quality impact. 

Another criticism was the studies did not investigate replication of 
results over time. However, toxicity results cannot be expected to 
be replicated over time in waters where river flow and other time
variant factors change the degree of ambient toxicity. Indeed, 
the Kanawa River and Five-Mile Creek data showed that ambient 
toxicity did not occur at high river flows whereas it was found at 
low flows; this was an expected result. The objective of the CETIP 
studies was to see if impact was present when effluent toxicity 
exceeds the available effluent dilution. This objective was achieved 
by the studies. 
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Another major criticism was the correlation between toxicity tests 
and biological impact relied extensively upon maximum impact 
responses and that correlation was poor when data from high 
flow events and lesser toxicity discharges (minimal impact re
sponses) were added. EPA acknowledges that impact correlations 
will be higher where higher toxic impact occurs and lower where 
impacts are expected to be minimal. Such a response is expected 
given the complexity of ecosystems and that biological communi
ties and species have different sensitivities to toxicants and may 
respond differently. Also, higher river dilution will reduce the 
potential instream impact from effluent toxicity. However, this 
observation does not disprove that the CETIP and other studies 
showed a statistically sound relationship to correlate toxicity to 
the existence of a biological ambient impact. Therefore, EPA still 
concludes that control of toxicity is a valid approach for protect
ing ambient water quality. 

In addition, other studies confirm that effluent toxicity, when 
adequately related to ambient conditions, can give a valid assess-
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ment of receiving water impact [3, 24, 26-29, 39, 41 ]. These 
studies tested waters other than those studied under CETTP. 

It is important to recognize that toxicity caused by contaminants 
in the effluent, as measured by the whole effluent toxicity tests, is 
only one of many influences that determine the health of a 
biological community. Impact from toxics would only be sus
pected where effluent concentrations after dilution are at or 
above the toxicity effect concentrations. Influences from sub
strate differences and physical conditions, such as dissolved oxy
gen, temperature, channelization, flooding and weather cycles, 
also can affect the biological community adversely. These other 
types of influences may be better evaluated by using a 
bioassessment approach. However, the existence of these other 
factors concurrently with toxicity does not absolve a regulatory 
authority from controlling the discharge of toxicity if the State has 
established a designated use to protect aquatic biota. 

The value of the toxicity test is its ability to assess the impact of 
discharged toxicants independent of effects from other factors. 
This allows regulatory authorities specifically to identify and con
trol the portion of the impact caused by the discharge. Biological, 
physical, and chemical factors of the community can influence 
the actual effects that effluent toxicity may cause in the receiving 
water, and further emphasize the need for a totally integrated 
water quality-based approach. 

1 .3.3 Toxicity Test Method Precision 
like all measurements, toxicity tests exhibit variability. Toxicity 
test variability can be described in terms of two types of preci
sion-"within" or intralaboratory precision, and round robin or 
interlaboratory precision. lntralaboratory precision is the ability of 
trained laboratory personnel to obtain consistent results repeat
edly when performing the same test on the same species using 
the same toxicant. Interlaboratory precision (or round robin tests) 
is a measure of how reproducible a method is when conducted by 
a large number of laboratories using the same method, species, 
and toxicant or effluent. Generally, intralaboratory results are less 
variable than interlaboratory results. 

EPA believes that several toxicity test methods have a precision 
profile that can be reasonable to evaluate compliance with NPDES 
permits. The appropriateness of a given method can be deter
mined in a permit proceeding or, in part, by rulemaking. EPA has 
proposed a range of whole effluent toxicity test procedures in 40 
CFR 136 and may promulgate these methods soon. Current data, 
however, show that the precision profiles of a number of whole 
effluent toxicity tests is similar to already approved chemical
specific methods. 

Research into the precision of whole effluent toxicity methods by 
various groups (including EPA) has shown that toxicity test proce
dures exhibit variability [17-18, 19, 42-49]. In chronic toxicity 
tests, variability is measured close to the limit of detection because 
the endpoint of the test is already at the lower end of the 
biological method detection range (i.e., an NOEC). This is in 
contrast to acute toxicity tests where the test endpoint is normally 
calculated at midrange (i.e., LCso), but is sometimes calculated at 
the lower end of the biological detection range (i.e., LC,). 0/s 
cannot be calculated for NOEC endpoints determined using an 
analysis of variance (hypothesis testing) because this procedure 
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does not produce a statistical point estimate. However, 0/s can 
be calculated for NOECs if they are determined using the IC 
statistical procedure, and for EC and LC endpoints because they 
are all statistical point estimates. 

To facilitate the comparability between different NOEC calcula
tions using the IC2.s and the analysis of variance (hypothesis test
ing), Appendices A-1 and A-2 list NOEC results in terms of both. 
In some instances the IC2s could not be calculated based on sta
tistical assumptions and available data. In addition, there are 
some instances where an IC2s cannot be calculated because there 
was no toxic effect. In these cases, the CV for a method and 
reference toxicant was calculated using only data where IC25s could 
be calculated. 

A more detailed discussion of precision can be found in Box 1-5. 
Tables 1-6 and 1-7 summarize the intralaboratory precision for all 
10 EPA short-term chronic whole effluent toxicity tests and some 
acute toxicity tests. In addition, Table 1-8 summarizes the 
interlaboratory precision for three chronic test species and two 
acute test species using a variety of different compounds. 

In summary, whole effluent toxicity testing methods can repre
sent practical tests that estimate potential receiving water im
pacts. Permit limits that are developed correctly from whole 
effluent toxicity tests should protect aquatic biota if the discharged 
effluent meets the limits. It is important not to confuse permit 
limit variability with toxicity test variability. Chapter 5 discusses 
permit limit variability. 

1.3.4 Consllltntlons lnrolred Wilen Implementing the Whole 
Efll11ent Toxicity Approach 

An understanding of some basic considerations and toxicological 
principles is important in order to apply routinely the whole 
effluent approach to the assessment and control of municipal and 
industrial effluents. The following sections provide a more indepth 
discussion of each of these factors and principles. (Chapters 3 and 
5 discuss specific details for characterizing an effluent and deriv
ing permit limits.) 

OIISite r8ISUS Offslte Toxicity Testing 
Comparisons of toxicity data between tests conducted onsite and 
tests conducted offsite on samples shipped to Environmental 
Research Laboratory (ERL)-Duluth and (ERL)-Narragansett via air
freight have, with a few exceptions, shown little variation. For 
many effluents, onsite or offsite test data do not appear to be 
significantly different. The major consideration is cost. Cost also 
should be weighed against data needs to make the onsite/offsite 
determination. 

For example, if the presence in the effluent of nonpersistent 
compounds (i.e., chlorine or other volatiles) is suspected or known, 
then the regulatory authority may want to conduct onsite testing. 
If it is not considered important to the analysis of toxic impact, 
offsite testing is as acceptable as onsite testing. In general, offsite 
testing would be acceptable for most effluents except those with 
volatiles. When conducting flow-through toxicity tests which 
require a continuously pumped sample, onsite testing is strongly 
recommended. Regardless, cost considerations should not over-



Box 1-5. Toxicity Test Method Precision 

Precision can be described by the mean and relative standard deviation (percent coefficient of variation, or 
CV=standard deviation/mean x 1 00) of the calculated endpoints from the replicated toxicity tests. Several factors 
can affect the precision of the test, including test organism age, condition, sensitivity, temperature control, 
salinity, pH control, handling and feeding of the test organisms, and the training of laboratory personnel. For 
these reasons, it is recommended that trained laboratory personnel carefully conduct the tests in strict accor
dance with the test manuals for acute and chronic toxicity testing. In addition, acute and chronic toxicity testing 
quality assurance practices should be fully performed. Simple quality assurance procedures, which are described 
at the beginning of each manual, include: 

• Single laboratory precision determinations, using reference toxicants, on each of the tests procedures to 
determine the ability of the laboratory personnel to obtain consistent, precise results. These determinations 
should be made before attempting to measure effluent toxicity, and routinely confirmed as long as routine 
whole effluent toxicity tests are being conducted. 

• Use of reference toxicants to routinely evaluate the quality and sensitivity of the test organisms to be used in 
each test. 

• Development of "control charts" should be prepared for each reference toxicant/organism/protocol combi
nation to determine if the results are within prescribed limits. The control chart consists of successive data 
added with each reference toxicant test, and is the basis for evaluating data once the control chart" is 
established. 

• The minimum criteria of test acceptability specific for each protocol. 

Guidelines for recommended quality assurance practices are found in each manual [1 7, 18, 19]. 

Within-laboratory precision data are routinely calculated on a minimum of two reference toxicants as part of the 
EPA methods development process. These data have been established for each of the four EPA freshwater 
chronic methods and each of the six marine/estuarine chronic methods. Within-laboratory precision is detailed 
at the end of each of the methods sections in the methods manuals [1 7, 18, 19] and is summarized in Appendix 
A (Tables A-1-1 to A-1-18 for the marine/estuarine methods and Tables A-1-19 to A-1-31 for the freshwater 
methods) and summarized in Tables 1-6 and 1-7. lntralaboratory precision data also are presented for acute 
toxicity tests and are summarized in Table 1-8. Each laboratory should be establishing a reference toxicant 
"record," including a control chart. EPA's reference toxicant numbers are only meant to show precision of the 
methods within EPA laboratories and to serve as guidance for other laboratories. Each laboratory's reference 
toxicant data will reflect conditions unique to that facility, including dilution water, culturing, etc. However, each 
laboratory's reference toxicant CVs should reflect good repeatability. 

The CVs may be calculated for acute LCso and chronic ECso, IC25, and ICso data. A mean and range is given for 
the chronic no observed effect concentration (NOEC) precision data because an NOEC is not a point estimate 
and is dependent on the tightness of the concentration interval employed in the reference toxicant tests (i.e., the 
closer the NOEC concentration range the more precise the test is for the reference toxicant). The closer the CV is 
to zero, the better. However, CVs should only be compared with the same test protocol/species tested against 
the same reference toxicant. Estimates of variability (CVs) should only be applied for specific protocols against a 
specific chemical using the same concentration intervals. 

Reference toxicant data should be required for each of the methods stipulated by the permit authority as part of 
routine quality assurance/quality control (QNQC) for checking the reliability of the tests conducted by the 
permittees. In addition, Criteria of Acceptability for each of the 1 0 chronic methods are listed in the methods 
manuals, and should be used as a check for whether the compliance data submitted is minimally acceptable [18, 
19]. (See Table 1 of each of the 4 freshwater methods and Table 2 of each of the 10 marine/estuarine methods 
entitled, "Summary of Recommended Effluent Toxicity Test Conditions.") 

To date, interlaboratory precision (round robin) tests have been completed for the 7-day Fathead Minnow Lar
val Survival and Growth Test, the Cladoceran, Ceriodaphnia Survival and Reproduction Test, and the 
Sheepshead Minnow Larval Survival and Growth Test. The results of these round robin studies show good 
reproducibility for these three methods. Results of the round robin testing will show greater variability (i.e., larger 
CVs) due to a larger number of variables introduced by many round robin laboratories participating. Researchers 
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Box 1-5. Toxicity Test Method Precision (continued) 

have found that a two- to threefold increase in 01 values is acceptable with biological testing [ 46, 50, 51]. 
Interlaboratory data also are presented from several acute toxicity tests [46). The data from these round robin 
tests can be found in Appendix A (Tables A-1-5, A-1-23, A-1-24, A-1-27, A-1-28, and A-1-30) and are summarized 
in Table 1-8. 

Researchers agree that the precision of these tests is acceptable. Rue, Fava, and Grothe concluded that whole 
effluent toxicity test methods "are comparable to accepted analytical methodologies" [50]. Another study by 
Grothe, Kimerle, and Malloch also concluded that when comparing " ... 0/s for select effluent toxicity test 
methods and commonly accepted analytical methods ... the precision of both techniques is similar" [51]. This has 
led the Agency to conclude " ... that toxicity test methods, where properly followed, exhibit an acceptable range 
of variability" (see the discussion of toxicity testing requirements for POIWs, 55 FR 30082 at 30112, July 24, 1990) 
[52]. 

ride the need to characterize adequately a given effluent and the 
factors unique to the discharge situation. 

Flow-through versus Static and Renewal Toxicity Testing 
Several factors should be considered in making the choice of 
toxicity test system. These include the type of toxicity being 
measured (i.e., is the effluent highly variable or not; is the dis
charge continuous or intermittent?); the amount of data needed 
(variable effluents may require more data); and, as between differ
ent systems that will provide adequate data, expense. 

Two basic types of testing systems are available to measure efflu
ent toxicity: flow-through systems and static systems. A flow
through toxicity test is conducted using a diluter system and a 
continuous feed of effluent and dilution water. A static toxicity 
test is conducted in test chambers (without a serial diluter delivery 
system) into which effluent and diluent are added manually. 
Usually, only one effluent sample is collected and used at the 
beginning of a static test. A variation of the static procedure is the 
renewal toxicity test. This test uses the same delivery system as 
that of a static test but the test solutions are changed, or renewed, 
on a predetermined schedule (i.e., every 24 hours). Fresh effluent 
samples generally are collected to renew the test solutions. 

Online continuous flow-through testing can sample and measure 
"peaks" of toxicity should they occur during the testing period. In 
variable effluents, however, the test organisms would only be 
exposed to peak toxicity for periods proportional to the flow
through rate, the duration of the peak in toxicity and length of 
the test. Static and static renewal tests also can measure peaks in 
effluent toxicity depending on the type of sampling used, and if 
the sampling occurs at the time of the toxicity peak. 

If the effluent is highly variable and continuously discharged, 
either a flow-through or renewal test would be appropriate. If the 
effluent is highly variable with an intermittent discharge, a flow
through or a renewal test also would be appropriate. However, 
the effluent sample collected for the renewal test should be a 
composite collected over the period of the discharge. If the 
effluent is not considered variable, such as a discharge from a 30-
day retention basin, then a static or renewal test using a grab or 
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24-hour composite sample would be an appropriate test system. 
For a chronic toxicity test, a 24-hour composite effluent sample is 
most appropriate. For an acute test, four grab samples taken 6 
hours apart or four 6-hour composite samples are most appropri
ate to measure the peaks of toxicity in an effluent. 

Cost also is a factor. Flow-through tests are more resource 
intensive and require complex delivery systems. Consequently, 
less data can be generated per unit cost than with static or 
renewal testing. Where more data at less cost are desirable, static 
or renewal testing probably is more appropriate. Typically, more 
samples using renewal is preferable to fewer samples using flow
through for the same total cost since this would allow better 
characterization of effluent variability. 

Grab Sampling versus Composite Sampling 
The use of a grab sample or a composite sample is based upon the 
objectives of the test and an understanding of the long-term 
operations and schedules of the discharger. If the toxicity of the 
effluent is variable, grab samples collected during the peaks of 
effluent toxicity provide a measure of maximum toxic effeq. 
Collection of grab samples may be necessary if there is little 
dispersion or mixing of the effluent in the receiving water. In 
these instances the peaks could persist in the receiving water. 
Although a grab sample has the potential of revealing the toxicity 
peak in an effluent, the sample has to be collected at the time of 
the toxicity spike. Therefore, in a variable effluent, the grab 
sample has a high probability of missing the toxicity peak. On the 
other hand, a 24-hour composite sample may more readily catch 
the toxicity peak(s), but the compositing process may tend to 
dilute the toxicity resulting in a misleading measure of the maxi
mum toxicity of the effluent. Composited samples are, therefore, 
more appropriate for chronic tests where peak toxicity of short 
duration is of lesser concern. More detailed discussions of the 
type of toxicity tests and the best sampling methods are provided 
in the manuals for the acute and chronic, freshwater and marine 
toxicity testing procedures [17, 18, 19] and in Chapter 3. 

Variability 
There are three important sources of differences in a water quality 
impact analysis: 



Table 1-6. lntralaboratory Precision of Chronic Whole Effluent Toxicity Test Methods 

Test NOEC Mean 
Method Range 1(25 

Cyprinodon variegatus-Survival and Growth 

>0.05 - 0.05 mg/1 0.07 
0.5 - 1.0 mg/11 1.5 
31 - 125 ug/12 300.4 
1.3- 2.5 mg/11 2.2 

Embryo larval survival and teratogenicity 

200 - 240 ug/12 
EC10 
202 

2.0- 4.0 mg/11 1.9 

Menidia beryl/ina- Survival and Growth 

31 - 125 ug/12 209.9 
1.3 + 0 mg/1 1.3 

Mysidopsis bahia -Survival, Growth, and Fecundity 

<0.3 - 5.0 mg/14 

63 - 125 ug/11 

Arbacia punctulata -Fertilization 

5.0- 12.5 ug/11 

1.2 - 3.3 mg/11 
<6.1 - 24.4 ug/12 

0.9- 1.8 mg/11 

Champia parvul~ Reproduction 

0.5 - 1.0 ug/11 

0.5 - 1.0 ug/11 
0.09 - 0.48 mg/12 
0.15- 0.60 mg/12 

Pimephales promelas- Survival & Growth 

128- 256 ug/11 
0.011 - 0.013 mg/11 

Embryo larval survival and teratogenicity 

0.011 - 0.013 mg/1 
0.011 - 0.013 mg/1 

Ceriodaphnia dubio - Reproduction 
0.10- 0.30 mg/11 
0.25 - 1 .00 mg/1 

Selenastrum capricornutum- 96-hour Survival 

2.1 - 2.8 g/14 

1 Difference of one test concentration. 
2Difference of two test concentrations. 
3sodium dodecyl sulfate. 
4Difference of four test concentrations. 

5.7 
138.3 

23.5 
1.7 

22.9 
2.58 

1.79 
0.93 
0.31 
0.46 

5 -
5 -

-
-

0.22 
0.91 

-

5Raw data were unavailable, so IC25 and ICso could not be calculated. 
6sodium pentachlorophenol. 

Mean 
CV(%) IC5o 

41.8 0.13 
31.4 1.9 
33.0 396.9 
27.6 2.6 

EC5o 
2.8 233.5 

35 11.7 

43.7 340.8 
43.2 1.9 

35.0 6.9 
18.0 185.8 

54.6 45.7 
29.7 2.4 
41.9 29.9 
28.7 3.2 

61.09 3.35 
63 1.4 
69.0 0.36 
62.3 0.75 

- _5 
5 - -

LC1 

- 0.0068 
- 1.51 

41.13 0.3 
20.5 

-

1.24 

LC5o 

2.4 

AS-artificial seawater. 
NS-natural seawater. 
FW-freshwater. 
-: Data not available. 

CV(%) Compound 

40.8 coprr 
31.8 SDS 
19.2 Copper 
35.3 SDS 

2.5 Copper 
2.9 SDS 

50.7 Copper 
9.4 SDS 

47.8 SDS 
5.8 Copper 

47.9 Copper 
23.3 SDS 
48.2 Copper 
33.3 SDS 

34.5 Copper 
38.6 Copper 
37.0 SDS 
22.92 SDS 

- NAPCP6 

- Cadmium 

62 Cadmium 
41.3 Diquat 

27.9 NAPCP 
15.2 Sodium 

Chloride 

10.2 Sodium 
chloride 

Note: Data used in this table are found in Appendix A·l. 
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Water 
Used 

AS 
AS 
NS 
NS 

AS 
AS 

NS 
NS 

NS 
NS 

AS 
AS 
NS 
NS 

NS 
AS/NS 
AS/NS 
NS 

FW 
FW 

FW 
FW 

FW 

FW 



Table 1-7. lntralaboratory Precision of Acute Whole Effluent Toxicity Test Methods 

N (number of tests) CV(%) Compound 

Pimephales promelas* 12 40 NAPCP 

(96-hour) 9 22 SDS 

9 86 Cadmium 

Daphnia pulex* 14 36 NAPCP 

(48-hour) 10 43 SDS 

9 21 Cadmium 

Daphnia magna* 13 10 NAPCP 

(48-hour) 8 29 SDS 

8 72 Cadmium 

•Data taken from Draft 1990 Acute Manual. 

Table 1-8. Summary of Interlaboratory Variability Data for Whole Effluent Toxicity Test Methods [17, 18, 19, 46] 

Test Method NOEC Range 

Chronic 
1. Cyprinodon variegatus 

7-day growth and survival 1 - 3.2% effluent2 

2. Pimephales promelos 
7-day growth and survival <3.0 - 6.0 mg/12 

potassium chromate 

3. Ceriodophnia dubio 
7 -day reproduction 0.25- 0.30 mg/1 

NAPCP3 

4. Ceriodophnia dubio 
7 -day reproduction 6 - 12% effluent2 

5. Ceriodophnio dubio 
7-day reproduction <0.25 - 1.0 mg/1 

sodium chloride 

6. Ceriodaphnia dubio 0.25-1 .0 mg/1 
7-day reproduction sodium chloride 

Acute Toxicant 

7. Cyprinodon variegatus 
96-hour static endosulfan 
96-hour flow-through endosulfan 
96-hour static silver nitrate 
96-hour flow-through silver nitrate 

8. Mysidopsis bahia 
96-hour static endosulfan 
96-hour flow-through endosulfan 
96-hour static silver nitrate 
96-hour flow-through silver nitrate 

1 CV-coefficient of variation. 
2This represents a difference of one exposure concentration. 
3NAPCP-Sodium pentachlorophenol. 
-: Data unavailable. 
Note: Data summarized in this table were taken from Appendix A-1. 
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IC25 CV(%)1 

44.2 

31.0 

41.1 

- -

29.0 

20.5 

LC50 CV(%) 

37.7 
46.2 
34.6 
50.1 

59.5 
51.9 
26.6 
22.3 



• Effluent variability is caused by changes in the composi
tion of the effluent. Virtually all effluents vary in composi
tion over time. 

• Exposure variability is caused by changes in flow rates of 
both effluent and receiving water. There also are variable 
receiving water parameters that may be independent of 
flow, such as background toxicant levels, pH, salinity, tides, 
suspended solids, hardness, dissolved oxygen, and tem
perature, that can be important in assessing impact. 

• Species sensitivity differences are caused by the differ
ences in response to toxicants between species. 

Each type of variability is discussed below. 

Effluent Vallablltty 
Effluent variability is an important component in overall variability 
of water quality impact analyses and should be addressed ad
equately in permitting (see Chapter 5, Permit Requirements). 
Effluent variability can be addressed by designing proper sam
pling and testing procedures. Sampling measurements should be 
tailored to the toxic effect of concern (i.e., acute or chronic) and 
the need to design testing that accounts for effluent variability. 
Chapter 3, Effluent Characterization, describes recommendations 
for a testing frequency designed to assess variable effluents. Ap
pendix F details suggested sampling procedures. 

Appendix A-2 demonstrates the types of effluent variability that 
may be seen in publicly owned treatment works (POTW) effluents 
as measured through toxicity testing of the effluents (see Appen
dix A-2, Tables A-2-1 to A-2-9). The Ois (effluent variability) for 
POTW effluents are based on acute LCso data that range from 19.6 
percent to 42 percent effluent, and for IC25 chronic data that range 
from 52.8 percent to 101.3 percent. Also in Appendix A-2, Tables 
A-2-1 0 to A-2-12 show acute and short-term chronic effluent 
variability data from oil refineries on three species, fathead min
nows, Ceriodaphnia, and mysids. The CVs associated with this 
effluent variability data range from 18.7 percent to 54 percent for 
the acute LCso data, and from 29.8 percent to 59.6 percent for 
the chronic NOEC data. Data on effluent variability in various 
types of manufacturing facilities are in Appendix A-2, Tables A-2-
13 to A-2-18. Acute toxicity test results show Ois tor effluent 
variability ranging from 20.3 percent to >53.9 percent. 

Tables A-2-6 to A-2-9 in Appendix A-2 illustrate the effluent 
variability of a POTW effluent over the course of a year in which 
gradual upgrading to full secondary treatment was occurring. 
Four saltwater short-term chronic toxicity tests were conducted 
on the POTW's effluent using the sea urchin fertilization test 
(Arbacia punctu/ata), the red macroalga fertilization test (Champia 
parvula), the mysid 7-day growth, fecundity and survival test 
(Mysidopsis bahia), and the inland silverside 7-day larval growth 
and survival test (Menidia beryl/ina). The sea urchin and red 
macroalga tests were conducted daily during each of the four 7-
day studies, and provide good examples of the daily variability of 
the effluent. 

These results show that the effluents vary in toxicity and that any 
one effluent can exhibit significantly varying toxicity to different 
test species over time. The data also indicate that the effluents 
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were rarely toxic below 1 0 percent effect concentration and were 
not toxic below 0.1 percent effect concentration. This informa
tion is discussed in Chapter 3, Recommendations for Testing the 
Toxicity of Effluents section. 

Exposure tlarJabHtty 
Exposure variability is a complex factor that can be addressed in 
two ways. First, the simplest, easiest applied approach is to 
assume a steady state exposure condition (usually an estimate of 
presumed "worst case" exposure) using a critical receiving water 
flow or condition and a typical effluent flow. 

A second method is to attempt to estimate or actually measure 
the variable exposure situation at the discharge site. This requires 
statistical analysis and some form of dynamic modeling. Chapter 
4, Exposure and Wasteload Allocation, describes appropriate ex
posure assessment procedures for freshwater and saltwater sys
tems. 

Species Stmsltlrlty DllfrlrMCBS 

One of the primary considerations in establishing a toxicity testing 
requirement for a discharger is requiring a suitable test species. 
Different species exhibit different sensitivities to toxicants. Often, 
differences of several orders of magnitude exist for a given indi
vidual toxicant between the least sensitive and the most sensitive 
species. This range varies greatly and can be narrow or wide 
depending on the individual toxicant involved. 

Since the measured toxicity of an effluent will be caused by 
unknown toxic constituents, the relative sensitivities of various 
test species also will be unknown. Therefore, proper effluent 
toxicity analysis requires an assessment of a range of sensitivities 
of different test species to that effluent. A knowledge of the range 
is necessary so that the regulatory authority can protect aquatic 
organisms. The only way to assess the range of sensitivities is to 
test a number of different species from different taxonomic groups, 
as in the development of the national ambient water quality 
criteria. 

To provide sufficient information for making permitting deci
sions, EPA recommends a minimum number of three species, 
representing three different phyla (e.g., a fish, an inverte
brate, and a plant) be used to test an effluent for toxicity. 
However, in some cases, the optimum number of species may be 
fewer or more depending upon such factors as how thoroughly 
the effluent has been characterized, the available receiving water 
dilution, the use classification and existing uses of the receiving 
water, as well as other special considerations. For example, if an 
effluent has been characterized as highly consistent, with little 
chance of variation due to batch processes, changes in raw mate
rials or changes in treatment efficiency, then the use of the two 
most sensitive species, or even the one most sensitive species, 
may be appropriate as determined on a case-by-case basis. 

Since whole effluents are complex mixtures of toxicants, generali
zations about sensitive and nonsensitive species are difficult to 
make. For example, one generalization is that trout are consid
ered sensitive organisms requiring high-quality water. However, 
this generalization may not apply in all cases; trout are very 
sensitive to oxygen depletion but may be relatively insensitive to 



certain toxicants. Another species, Daphnia magna, is very sensi
tive when exposed to many toxicants, but relatively insensitive 
when exposured to the pesticide endrin. Bluegills are very resis
tant to metals, particularly copper. Conversely, bluegills are a 
sensitive test species for organophosphate pesticides. 

Figures 1-7 to 1-9 show the differences in species sensitivities to 
hexavalent chromium, dieldrin, and an effluent from a POTW, 
respectively [53]. The wide range between sensitivities for the 
different test species is shown. Comparing the figures shows that 
the fish, invertebrates, and algae shift relative sensitivities to the 
effluents/toxicants. The fish are less sensitive to chromium but 
more sensitive to dieldrin. For the cladocerans, the reverse is true. 
The results of whole effluent tests using five marine/estuarine 
short-term chronic test methods also indicate that no species or 
test method is always the most sensitive. In a total of 1 3 effluents 
tested onsite, Champia parvula was the most sensitive in 15 per
cent, Arbacia punctulata in 54 percent, mysids in 31 percent and 
fish in 15 percent of the cases [24]. 

Analysis of species sensitivity ranges found in the national ambient 
water quality criteria [1, 2] indicates that if tests are conducted on 
three particular species (Daphnia magna, Pimephales promelas, and 
Lepomis macrochirus), the most sensitive of the three will have an 
LCso within one order of magnitude of the most sensitive of all 
species tested [54]. This was found to be true for 71 of the 73 
priority pollutants tested with four or more species. 

Sometimes, regulatory agencies require testing on representative 
resident species under the assumption that such tests are needed 
to assess impact to local biota. EPA considers it unnecessary to 
test resident species since standard test species have been shown 
to represent the sensitive range of all ecosystems analyzed [54]. 
Resident species toxicity testing is strongly discouraged unless it is 
required by State statute or some other legally binding factor, or it 
has been determined that a unique resident species would be far 
more protective of the receiving water than the EPA surrogate 
species. The use of other representative species should be sub
jected to strict quality assurance and quality control procedures 
and should follow rigorous test methodologies that are at least 
equivalent to EPA methods. Quality assurance procedures should 
account for the use of the same species, the same life stage and 
age of individuals, acclimation periods to avoid mortality due to 
collection, seasonal variations in populations, habitat requirements, 
health of the species cultured, as well as the use of reference 
toxicant tests and other standard procedures. To use a resident 
organism, a facility would have to develop a protocol to culture 
the organism and to assess intra- and interlaboratory variability. 
Such testing is more costly, more difficult, and potentially subject 
to more variability (disease, age, etc.) than standardized testing. 
In any case, organisms collected directly from the receiving water 
itself should never be used because existing impairment may 
mask any toxicity. 

Acute-to-Chronic Ratio 
The acute-to-chronic ratio (ACR) expresses the relationship be
tween the concentration of whole effluent toxicity or a toxicant 
causing acute toxicity to a species (expressed as an acute toxicity 
endpoint such as an LCso) and the concentration of whole efflu
ent toxicity or a toxicant causing chronic toxicity to the same 
species (expressed as a chronic toxicity endpoint such as an 
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NOEC or its equivalent, i.e., ACR=ATE/CTE or LCso/NOEC). An 
ACR is commonly used to extrapolate to a "chronic toxicity" 
concentration using exposure considerations and available acute 
toxicity data when chronic toxicity data for the species, chemical, 
or effluent of concern are unavailable. The ACR should be greater 
than one, since the ratio compares an acute effect concentration 
with a chronic effect concentration. 

This parameter can be a source of uncertainty in predicting water 
quality impact because the ACR varies between species for a given 
chemical and, for any one species, between different toxicants. 
The latter is a reason why the ACR for a complex effluent may not 
be a constant. Regardless of this variability, when faced with a 
limited amount of chronic toxicity data, the regulatory authority 



must apply some ACR to an effluent or cr~mical (or decide to 
collect more data) when converting wasteload allocations to 
common terms in the permit limit derivation process described in 
Chapter 5. 

The ACR also may be used in developing chronic toxicity limits 
where chronic toxicity is not measured directly, in order to mini
mize testing costs. Likewise, if the toxicity is for the most part 
manifested in reproduction, growth, etc. (i.e., nonlethal) end
points, an acute test may not be appropriate for compliance 
monitoring. Where acute and chronic toxicity data are avail
able, the ACR should be calculated directly for that specific 
effluent. 

Data on acute and chronic toxicity for complex effluents from 
different categories of dischargers (i.e., POTWs, oil refineries, and 
chemical manufacturers) show that ACRs tor whole effluents range 
from <1 .0 to >50.0, with the majority of ACRs falling below 20 
(see Appendix A-3). Acute to chronic ratios for oil refinery data 
from one plant, based on three species ranged from 1.49 to 
> 1 0.0. Acute to chronic ratios for a variety of chemical manufac
turers, based on data from two species ranged from <1.0 to 
>50.0. Acute to chronic ratios for POTWs based on two species 
ranged from 1.4 to 16.1 (these data can be found in Appendix A-
3). Interestingly, this range of ACRs virtually is identical to ACRs 
generated on a number of wastewater dischargers in the State of 
Sao Paulo, Brazil (Appendix A-3, Tables A-3-1 and A-3-2). Al
though the acute and chronic toxicities measured in Brazil were 
proportionally higher (more toxic) than those measured in the 
United States, the ACRs were quite similar (Appendix A-3, Tables 
A-3-1 to A-3-3). 

EPA recommends that regulatory authorities use a measured 
ACR. In the absence of data to develop an ACR, EPA's data 
suggests that an ACR of 1 0 could be used (see Appendix A-3). 
This represents the upper 90th percentile of all the ACR data in 
Appendix A-3. Given the protective margin of safety inherent 
with the use of a critical flow for the calculation of a chronic 
receiving water waste concentration, an ACR of 1 0 should provide 
ample protection against chronic instream impacts. 

1.4 BIOLOGICAL CRITERIAJBIOASSESSMENT AND 
BIOSURVEY APPROACH FOR AQUATIC LIFE 
PROTEC'nON 

As Illustrated in Figure 1-10, ecological integrity is attainable 
when chemical, physical, and biological integrity occur simul
taneously [55]. Biological integrity is a good indicator of overall 
ecological integrity of aquatic environments because it can pro
vide both a meaningful goal and a useful measure of environmen
tal status that relates directly to the overall integrity of the Nation's 
waters. To better protect the biological integrity of aquatic 
communities, EPA recommends that States begin to develop 
and Implement biological criteria In their water quality stan
dards. Biological criteria, or "biocriteria," are numerical values or 
narrative statements that describe the reference biological integ
rity of aquatic communities inhabiting waters of a given desig
nated aquatic life use. When formally adopted into State stan
dards, biological criteria and aquatic life use designations serve as 
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Figure 1-10. The Elements of Ecological Integrity 

direct, legal endpoints for determining aquatic life use 
nonattainment. Per Section 131.11 (b)(2) of the Water Quality 
Standards Regulation ( 40 CFR Part 1 31 ), biological criteria can 
supplement existing chemical-specific criteria and provide an al
ternative to chemical-specific criteria where such criteria cannot 
be established. Biological criteria quantitatively are developed by 
identifying unimpaired or least-impacted reference waters that 
operationally represent best attainable conditions. Once candidate 
references are identified, integrated biological surveys (biosurveys) 
are used to characterize the resident community. Because of the 
complexity of fully characterizing the biological integrity of an 
entire aquatic community, State standards should contain bio
logical criteria that consider various components (measures of 
structure and/or function) of the larger aquatic community. 

When biological criteria are incorporated into water quality pro
grams, the biological integrity of surface waters may be directly 
evaluated and protected. Biological criteria also provide addi
tional benefits by requiring an evaluation of physical integrity and 
providing a monitoring tool to assess the effectiveness of current 
chemically based criteria. Table 1-9 summarizes how biological 
criteria directly and indirectly protect the elements of ecological 
integrity [55]. 

1.4.1 llle ot BlosiR 11eJS aiiiiBIDasstlssmellts In Water Quallty
IIBSIIII TIIXICS Cllntrol 

A biological assessment, or "bioassessment," is an evaluation of 
the biological condition of a waterbody using biological surveys 
and other direct measurements of resident biota in surface waters. 
A biological survey, or "biosurvey," consists of collecting, process
ing, and analyzing representative portions of a resident aquatic 
community to determine the community structure and function. 
Biosurveys and bioassessments can be used directly to evaluate 
the overall biological integrity (structure and/or functional charac
teristics) of an aquatic community. Deviations from the biological 
integrity of an aquatic community can be measured directly using 
bioassessments and biosurveys only when the impacted commu-



Table 1-9. Water Quality Programs That Incorporate Biological Criteria to Protect 
Elements of Ecological Integrity 

Elements of 
Ecological Integrity Directly Protects Indirectly Protects 

Chemical Integrity Chemical-specific criteria (toxics) 
Whole effluent toxicity (toxics) 

Biocriteria 
(identification of 
impairment) 

Physical Integrity Criteria for conventionals Biocriteria 
(pH, tempature, dissolved oxygen) (habitat evaluation) 

Biological Integrity Biocriteria (biota response in 
surface water) 

Chemical/whole 
effluent testing (biota 
response in laboratory) 

nity is compared against a predetermined reference condition. 
Without proper quality controls (i.e., reference conditions), 
biosurveys tend to underestimate impairment. 

Biosurveys assess or detect the aggregate effect of impacts upon 
an aquatic community where discharges are multiple, complex, 
and variable and where point, nonpoint, and stormwater dis
charges are all affecting the biological condition of the receiving 
water. The resident community integrates the effects of multiple 
stresses and sources on numerous interactive biological compo
nents over time. Because of this, biosurveys necessarily cannot 
measure the impacts of one particular effluent that is being 
discharged to the receiving water. Chemical-specific analyses of 
pollutants known to impact aquatic life and whole effluent toxic
ity tests are predictive water quality assessment tools used to 
evaluate biological integrity. At the present time, biological sur
veys and biological assessments cannot be used as predictive 
water quality assessment tools. 

Biosurveys provide a useful monitor of both aggregate ecological 
impact and historical trends in the condition of an aquatic ecosys
tem. Biosurveys can detect aquatic life impacts that other avail
able assessment methods may miss, such as impacts caused by 
pollutants that are difficult to identify chemically or characterize 
toxicologically, and impacts from complex or unanticipated ex
posures. Perhaps most importantly, biosurveys can detect impacts 
caused by habitat degradation such as channelization, sedimen
tation, and historical contamination that disrupt the interactive 
balance among community components. 

Biosurvey data should be applied towards: 

• Refining use classifications among different types of aquatic 
systems and within a given type of use category. 

• Defining and protecting existing aquatic life uses under 
State antidegradation policies as required by the water 
quality standards regulation. 

• Classifying outstanding national resource waters. 
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• Identifying where site-specific criteria modifications may be 
needed effectively to protect a waterbody. 

• Improving use-attainability studies. 

• Assessing impacts of certain nonpoint sources and, to
gether with the chemical-specific and whole effluent toxic
ity approaches, assist in controlling them. 

• Monitoring the ecological effects of regulatory action taken 
under CWA Sections 401, 402, and 301 (h). 

• Evaluating the effectiveness and documenting the receiving 
water biological benefits of pollution controls. 

1.4.2 Cllntlut:tlng Blosllmlys 
As is the case with all types of water quality monitoring programs, 
biosurveys should have clear data quality objectives, utilize consis
tent laboratory and field methods, and include quality assurance 
and quality control. Biosurveys should be tailored to the particu
lar type of waterbody being assessed (e.g., wetland, lake, stream, 
river, or estuary) and should focus on aquatic community compo
nents that are representative of the larger ecosystem and that are 
practical to measure. Biosurveys should be coupled routinely with 
basic chemical and physical measurements and an objective 
evaluation of habitat quality. 

EPA's Office of Water and several State water quality programs 
have developed techniques as guidance to support biosurveys 
and bioassessments [56-62]. The techniques are an excellent 
supplementary tool to whole effluent toxicity testing and chemi
cal-specific techniques. However, it is important that biosurveys 
include sampling of as many species at different trophic levels as 
possible to reveal accurately receiving water community impacts. 

Excellent examples of biosurvey/bioassessment data collected and 
used in concert with ambient or effluent toxicity test data are the 
site studies described in Boxes 1-3 and 1-4. The toxicity test 
results and the ambient biosurvey data were based on the recom
mended minimum of three trophic levels (a fish, invertebrate, and 
a plant) to give a good overall picture of what was happening in 



the receiving water. Recommended methodologies for conduct
ing biosurveys are included in References 56 through 62. 

1.5 INTEGRATION OF THE WHOLE EFFLUENT, 
CHEMICAL-SPECIFIC, AND BIOASSESSMENT 
APPROACHES 

Section 101 (a) of the CVI/A states: "The objective of this Act is to 
restore and maintain the chemical, physical and biological integ
rity of the Nation's waters." Taken together, chemical, physical, 
and biological integrity define the overall ecological integrity of 
an aquatic ecosystem. Regulatory agencies should strive to fully 
integrate all three approaches since each has its respective capa
bilities and limitations. Table 1-10 shows EPA guidance, State 
:mplementation, and State application of each approach [55]. 
The information summarized in Box 1 -6, and discussed in detail 
below, explains how each approach complements the other and 
why no one of the approaches should be used alone. 

A more detailed discussion of the capabilities and limitations of 
the three approaches is provided below. 

1.5. 1 Capabilities and LlmltatiDIIS of the Chemlcal-specffh: 
Approach 

The principal capabilities of the chemical-specific approach are: 

• At present, protection of human health only can be achieved 
by control of specific chemicals. 

• A more complete understanding is available on the toxicol
ogy of specific chemicals. EPA acute ambient water quality 
criteria are based on protecting up to a minimum of eight 
different organisms including fish, invertebrates, and plants; 
a minimum of three organisms are used to develop chronic 
criteria. Considerable information is available in the scien
tific literature on toxicity caused by specific chemicals. 

• Treatment systems are more easily designed to meet 
chemical requirements because more treatability data are 
available. 

• More information is available on the fate of a pollutant in 
receiving waters so that the pollutant fate can be conve
niently predicted through modeling. Persistence and deg
radation can be factored into the evaluation. 

• Chemical analyses are sometimes less expensive than toxic
ity testing and biological surveys, if there are only a few 
toxicants present. This is more pertinent if only chlorine 
and ammonia are present in an effluent or ambient water. 

• This approach allows prediction of ecological impacts be
fore they occur. NPDES permit limits can therefore be 
developed before an actual ecological impact occurs. 

The principal limitations of the chemical-specific approach are: 

• All toxicants in complex wastewaters are not known and, 
therefore, control requirements for all toxicants cannot be 
set. Toxicological information on these unknown pollut
ants is often unavailable. 

• The bioavailability of the toxicants at the discharge site are 
typically not assessed, and the interactions between toxi
cants (e.g., additivity, antagonism) are not measured or 
accounted for. As a result, the controls may be either under 
protective or overly protective. 

• Direct biological receiving water impact and impairment is 
not typically measured. There is no way to ascertain di
rectly if the chemical controls adequately are protecting 
aquatic life. 

• Complete measurement of all individual toxicants, particu
larly where many are present in the mixture, can be expen
sive. Organic chemicals, in particular, can be costly to 
measure. 

Table 1-10. Process for Implementation of Water Quality Standards 

Criteria 

Chemical-Specific 

Narrative "Free Froms·· 

Biological 

EPA Guidance 

Pollutant-specific 
numeric criteria 

Whole effluent toxicity 
guidance 

Biosurvey minimum 
requirement guidance 

State Implementation 

State Standards 
-use designation 
-numeric criteria 
-antidegradation 

Water Quality Narrative 
-no toxic amounts translator 

State Standards 
-refined use 
-narrative/numeric criteria 
-antidegradation 
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State Application 

Permit limits monitoring 
Best management practices 
Wasteload allocations 

Permit limits monitoring 
Wasteload allocation 
Best management practices 

Permit conditions monitoring 
Best management practices 
Wasteload allocation 



Box 1-6. Components of an Integrated Approach to Water Quality-based Toxics Control 

Control Approach 

Chemical-Specific 

Whole effluent toxicity 

Bioassessments 

Capabilities 

-Human health protection 
-Complete toxicology 
-Straightforward treatability 
-Fate understood 
-Less expensive testing if only 

a few toxicants are present 
-Prevents impacts 

-Aggregate toxicity 
-Unknown toxicants addressed 
-Bioavailability measured 
-Accurate toxicology 
-Prevents impacts 

-Measures actual receiving 
water effects 
-Historical trend analysis 
-Assesses quality above standards 
-Total effect of all sources, 
including unknown sources 

1.5.2 Capabilities and Limitations of the Whole Effluent 
Approach 

The principal capabilities of whole effluent techniques are: 

• The aggregate toxicity of all constituents in a complex 
effluent is measured, and toxic effect can be limited by 
limiting one parameter-whole effluent toxicity. 

• Toxicity caused by compounds commonly not analyzed for 
in chemical tests is detected. Control of the toxicant(s) is 
not dependent upon established toxicological information 
that may not yet be available for some pollutants. 

• The bioavailability of the toxic constituents is assessed, and 
the effects of interactions of constituents are measured. 
Additivity, synergism, and antagonism between compounds 
in an effluent are addressed implicitly by whole effluent 
toxicity. 

• The toxicity of the effluent or ambient water is measured 
directly for the species tested. 

• This approach allows prediction of ecological impacts be
fore they occur. NPDES permit limits can therefore be 
developed before an actual ecological impact occurs. 

The principal limitations of whole effluent techniques are: 

• The approach only measures and controls toxicity to aquatic 
organisms. It does not protect human health from expo-
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Limitations 

-Does not consider all taxies present 
-Bioavailability not measured 
-Interactions of mixtures (e.g., additivity) 
unaccounted for 

-Complete testing can be expensive 
-Direct biological impairment not 
measured 

-No direct human health protection 
-Incomplete toxicology 
(few species may be tested) 

-No direct treatment 
-No persistency or sediment coverage 
-Conditions in ambient may be different 
-Incomplete knowledge of causative 
toxicant 

-Critical flow effects not always assessed 
-Difficult to interpret impacts 
-Cause of impact not identified 
-No differentiation of sources 
-Impact has already occurred 
-No direct human health protection 

sures through ingestion of fish. This is particularly impor
tant for carcinogens. 

• EPA's water quality criteria are based on a minimum of 
eight different species for the acute criteria and three differ
ent species for the chronic criteria. Effluent aquatic toxicity 
commonly is measured with only one, two, or three spe
cies. For some toxicants a wider sensitivity range (more 
species) must be tested; particularly where the mode of 
toxicity action is specific (such as diazinon or some other 
pesticides). 

• There is less knowledge on designing or manipulating treat
ment systems to treat the parameter toxicity. Investigate 
tools for identifying causative toxicants only have been 
recently developed and may not easily identify all causative 
toxicants. As a result, identification and proper control may 
be difficult and expensive. 

• The whole effluent toxicity test directly measures only the 
immediate bioavailability of a toxicant; it cannot measure 
the persistence "downstream" and long-term cumulative 
toxicity of a compound. Thus, bioaccumulative chemicals 
necessarily are not assessed or limited. Toxicants can accu
mulate in sediment to toxic concentrations over a period of 
time. 

• Where there are chemical/physical conditions present (pH 
changes, hardness changes, solids changes, salinity changes, 
photolysis, etc.) that act on toxicants in such a way as to 



"release" toxicity away from the discharge point, such tox
icity may not be measured in the effluent. The opposite of 
this also is possible; toxicity may degrade rapidly so there is 
no trace of it away from the point of discharge. For 
example, the actual pH and temperature in an ambient 
water may be sufficiently low to preclude toxicity from 
ammonia whereas the higher pH and temperature of the 
toxicity test may induce toxicity from ammonia. 

• It is not always clear which compound or mixture of com
pounds is causing toxicity in the mixture. The causative 
toxicant may be difficult to identify for control. 

1.5.3 Capabilities and Limitations of the BIIIBSSIISSIIIent 
Approach 

The principal capabilities of the bioassessment approach are: 

• Biological communities reflect overall ecological integrity. 
Biosurvey results therefore directly assess the status of a 
waterbody. The status of a waterbody's biological health 
may be of direct interest and more meaningful as a mea
sure of a pollution-free environment. 

• Biological communities integrate the effects of different 
pollutant stressors and thus provide a holistic measure of 
their aggregate impact. Biological assessments also mea
sure stresses over long time periods and can measure his
torical trends and fluctuating environmental conditions. 

• Biosurveys can identify previously unknown sources of im
pairment and may identify where site-specific chemical 
criteria are needed. Bioassessments can be useful in charac
terizing ecological impacts to a waterbody in multiple dis
charge situations. 

• Bioassessments can characterize the ecological value of 
ambient waters that are in attainment of the standards. As 
such, bioassessments provide a means to determine com
pliance with State antidegradation requirements in stan
dards. 

The principal limitations of the bioassessment approach are: 

• Bioassessments conducted at critical low flow conditions 
may be difficult to accomplish. 

• Biosurvey data cannot fully characterize impairment until 
after suitable biocriteria are developed. Biosurvey data may 
not be sufficient to detect impairments without appropriate 
reference conditions. 

• Bioassessments measure integrated impacts over long peri
ods of time. Multiple factors can contribute to measured 
impacts. However, bioassessments cannot isolate the caus
ative factor leading to the impairment nor predict future 
impairment. 

• Bioassessments measure impact from any source and as 
such, the data bracketing a discharge used to assess im
pacts may be influenced by pollutant sources further up-
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stream. Causes of biological impairment may not be as
signed readily to any one discharger. 

• Bioassessments identify water quality problems after they 
have occurred; they currently are not predictive of water 
quality problems. By design, bioassessments are limited in 
their ability to identify waters that are not impaired. 

• The approach only measures biological impairments to 
aquatic organisms. It does not protect human health from 
exposures through ingestion of fish. 

By using all three approaches, a State will more thoroughly pro
tect aquatic life. The chemical-specific approach provides a high 
accuracy of analysis of the individual chemical constituents, has 
been used by regulatory agencies, and is generally lowest in cost 
because of market availability. However, the level of protection of 
the chemical-specific approach can be low if toxicants are present 
in an effluent for which no chemical-specific criteria exists. In 
addition, some States have adopted very few criteria as a part of 
their water quality standards. On the other hand, whole effluent 
toxicity provides a high level of protection by measuring the 
aggregate effect of all toxicants. It provides accurate toxicology, 
but it can be higher in cost and has been historically less widely 
used by regulatory authorities. Bioassessments also provide a 
coverage of many biological impacts and allow for accurate his
torical trend analyses. However, bioassessments cost more and 
data interpretation can be difficult. Therefore, the integrated 
approach to water quality-based toxics control is essential for a 
strong toxics control program. 

To more fully protect aquatic habitats and provide more compre
hensive assessments of aquatic life use nonattainment, EPA rec
ommends that States fully integrate chemical-specific, whole 
effluent, and bioassessment approaches into their water qual
ity-based toxics control programs. It is EPA's position that the 
concept of "independent application" be applied to water 
quality-based situations. Since each method has unique as 
well as overlapping attributes, sensitivities, and program ap
plications, no single approach for detecting impact should be 
considered uniformly superior to any other approach. For 
example, the inability to detect receiving water impacts using 
a biosurvey alone is insufficient evidence to waive or relax a 
permit limit established using either of the other methods. 
The most protective results from each assessment conducted 
should be used in the effluent characterization process (see 
Chapter 3). The results of one assessment technique should 
not be used to contradict or overrule the results of the other(s). 
(For more information see Reference 55.) 

Whenever there are discrepancies between the findings of the 
approaches, regulatory agencies may need to re-examine the 
findings to determine if simplifications or assumptions may have 
caused the difference. The State of Ohio found in 60 percent of 
the sites where they collected bioassessment data, a biological 
impact occurred when chemical-specific data predicted no im
pact. The reverse also can occur-biosurveys may not show any 
impact in a stream whereas effluent data modeled at low flow 
project an exceedance of a chemical-specific criterion. In this 
instance, the regulatory authority may need to consider a more 
detailed monitoring and modeling of chemical fate and transport 



(which could include probabilistic modeling) to determine if sim
plifications in dilution calculations projected higher concentra
tions than would be expected using the detailed model. The 
authority also would need to examine concurrently the sampling 
approach and analysis of the biosurvey data to determine if it 
appropriately characterized the water. If there was still a difference, 
then the regulatory authority will need to use the more protective 
approach as the basis to determine necessary regulatory controls. 

1.6 OTHER FACTORS INFLUENCING WATER QUALITY· 
BASED TOXICS CONTROL 

An understanding of the fate and behavior of both single toxi
cants and whole effluent toxicity after discharge can be important 
in the application of water quality-based toxics controls. Evaluat
ing the combined effects of interacting toxic discharges also may 
be important in multiple discharge situations. When evaluating 
the receiving water behavior of toxicants and toxicity, factors such 
as toxicity degradation or persistence, and toxicant additivity, 
antagonism, and synergism are important. Ambient toxicity tests 
can give some indication of the importance of each of these 
factors: 

• Toxicity Persistence--How long and to what extent (in 
terms of area), does effluent toxicity or the toxicity of a 
single toxicant persist after discharge? It is not reasonable 
to assume that in all cases the persistence of both individual 
toxic chemicals and effluent toxicity is conservative. For 
two effluents of equal initial toxicity, the aquatic effects of 
an effluent whose toxicity degrades rapidly will be different 
from an effluent whose toxicity persists. 

• Additivity, Antagonism, and Synergism-When toxicants 
or effluents with toxic properties mix in the receiving water, 
what is their combined fate and toxic effects? 

• Test Interferences-This includes pH, temperature, salin
ity, hardness, and metals. 

Each of these factors is discussed below. 

1.6.1 PerslstBnce 
As soon as an effluent mixes with receiving water its properties 
begin to change. The rate of change of toxicity in that effluent is 
a measure of its toxicity persistence or degradation. After mixing, 
the level of toxicity in the receiving water may either remain 
relatively constant (until further diluted), increase in toxicity due 
to transformation, or degrade due to fate processes (photode
composition, microbial degradation) or compartmentalization 
processes (particulate adsorption and sediment deposition, vola
tilization). 

One disadvantage of the chemical-specific approach is that the 
bioavailability of the toxicant after discharge is not measured. 
Onsite toxicity testing has indicated that the individual toxicants 
causing toxicity measured at discharge sites tend relatively to be 
persistent near the point of discharge [23, 31-38]. However, 
persistence of individual chemicals can be modeled and the per
sistence of specific toxicants also can be accounted for in making 
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impact predictions and setting controls. A procedure to deter
mine whether or not an effluent's toxicity is persistent has been 
developed by EPA [63]. The procedure describes the steps re
quired to conduct a laboratory evaluation of the degradation of 
toxicity in complex effluents that are released to receiving waters 
by simplistically simulating a water body and discharge. EPA 
recommends this procedure be conducted where the interac
tion of sources of toxicants is critical to establishing controls. 

This simple procedure is performed in a refrigerator-sized environ
mental chamber in the laboratory using commonly available 
glassware and shipped effluent samples. Toxicity is measured 
using conventional acute or short-term chronic toxicity tests. The 
results are used to generate a toxicity degradation rate for the 
effluent under representative environmental conditions. The pro
cedure has several applications, including measuring the decay of 
effluent toxicity in a stream or lake, and identifying the most 
important fate processes responsible for toxicity decay (which 
also may be useful in treatability or toxicity identification studies). 

Mixing zones designated by State water quality standards, or 
developed on a case-by-case basis, are typically small enough that 
toxicity evaluations need only consider near field situations. Con
tinuous discharges continually can introduce toxic pollutants into 
a receiving water. Although these pollutants can decay over time, 
this decay will occur downstream or away from the discharge. 
The receiving water concentrations at the point of discharge 
continually are being refreshed. In these instances, toxicity can be 
considered conservative and persistent (nondecaying) in the near 
field. 

However, effluent toxicity can exhibit far field decay. Typical 
patterns of progressively decreasing downstream toxicity (similar 
to biochemical oxygen demand decay) have been observed in a 
number of freshwater situations [23, 31-38]. This is of concern 
when evaluating the combined toxicity of sources located far 
apart. If there is reason to suspect that an effluent's toxicity is not 
persistent, several techniques can be employed to measure changes 
of toxicity after discharge: 

• Testing should be performed during various seasons of the 
year corresponding to various receiving water flow regimes. 
The toxicity test itself, when performed with dilution water 
immediately upstream or from an uncontaminated area 
nearby, is an analogue of the mixing and fate processes 
taking place in the receiving water. The types of rapid 
chemical reactions found in the mixing zone also can be 
expected to take place to a large extent when effluents and 
receiving waters are mixed for toxicity tests. The effects on 
toxicity persistence of varying physical/chemical conditions 
in the receiving water or in the effluent cannot, however, 
be accurately predicted from these results. 

• Ambient toxicity testing, as detailed in Appendix C, mea
sures the ambient interactions of effluent and receiving 
water and can be used to assess toxicity persistence. 

Toxicity persistence may present a more serious problem in estua
rine or lake receiving waters where the toxicity is not flushed away 
rapidly. In one study, on a POlW effluent being discharged into a 
small cove off of Narragansett Bay, the decay rate of the effluent 
was temperature-dependent and was reduced markedly during 



the winter. However, persistence of the effluent in the receiving 
water cove in the winter did present a problem because tidal 
flushing did not remove the toxicity [39]. 

For coastal discharges, certain toxic compounds are more often 
found to cause impacts in marine and estuarine environments 
[64]. Due to the physical and chemical processes that tend to 
trap pollutants in estuaries (sedimentation, salinity flux, etc.), the 
discharge of these compounds, at very low concentrations over a 
long period of time, may allow them to accumulate to toxic 
concentrations. For many of these compounds, applicable permit 
limits may need to be very stringent to avoid chronic toxicity 
problems due to the persistence of these compounds. 

1.6.2 Alldltlrlty, Antagonism, alld Syasrglsm 

Where multiple toxic effluents are discharged to a receiving wa
ter, the resultant ambient toxicity is of interest. Since each 
effluent is composed of individual toxic substances, a mixture of 
the effluents in a receiving water produces a mixture of these 
individual pollutants (assuming conservative behavior). The over
all ambient toxicity could be equal to the sum of each discharge's 
toxicity (additivity), less than the sum (antagonism), or greater 
than the sum (synergism). 

Alabaster and Lloyd [65) observed from their data that the com
bined acutely lethal toxicity to fish and other aquatic organisms is 
approximately the simple addition of the proportional contribu
tion from each toxicant. The median value of the effect on fish is 
0.95 of that predicted; the collective value for sewage effluents, 
river waters and a few industrial wastes is 0.85. The range for 
effluents, river wastes, and industrial wastes is 0.4 to 2.8. (Figure 
1-11 illustrates the data summary.) 

\ 

\ 

e River Waters 
0 Sewage Effluents 
"' Gas Liquor 
6. Drilling FlUid 

,__.,.~./""" 
___.- Pesticides and Other Substances 

, __ / Regress1on Lme of Points 
_-""( \ ~--~---- x' Sewage and lnoustrial Wastes 

. ' _./"/ ' 

. \ ////0- Effluent With Hjgh lndustnal 
\ and Pesttcide COmponents 

99.5 '---'--'-.............. -'-___ ........_ _ __.__.....___.__.__._.._. 

0.4 2 4 8 

Times as Toxic as Predicted from Summed Toxic Units 

Figure 1-11. Data Summary on Additivity [ 65) 
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In relation to chronic toxicity, for the growth of fish, Alabaster and 
Lloyd [65] conclude: 

. .. in the few studies on the growth of fish, the joint effect 
of toxicants has been consistently less than additive 
which suggests that as concentrations of toxicants are 
reduced towards the levels of no effect, their potential 
for addition is also reduced. There appear to be no 
marked and consistent differences between the response 
of species to mixtures of toxicants. 

Cases in which one effluent or pollutant parameter (such as total 
suspended solids) ameliorated the toxicity of another effluent 
pollutant (antagonism) have been observed. Testing procedures 
can be designed to measure such interactions. A description of 
such a procedure is found in "Recommended Multiple-Source 
Toxicity Test Procedures," Box 3-3, Chapter 3. 

Theoretically, under certain conditions, synergism, a greater than 
additive increase in toxicity upon mixing, can occur. However, 
field studies of effluent toxicity and laboratory experiments with 
specific chemicals imply that synergism would be an extremely 
rare phenomenon. It has not been observed during onsite efflu
ent toxicity studies, and is not considered an important factor in 
the toxicological assessment of effluents. 

In summary, the available information indicates that the com
bined effects of individual acutely toxic pollutants are from 0.4 to 
2.8 times the effects predicted by adding the individual effects. 
The median combined effect is approximately additive. For this 
reason, EPA recommends in the absence of site-specific data 
that regulatory authorities consider combined acute toxicity 
to be additive. Since the data shows no such additivity for 
chronic toxicity, EPA recommends that chronic toxicity not be 
considered as additive. 

1.6.3 Test Interferences 

Environmental conditions such as pH, temperature, salinity, hard
ness, and solids concentration can influence the toxicity test. For 
example, higher ambient solids concentrations provide more sur
faces for toxicants to be adsorbed and can tend to reduce toxicity. 
In addition, toxicity caused by ammonia is controlled by the 
ambient pH and temperature. As a normal part of the whole 
effluent toxicity testing procedure, it is very important to 
replicate closely the "worst case" receiving water conditions 
in the testing conditions. 

There may be a few unusual situations where the pH, tempera
ture, hardness, salinity, and solids requirements of the testing 
procedures differ greatly from the worst environmental condi
tions for these parameters. In these situations, the effluent toxic
ity tests may either over or under predict the toxicity in the 
ambient receiving water. An example of this is where ammonia is 
present and the highest expected ambient water temperature is 
20oc whereas the chronic toxicity test must be conducted at 
25°C. Since a higher temperature causes more ammonia toxicity, 
the temperature requirements of the test may induce toxicity not 
found in the ambient water. In such an instance, the regulatory 
authority must look carefully at the test protocols and all the data 
collected to determine if the facility is actually contributing to 
toxicity in the ambient water. A toxicity identification evaluation 



may be necessary to make this determination. If this analysis 
shows a toxicity test result to be artificial due to environmental 
parameters, then that test should be overridden by subsequent 
valid toxicity tests conducted. 

1. 7 HUMAN HEALTH PROTECTION 

Impacts on human health due to exposure to waterborne toxi
cants can occur through three primary exposure routes: contact 
recreation, drinking water, and the ingestion of contaminated fish 
and shellfish tissues. Contact recreation may pose potential risks 
due to dermal absorption and incidental ingestion. Exposure 
through drinking water is a significant concern but can be miti
gated for specific chemicals by applying drinking water criteria. 
The third exposure route, human consumption of contaminated 
aquatic life, is of primary concern in this document due to the 
potentially high concentrations achieved in fish and shellfish tis
sues from bioconcentration, and because no NPDES permitting 
controls exist between tissue contamination and human exposure. 
For these reasons, this document focuses on prevention of con
taminated aquatic life from bioconcentration as the principal way 
to control human exposure to waterborne toxicants. 

Currently, the regulation of human health impacts typically are 
based only upon the control of individual chemicals. EPA human 
health water quality criteria protect against the consumption of 
contaminated water and aquatic life. There is no mechanism like 
the aquatic toxicity test to determine the effect of a chemical 
mixture like an effluent on human health. EPA is developing, 
however, a preliminary approach to analyzing effluents for 
bioaccumulation potential through the use of a whole effluent 
bioconcentration analysis followed by identification of individual 
bioconcentratable pollutants [66]. This procedure is described in 
Chapter 3. Once this method is reviewed (both internally and 
externally) and finalized, it will provide another way for regulatory 
authorities to assess bioconcentratable pollutants. 

1. 7.1 Types of Health Effects 
Health effects from toxics are divided into two categories: 
nonthreshold effects, such as carcinogenicity, and threshold ef
fects, such as acute, subacute, or chronic toxicity. Both terms are 
defined below. 

EPA's approach to assessing the risks associated with nonthreshold 
human carcinogens is different from the approach for threshold 
toxicants due to the different mechanisms of action thought to be 
involved. In the case of carcinogens, the Agency assumes that a 
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small number of molecular events can evoke changes in a single 
cell that can lead to uncontrolled cellular proliferation. This 
mechanism for carcinogenesis is referred to as "nonthreshold," 
since there is essentially no level of exposure for such a chemical 
that does not pose a sma\1, but finite, probability of generating a 
carcinogenic response. Genotoxic pollutants are presumed to 
have no threshold level, but incremental risk levels can be deter
mined based on the carcinogenic potency of the chemicals. 

Threshold toxicants, on the other hand, are generally treated as if 
there is an identifiable exposure threshold (both for individuals 
and populations) below which effects are not observable. Thresh
old toxicants are chemicals that give rise to toxic endpoints other 
than cancer because of their effects on the function of various 
organ systems. Such chemicals are presumed to have safe expo
sure levels. This characteristic distinguishes threshold endpoints 
from nonthreshold endpoints. However, it should be noted that 
chemicals that cause cancer and mutations also commonly evoke 
other toxic effects (systemic toxicity). In the case of systemic 
toxicity, compensating and adaptive "defense" mechanisms exist 
that must be overcome before the toxic endpoint is manifested. 
For example, there could be a large number of cells performing 
the same or similar function whose population must be signifi
cantly altered before the effect is seen. The individual threshold 
hypothesis holds that a range of exposures from zero to some 
finite value can be tolerated by the organisms with essentially no 
chance of expression of the toxic effect. 

Currently, the control of toxicants that bioconcentrate in edible 
tissues is achieved in the NPDE.S program by limiting such pollut
ants individually. There are whole effluent tests that can measure 
a wastewater's potential to cause carcinogenicity or mutagenicity 
(e.g., Ames test). However, the application of such data is experi
mental because of the difficulty in establishing cause/effect rela
tionships between exposure to wastewaters and human health 
problems. Therefore, at this time EPA recommends regulatory 
authorities focus on controls for bioconcentratable toxicants on a 
chemical-by-chemical control basis. 

The remaining information regarding regulation of human health 
impacts is contained in the following chapters: Chapter 2, Water 
Quality Standards, discusses the development and updating of 
human health water quality criteria. Chapter 3, Effluent Charac
terization, discusses the evaluation of effluents for potential hu
man health impacts. Chapter 4, Exposure and Wasteload Alloca
tion, contains information on design conditions and averaging 
periods. Finally, Chapter 5, Permit Requirements, discusses the 
derivation of permit limits protective against human health im
pacts. 
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2. WATER QUALITY CRITERIA AND STANDARDS 

2.1 INTRODUCTION 

The foundation of a water quality-based taxies control program 
consists of the State water quality standards applicable to the 
waterbody. The following discussion describes the regulatory and 
technical considerations for application of water quality stan
dards. 

2.1. 1 Orerriew of Water Quality Standards 
A water quality standard defines the water quality goals of a water 
body, or portion thereof, by designating the use or uses to be 
made of the water, by setting criteria necessary to protect the 
uses, and by establishing antidegradation policies and implemen
tation procedures that serve to maintain and protect water qual
ity. States adopt water quality standards to protect public health 
or welfare, enhance the quality of water, and serve the purposes 
of the Clean Water Act (CWA). "Serve the purposes of the Act" 
(as defined in Sections 101 (a), 101 (a)(2), and 303(c) of the Act) 
means that water quality standards should (1) include provisions 
for restoring and maintaining chemical, physical, and biological 
integrity of State waters; (2) provide, wherever attainable, water 
quality for the protection and propagation of fish, shellfish, and 
wildlife and recreation in and on the water ("fishable/swimmable"); 
and (3) consider the use and value of State waters for public water 
supplies, propagation of fish and wildlife, recreation, agriculture 
and industrial purposes, and navigation. 

The CWA describes various uses of waters that are considered 
desirable and should be protected. These uses include public 
water supply, recreation, and propagation of fish and wildlife. The 
States are free to designate more specific uses (e.g., cold water 
and warm water aquatic life), or to designate uses not mentioned 
in the CWA, with the exception that waste transport and assimila
tion is not an acceptable designated use (see 40 CFR 1 31.1 O(a)). 
EPA's regulations emphasize the uses specified in CWA Section 
101 (a)(2), but do not preclude other beneficial uses and subcat
egories of uses as determined by the State. 

When designating uses, States should give careful consideration 
to whether uses that will support the "fishable and swimmable" 
goal of Section 1 01 (a)(2) are attainable. If the State does not 
designate uses in support of this goal, the State must perform a 
use attainability analysis under Section 1 31.1 O(j) of the standards 
regulation. States should designate uses for the waterbody that 
the State determines can be attained in the future. "Attainable 
uses" are those uses (based on the State's system of water use 
classification) that can be achieved when effluent limits under 
CWA Section 301 (b)(1 )(A) and (B) and Section 306 are imple
mented for point source discharges and when cost-effective and 
reasonable best management practices are implemented for 
nonpoint sources. The Water Quality Standards regulation speci
fies the conditions under which States may remove uses or estab
lish subcategories of uses. Among these are that the State must 
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provide opportunity for public hearing. In addition, uses that 
have been attained in the waterbody on or after November 28, 
1975, whether or not they are included in the water quality 
standards, may not be removed unless a use requiring more 
stringent criteria is added. These uses are the "existing uses" as 
defined in 40 CFR 131.3(e). Also, uses that are attainable, as 
defined above, may not be removed. Removal of a "fishable/ 
swimmable" use, or adoption of a subcategory of a "fishable/ 
swimmable" use that requires less stringent criteria, requires the 
State to conduct a use attainability analysis. Technical guidance 
on conducting use attainability analyses is available from EPA 
(e.g., Chapter 3 of the Water Quality Standards Handbook (1983) 
[1], and Technical Support Manual: Waterbody Surveys and Assess
ments for Conducting Use Attainability Analyses (1983) [2]. 

In the Water Quality Standards regulation, Section 131.11 en
courages States to adopt both numeric and narrative criteria. 
Aquatic life criteria should protect against both short-term (acute) 
and long-tenm (chronic) effects. Numeric criteria particularly are 
important where the cause of toxicity is known or for protection 
against pollutants with potential human health impacts or 
bioaccumulation potential. Numeric water quality criteria also 
may be the best way to address nonpoint source pollution prob
lems. Narrative criteria can be the basis for limiting toxicity in 
waste discharges where a specific pollutant can be identified as 
causing or contributing to the toxicity but there are no numeric 
criteria in the State standards or where toxicity cannot be traced 
to a particular pollutant. Section 1 31 .11 (a)(2) requires States to 
develop implementation procedures that explain how the State 
will ensure that narrative toxics criteria are met. 

EPA's water quality standards regulation requires each State to 
adopt, as part of its water quality standards, an antidegradation 
policy consistent with 40 CFR 1 31 .12 and to identify the methods 
it will use for implementing the policy. Activities covered by the 
antidegradation policy and implementation methods include both 
point and nonpoint sources of pollution. Section 131.12 effec
tively sets out a three-tiered approach for the protection of water 
quality. 

"Tier I" (40 CFR 131.12(a)(1)) of antidegradation maintains and 
protects existing uses and the water quality necessary to protect 
these uses. An existing use can be established by demonstrating 
that fishing, swimming, or other uses have actually occurred since 
November 28, 1975, or that the water quality is suitable to allow 
such uses to occur, whether or not such uses are designated uses 
for the waterbody in question. (Compare Sections 131.3(e) and 
131.3(f) of the existing regulation.) For example, in an area 
where shellfish are propagating and surviving in a biologically 
suitable habitat, the shellfish use is existing, whether or not people 
are harvesting the shellfish. The aquatic life protection use is a 
broad category requiring further explanation, which may be found 
in the Water Quality Standards Handbook. 



"Tier II" (Section 131.12(a)(2)) protects the water quality in wa
ters whose quality is better than that necessary to protect "fishable/ 
swimmable" uses of the waterbody. 40 CFR 131.12(a)(2) requires 
that certain procedures be followed and certain showings be 
made before lowering water quality in high-quality waters. These 
showings may be called an "antidegradation review." In no case 
may water quality on a Tier II waterbody be lowered to the level at 
which existing uses are impaired. The Tier II protection usually is 
applied on a parameter-by-parameter basis (called the defini
tional approach to Tier II). This approach is applied on a case-by
case basis so that, if the level of any parameter is better than water 
quality standards for that waterbody, then an antidegradation 
review will be performed for any activity that could reduce the 
level of that parameter. 

Outstanding national resource waters (ONRWs) are provided the 
highest level of protection under the antidegradation policy (Tier 
Ill); no degradation is allowed. ONRWs include the highest
quality waters of the United States. However, the ONRW 
antidegradation classification also offers special protection for 
waters of "exceptional ecological significance," i.e., those 
waterbodies that are important, unique, or sensitive ecologically, 
but whose water quality, as measured by the traditional param
eters such as dissolved oxygen or pH, may not be particularly 
high. Waters of exceptional ecological significance may also 
include waters whose characteristics cannot be described ad
equately by traditional parameters (such as wetlands and estuaries). 

States may, at their discretion, adopt certain policies in their 
standards affecting the application and implementation of stan
dards. For example, policies concerning mixing zones, variances, 
low-flow exemptions, and schedules of compliance for water 
quality-based permit limits may be adopted. Although these are 
areas of State discretion, EPA retains authority to review and 
approve or disapprove such policies (see 40 CFR 131.13). Guid
ance on these subjects is available from EPA's Office of Water 
Regulations and Standards, Criteria and Standards Division. 

2.1.2 Water Quality Standards and State Toxlcs Csntrol ,... 
Applicable requirements for State adoption of water quality crite
ria for toxicants vary depending upon the toxicant. The reason 
for this is that the 1983 water quality standards regulation and the 
1987 amendments to the CWA (Pub. L. 1 00-4) include more 
specific requirements for the particular toxicants listed in CWA 
Section 307(a). For regulatory purposes, EPA has translated the 
65 compounds and families of compounds listed in Section 307(a) 
into 126 specific substances that EPA refers to as priority toxic 
pollutants. The 126 priority toxic pollutants are listed in Appendix 
A of 40 CFR Part 423. Because of the more specific requirements 
for priority toxic pollutants, it is convenient to organize the re
quirements applicable to State adoption of criteria for toxicants 
into three categories: 

• Requirements applicable to priority toxic pollutants that 
have been the subject of CWA Section 304(a)(1) criteria 
guidance 

• Requirements applicable to priority toxic pollutants that 
have not been the subject of CWA Section 304(a)(1) criteria 
guidance and 
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• Requirements applicable to all other toxicants (i.e., 
nonpriority toxic pollutants). 

The criteria requirements applicable to priority toxic pollutants 
(i.e., the first two categories above), are specified in CWA Section 
303(c)(2)(B). On December 2, 1988, EPA sent "Guidance for 
State Implementation of Water Quality Standards for CWA Sec
tion 303(c)(2)(B)" to each of its Regions and to each State water 
pollution control agency. The guidance contained three options 
for implementing the new numeric criteria requirements of the 
Act: (1) adopt Statewide numeric criteria in standards for all those 
priority toxic pollutants for which EPA has published national 
criteria; (2) adopt numeric criteria for only those priority toxic 
pollutants and those stream segments where the discharge or 
presence of the pollutant could reasonably be expected to inter
fere with designated uses; or (3) adopt a specific procedure in the 
standards to "translate" the State's narrative "free from taxies" 
standard to derived numeric criteria. 

The transmittal memorandum for the Section 303(c)(2)(B) na
tional guidance expresses the Office of Water position regarding 
priority toxic pollutants that may "reasonably be expected" to 
interfere with designated uses. That memorandum and guidance 
established a rebuttable presumption that M!}' information indi
cating that such pollutants are discharged or present in surface 
waters (now or in the future) is sufficient justification to require 
adoption or derivation of numerical criteria. The goal is not just to 
identify pollutants that are already impacting surface waters, but 
rather to identify pollutants that may be impacting surface waters 
now, or have the potential to do so in the future. Lack of detailed 
or widespread monitoring data is not an acceptable basis to omit 
numerical (or derived numerical) criteria from water quality stan
dards under Options 2 and 3. Even a limited amount of monitor
ing data indicating the discharge or presence of priority toxic 
pollutants in surface waters is sufficient basis to conclude that 
numerical (or derived numerical) criteria are necessary. 

Where States select an Option 2 or 3 approach, States must 
include, as part of the rationale supporting the adopted stan
dards, the information used in determining which priority toxic 
pollutants require criteria. Where there is uncertainty about the 
need for criteria for specific priority toxic pollutants, the State 
should adopt (or derive) criteria for such pollutants so as to err on 
the side of environmental protection and pollution prevention. 
This approach is appropriate given the general lack of monitoring 
data for priority toxic pollutants; it will provide maximum protection 
to the environment by anticipating, rather than reacting to, water 
quality problems. 

For priority toxic pollutants for which EPA has not issued Section 
304(a)(1) criteria guidance, CWA Section 303(c)(2)(B) requires 
States to adopt criteria based on biological monitoring or assess
ment methods. The phrase "biological monitoring or assessment 
methods" includes (1) whole effluent toxicity control methods, 
(2) biological criteria methods, or (3) other methods based on 
biological monitoring or assessment. The phrase "biological 
monitoring or assessment methods" in its broadest sense also 
includes criteria developed through translator procedures. This 
broad interpretation of that phrase is consistent with EPA's policy 
of applying chemical-specific, biological, and whole effluent tox
icity methods independently in an integrated taxies control pro
gram. It also is consistent with the intent of Congress to expand 
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State standards programs beyond chemical-specific approaches. 

Where EPA has not issued Section 304(a) criteria guidance, but 
available laboratory toxicity (bioassay) data are sufficient to sup
port derivation of chemical-specific criteria, States should consider 
deriving and adopting numeric criteria for such priority toxic 
pollutants. This is particularly important where other compo
nents of a State's narrative criterion implementation procedure 
(e.g., whole effluent toxicity controls or biological criteria) may 
not ensure full protection of designated uses. For some pollutants, 
a combination of chemical-specific and other approaches is nec
essary (e.g., pollutants where bioaccumulation in fish tissue or 
water consumption by humans is a primary concern). 

Criteria requirements applicable to toxicants that are not priority 
toxic pollutants (i.e., the third category above), are specified in 
the 1983 water quality standards regulation (see 40 CFR 1 31 .11 ). 
Under these requirements, States must adopt criteria based on 
sound scientific rationale that cover sufficient parameters to pro
tect designated uses. Both numeric and narrative criteria are 
addressed by these requirements. 

Numeric criteria are required where such criteria are necessary to 
protect designated uses. Numeric criteria to protect aquatic life 
should be developed to address both short-term (acute) and 
long-term (chronic) effects. Saltwater species, as well as freshwa
ter species, must adequately be protected. Adoption of numeric 
criteria is particularly important for toxicants known to be impair
ing surface waters and for toxicants with potential human health 
impacts (e.g., those with high bioaccumulation potential). Hu
man health should be protected from exposure resulting from 
consumption of water and fish or other aquatic life (e.g., mussels, 
crayfish). Numeric water quality criteria also are useful in address
ing nonpoint source pollution problems. 

In evaluating whether chemical-specific numeric criteria for toxi
cants are required, States should consider whether other ap
proaches (such as whole effluent toxicity criteria or biological 
controls) will ensure full protection of designated uses. As men
tioned above, a combination of independent approaches may be 
required in some cases to support the designated uses and com
ply with the requirements of the water quality standards regula
tion (e.g., pollutants where bioaccumulation in fish tissue or water 
consumption by humans is a primary concern). 

To supplement numeric criteria for toxicants, all States also have 
adopted narrative criteria for toxicants. Such narrative criteria are 
statements that describe the desired water quality goal, such as 
the following: 

All State waters must, at all times and flows, be free from 
substances that are toxic to humans or aquatic life. 

EPA considers that the narrative criteria apply to all designated 
uses at all flows unless specified otherwise in a State's water 
quality standards. EPA also believes that no acutely toxic condi
tion may exist in any State waters regardless of designated use (54 
FR 23875). 

Narrative criteria can be the basis for establishing chemical-spe
cific limits for waste discharges where a specific pollutant can be 
identified as causing or contributing to tne toxicity and the State 
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has not adopted chemical-specific numeric criteria. Narrative 
criteria also can be the basis for establishing whole effluent toxic
ity controls required by EPA regulations at 40 CFR 122.44(d)(1 )(v). 

To ensure that narrative criteria for toxicants are attained, the 
water quality standards regulation requires States to develop 
implementation procedures (see 40 CFR 131.11 (a)(2)). Such 
implementation procedures (Box 2-1) should address all mecha
nisms used by the State to ensure that narrative criteria are 
attained. Because implementation of chemical-specific numeric 
criteria is a key component of State taxies control programs, 
narrative criteria implementation procedures must describe or 
reference the State's procedures to implement such chemical
specific numeric criteria (e.g., procedures for establishing chemi
cal-specific permits limits under the NPDES permitting program). 
Implementation procedures also must address State programs to 
control whole effluent toxicity and may address programs to 
implement biological criteria, where such programs have been 
developed by the State. Implementation procedures therefore 
serve as umbrella documents that describe how the State's vari
ous toxics control programs are integrated to ensure adequate 
protection for aquatic life and human health and attainment of 
the narrative toxics criterion. In essence, the procedure should 
apply the "independent application" principle, which provides for 
independent evaluations of attainment of a designated use based 
on chemical-specific, whole effluent toxicity, and biological crite
ria methods (see Chapter 1, Reference 56). 

EPA encourages, and may ultimately require, State implementa
tion procedures to provide for implementation of biological crite
ria. However, the regulatory basis for requiring whole effluent 
toxicity controls is clear. EPA regulations at 40 CFR 122.44(d)(l )(v) 
require NPDES permits to contain whole effluent toxicity limits 
where a permittee has been shown to cause, have the reasonable 
potential to cause, or contribute to an in-stream excursion of a 
narrative criterion. Implementation of chemical-specific controls 
also is required by EPA regulations at 40 CFR 122.44(d)(l ). State 
implementation procedures should, at a minimum, specify or 
reference methods to be used in implementing chemical-specific 
and whole effluent toxicity-based controls, explain how these 
methods are integrated, and specify needed application criteria. 

In addition to EPA's regulation at 40 CFR Part 131, EPA has regu
lations at 40 CFR 1 22.44 that cover the National Surface Water 
Toxics Control Program. These regulations intrinsically are linked 
to the requirements to achieve water quality standards, and spe
cifically address the control of pollutants both with and without 
numeric criteria. For example, Section 122.44(d)(l )(vi) provides 
the permitting authority with several options for establishing 
effluent limits when a State does not have a chemical-specific 
numeric criteria for a pollutant present in an effluent at a concen
tration that causes or contributes to a violation of the State's 
narrative criteria. 

2.2 GENERAL CONSIDERATIONS 

2.2. 1 Magnitude, Duration, and Frequency 
As stated earlier, criteria are specifications of water quality de
signed to ensure protection of the designated use. EPA criteria are 



Box 2-1. Components of an Ideal State Implementation Procedure 

• Specific, scientifically defensible methods by which the State will implement its narrative toxics standard for all 
toxicants, including: 

- Methods for Q1emical-specific criteria, including methods for applying chemical-specific criteria in per
mits, developing or modifying chemical-specific criteria via a "translator procedure" (defined and 
discussed below), and calculating site-specific criteria based on local water chemistry or biology 

Methods for developing and implementing whole effluent toxicity criteria and/or controls 

Methods for developing and implementing biological criteria. 

• Integration of these methods in the State's toxics control program (i.e., how the State will proceed when the 
specified methods produce conflicting or inconsistent results). 

• Application criteria and information that are needed to apply numerical criteria, for example: 

- Methods the State will use to identify thosepollutants to be regulated in a specific discharge 

An incremental cancer risk level for carcinogens 

- Methods for identifying compliance thresholds inpermits where calculated limits are below 
detection 

- Methods for selecting appropriate hardness, pH, and temperature variables for criteria 
expressed as functions 

Methods or policies controlling the size and in-zone quality of mixing zones 

Design flows to be used in translating chemical-specific numeric criteria for aquatic life and human 
health into permit limits 

- Other methods and information that will be needed to apply standards on a case-by-case basis. 

developed as national recommendations to assist States in devel
oping their standards and to assist in interpreting narrative stan
dards. EPA criteria or guidance consist of three components: 

• Magnitude-How much of a pollutant (or pollutant param
eter such as toxicity), expressed as a concentration, is allow
able. 

• Duration-The period of time (averaging period) over which 
the instream concentration is averaged for comparison with 
criteria concentrations. This specification limits the dura
tion of concentrations above the criteria. 

• Frequency-How often criteria can be exceeded. 

A typical aquatic life water quality criteria statement contains a 
concentration, averaging period, and return frequency, stated in 
the following format: 

The procedures described in the Guidelines for Deriving 
National Water Quality Criteria for the Protection of Aquatic 
Organisms and Their Uses indicate that, except possibly 
where a locally important species is very sensitive, .1ll 
aquatic organisms and their uses should not be affected 
unacceptably if the tour-day average concentration of 
Ql_ does not exceed J]l_ 1-1-g/L more than once every 
three years on the average and if the one-hour average 
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concentration does not exceed illJlg/L more than once 
every three years on the average. 

In this example generic statement, the following terms are in
serted at: 

(1) - either "freshwater" or "saltwater" 

(2) - the name of the pollutant 

(3)- the lower of the chronic-effect or residue-based 
concentrations as the criterion continuous con
centration (CCC) 

(4)- the acute effect-based criterion maximum con
centration (CMC). 

Defining water quality criteria with an appropriate duration and 
frequency of excursions helps to ensure that criteria appropriately 
are considered in developing wasteload allocations (WLAs), which 
are then translated into permit requirements. Duration and fre
quency may be defined in the design stream flow appropriate to 
the criterion. However, in these cases, the State should provide 
an evaluation that the selected design stream flow approximates 
the recommended duration and frequency. 



2.2.2 Mixing Zones 
It is not always necessary to meet all water quality criteria within 
the discharge pipe to protect the integrity of the waterbody as a 
whole. Sometimes it is appropriate to allow for ambient concen
trations above the criteria in small areas near outfalls. These areas 
~recalled mixing zones. Since these areas of impact, if dispropor
tionately large, could potentially adversely impact the productiv
ity of the waterbody, and have unanticipated ecological conse
quences, they should be carefully evaluated and appropriately 
limited in size. As our understanding of pollutant impacts on· 
ecological systems evolves, there may be cases identified where 
no mixing zone is appropriate. 

To ensure mixing zones do not impair the integrity of the 
waterbody, it should be determined that the mixing zone will not 
cause lethality to passing organisms and, considering likely path
ways of exposure, that there are no significant human health risks. 
One means to achieve these objectives is to limit the size of the 
area affected by the mixing zones. 

For application of two-number aquatic life criteria, there may be 
up to two types of mixing zones (Figure 2-1 ). In the zone 
immediately surrounding the outfall, neither the acute nor the 
chronic criterion is met. The acute criterion is met at the edge of 
this zone. In the next mixing zone, the acute, but not the 
chronic, criterion is met. The chronic criterion is met at the edge 
of the second mixing zone. 

In the general case, where a State has both acute and chronic 
aquatic life criteria, as well as human health criteria, indepen
dently established mixing zone specifications may apply to each 
of the three types of criteria. The acute mixing zone may be sized 
to prevent lethality to passing organisms, the chronic mixing zone 

Outfall 

"-- Chronic criteria met 

Figure 2-1. Diagram of the Two Parts of the Mixing Zone 
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sized to protect the ecology of the waterbody as a whole, and the 
health criteria mixing zone sized to prevent significant human 
risks. For any particular pollutant from any particular discharge, 
the magnitude, duration, frequency, and mixing zone associated 
with each of the three types of criteria will determine which one 
most limits the allowable discharge. 

Mixing zone allowances will increase the mass loadings of the 
pollutant to the waterbody, and decrease treatment require
ments. They adversely impact immobile species, such as benthic 
communities, in the immediate vicinity of the outfall. Because of 
these and other factors, mixing zones must be applied carefully, 
so as not to impede progress toward the ONA goals of maintain
ing and improving water quality. EPA recommendations for 
allowances for mixing zones, and appropriate cautions about 
their use, are contained in this section. 

The CWA allows mixing zones at the discretion of the State [1]. 
EPA recommends that States have a definitive statement in 
their standards on whether or not mixing zones are allowed. 
Where mixing zones provisions are part of the State standards, 
the State should describe the procedures for defining mixing 
zones. 

To determine that a mixing zone is sized appropriately for aquatic 
life protection, water quality conditions within the mixing zone 
may be compared to laboratory-measured or predicted toxicity 
bench marks as follows: 

It is not necessary to meet chronic criteria within the 
mixing zone, only at the edge of the mixing zone. 
Conditions within the mixing zone would thus not be 
adequate to ensure survival, growth, and reproduction 
of all organisms that might otherwise attempt to reside 
continuously within the mixing zone. 

If acute criteria (CMC derived from 48- to 96-hour expo
sure tests) are met throughout the mixing zone, no 
lethality should result from temporary passage through 
the mixing zone. If acute criteria are exceeded no more 
than a few minutes in a parcel of water leaving an outfall 
(as assumed in deriving the Section 4.3.3 options for an 
outfall velocity of 3 m/sec, and a size of 50 times the 
discharge length scale), this likewise assures no lethality 
to passing organisms. 

If a full analysis of concentrations and hydraulic resi
dence times within the mixing zone indicates that or
ganisms drifting through the plume along the path of 
maximum exposure would not be exposed to concen
trations exceeding the acute criteria when averaged 
over the 1-hour (or appropriate site-specific) averaging 
period for acute criteria, then lethality to swimming or 
drifting organisms ordinarily should not be expected, 
even for rather fast-acting toxicants. In many situations, 
travel time through the acute mixing zone must be less 
than roughly 15 minutes if a 1-hour average exposure is 
not to exceed the acute criterion. 

Where mixing zone toxicity is evaluated using the probit 
approach described in the water quality criteria 
"Bluebook" [3], or using models of toxicant accumula-
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tion and action in organisms (described by Mancini [4] 
or Erickson et al. [5)), the phenomenon of delayed mor
tality should be taken into account before judging the 
mixing zone concentrations to be safe. 

The above recommendations assume that the effluent is repul
sive, such that free-swimming organisms would avoid the mixing 
zones. While most toxic effluents are repulsive, caution is neces
sary in evaluating attractive mixing zones of known effluent toxic
ity, and denial of such mixing zones may well be appropriate. It 
also is important to ensure that concentration isopleths within any 
plume will not extend to restrict passage of swimming organisms 
into tributary streams. 

In all cases, the size of the mixing zone and the area within certain 
concentration isopleths should be evaluated for their effect on the 
overall biological integrity of the waterbody. If the total area 
affected by elevated concentrations within all mixing zones com
bined is small compared to the total area of a waterbody (such as 
a river segment), then mixing zones are likely to have little effect 
on the integrity of the waterbody as a whole, provided that they 
do not impinge on unique or critical habitats. EPA has developed 
a multistep procedure for evaluating the overall acceptability of 
mixing zones [6]. 

For protection of human health, the presence of mixing zones 
should not result in significant health risks, when evaluated using 
reasonable assumptions about exposure pathways. Thus, where 
drinking water contaminants are a concern, mixing zones should 
not encroach on drinking water intakes. Where fish tissue resi
dues are a concern (either because of measured or predicted 
residues), mixing zones should not be projected to result in 
significant health risks to average consumers of fish and shellfish, 
after considering exposure duration of the affected aquatic or
ganisms in the mixing zone, and the patterns of fisheries use in 
the area. 

While fish tissue contamination tends to be a far-field problem 
affecting entire waterbodies rather than a narrow-scale problem 
confined to mixing zones, restricting or eliminating mixing zones 
for bioaccumulative pollutants may be appropriate under condi
tions such as the following: 

• Mixing zones should be restricted such that they do not 
encroach on areas often used for fish harvesting particularly 
of stationary species such as shellfish. 

• Mixing zones might be denied where such denial is used as 
a device to compensate for uncertainties in the protective
ness of the water quality criteria or uncertainties in the 
assimilative capacity of the waterbody. 

2.3 WATER QUALITY CRITERIA FOR AQUAnC LIFE 
PROTECTION 

2.3. 1 DerelopmtJnt Process for Criteria 
The development of national numerical water quality criteria for 
the protection of aquatic organisms is a complex process that uses 
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information from many areas of aquatic toxicology. (See Refer
ence 7 for a detailed discussion of this process.) After a decision is 
made that a national criterion is needed for a particular material, 
a II available information con cern ing toxicity to, and 
bioaccumulation by, aquatic. organisms is collected and reviewed 
for acceptability. If enough acceptable data for 48- to 96-hour 
toxicity tests on aquatic animals are available, they are used to 
derive the acute criterion. If sufficient data on the ratio of acute to 
chronic toxicity concentrations are available, they are used to 
derive the chronic or long-term exposure criteria. If justified, one 
or both of the criteria may be related to another water quality 
characteristic, such as pH, temperature, or hardness. Separate 
criteria are developed for freshwaters and saltwaters. 

The water quality standards regulation allows States to develop 
numerical criteria or modify EPA's recommended criteria to ac
count for site-specific or other scientifically defensible factors. In 
cases where additional toxicological data are needed to modify or 
develop criteria, the discharger may be required to generate the 
data. Guidance on modifying national criteria is found in the 
handbook [1]. When a criterion must be developed for a chemi
cal for which a national criterion has not been established, the 
regulatory authority should refer to the Guidelines for Deriving Cri
teria for Aquatic Life and Human Health (see 45 FR 79341, Novem
ber 28, 1980, and 50 FR 30784, July 29, 1985). 

2.3.2 Magnitude for Single Chemicals 
Water quality criteria for aquatic life contain two expressions of 
allowable magnitude: a CMC to protect against acute (short
term) effects and a CCC to protect against chronic (long-term) 
effects. EPA derives acute criteria from 48- to 96-hour tests of 
lethality or immobilization. EPA derives chronic criteria from 
longer-term (often greater than 28-day) tests that measure sur
vival, growth, reproduction, or in some cases, bioconcentration. 

Most State standards include numerical criteria for a limited num
ber of individual toxic chemicals. Therefore, evaluation and con
trol of toxic pollutants is based on maintenance of the designated 
use and often relies on the narrative criterion prohibiting toxic 
substances in toxic amounts. The adverse effects of concern will 
depend on the designated use and the chemical. Bioaccumulation 
of chemicals in aquatic organisms, toxicity to these organisms, 
the potential for additivity, antagonism, synergism, and persis
tence of the chemicals may be important. Available information 
on the toxic effects of the chemical is used when standards do not 
include specific numerical criteria. Such information can include 
EPA criteria documents, published literature reports, or studies 
conducted by the discharger. 

As mentioned in Section 2.1 .2, water quality-based controls may 
be based directly on the State's technical determination of what 
concentration of a specific pollutant meets the State's narrative 
"free from" taxies criterion. Although EPA water quality standards 
regulation requires that the State's process for implementing its 
narrative criterion be described in the State standards, there is no 
requirement that this concentration be adopted as a numerical 
criterion in State water quality standards prior to use in develop
ing water quality-based controls and therefore a case-by-case 
interpretation of the narrative criterion may be necessary. 



2.3.3 Magnitude for Whole Efflullllt Toxicity 
Criteria for toxicity in current State standards range from the 
narrative prohibition (e.g., no discharge of toxic chemicals in 
toxic amounts) to detailed requirements that specify the test 
species and the allowable toxicity level. At present, there are no 
national criteria developed under CWA Section 304(a) for whole 
effluent toxicity. Acute and chronic toxicity units (TUs) are a 
mechanism for quantifying instream toxicity using the whole 
effluent approach. The procedure to implement the narrative 
criteria using a whole effluent approach should specify the testing 
procedure, the duration of the tests (acute or chronic), the test 
species, and the frequency of testing required. 

EPA's recommended magnitudes for whole effluent toxicity are as 
follows (again, two expressions of allowable magnitude are used): 
a CMC to protect against acute (short-term) effects and a CCC to 
protect against chronic (long-term) effects. For acute protec
tion, the CMC should be set at 0.3 acute toxic unit (TUa) to the 
most sensitive of at least three test species. 

The selection of test species for testing the effluent is not critical 
provided species from ecologically diverse taxa are used (e.g., a 
fish, an invertebrate, and a plant). The factor of 0.3 is used to 
adjust the typical LCso endpoint of an acute toxicity test (50 
percent mortality) to an LC 1 value (virtually no mortality). Spe
cifically, a factor of 0.3 was found to include 91 percent of 
observed LC1 to LCso ratios in 496 effluent toxicity tests as illus
trated in Figure 2-2. This figure presents effluent toxicity data 
from many years of toxicity testing of both industrial and munici
pal effluents by the Environmental Services Division, U.S. EPA 
Region IV, Athens, Georgia. 
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For chronic protection, the CCC should be set at 1.0 chronic 
toxic unit (TUc) to the most sensitive of at least three test 
species. The selection of test organisms is as described above. A 
1.0 TUc is applied at the edge of the mixing zone to prevent any 
chronic toxicity in the receiving water outside the mixing zone. 

2.3.4 Duration lot Single Chemicals and Whole Effluent Toxicity 
The quality of an ambient water typically varies in response to 
variations of effluent quality, stream flow, and other factors. Or
ganisms in the receiving water are not experiencing constant, 
steady exposure but rather are experiencing fluctuating exposures, 
including periods of high concentrations, which may have adverse 
effects. Thus, EPA's criteria indicate a time period over which 
exposure is to be averaged, as well as a maximum concentration, 
thereby limiting the duration of exposure to elevated concentra
tions. 

For acute criteria, EPA recommends an averaging period of 1 
hour. That is, to protect against acute effects, the 1-hour average 
exposure should not exceed the CMC. The 1-hour acute averag
ing period was derived primarily from data on response time for 
toxicity to ammonia, a fast-acting toxicant. The 1-hour averaging 
period is expected to be fully protective for the fastest-acting 
toxicants, and even more protective for slower-acting toxicants. 
Scientifically justifiable alternative (site-specific) averaging periods 
can be derived from (1) data relating toxic response to exposure 
time, if coupled with considerations of delayed mortality (mortality 
occurring after exposure has ended), or (2) models of toxicant 
uptake and action, such as presented by Erickson (5J and Mancini 
et al. (4]. 

In practice, 1 -day periods are the shortest periods for which WlA 
modelers and enforcement personnel have adequate data. Attain
ment of the duration criterion can be ensured by paying particular 
attention to short-term effluent variability and requiring measures 
to control variability (e.g., installation of equalization basins) when 
needed. 

For chronic criteria, EPA recommends an averaging period of 4 
days. That is, the 4-day average exposure should not exceed the 
CCC. Different chronic averaging periods could be derived, de
pending on the nature of the pollutant and the toxic endpoint of 
concern (e.g., the rate of uptake and accumulation, and the mode 
of action). 

The toxicity tests used to establish the national criteria are con
ducted using steady exposure to toxicants usually for at least 28 
days. The test concentrations do not fluctuate as much as typically 
occurs instream. As the period of averaging increases, so too does 
the period of time the exposure concentrations can be above the 
criterion concentration without exceeding the average. The sig
nificant consideration involved in setting duration criteria is how 
long the exposure concentration can be above the criterion con
centration without unacceptably affecting the endpoint of the test 
(e.g., survival, growth, or reproduction). EPA selected the 4-day 
averaging period based on the shortest duration in which chronic 
effects are sometimes observed for certain species and toxicants, 
and thus should be fully protective even for the fastest-acting 
toxicants. 



2.3.5 Frequency for Single Chemicals and Whole EffiUBIIt 
Toxicity 

To predict or ascertain the attainment of criteria it is necessary to 
specify the allowable frequency for exceeding the criteria. This is 
because it is statistically impossible to project that criteria will 
never be exceeded. As ecological communities are naturally 
subjected to a series of stresses, the allowable frequency of pollut
ant stress may be set at a value that does not significantly increase 
the frequency or severity of all stresses combined. 

EPA recommends a once in 3-year average frequency for 
excursions of both acute and chronic criteria. These recom
mendations apply to both chemical-specific and whole effluent 
approaches. However, the allowable frequency depends on site
specific factors. To implement alternative frequencies, site-spe
cific factors (see Appendix D) or other data or analyses should be 
taken into account. In all cases, the recommended frequency 
applies to actual ambient concentrations, and excludes the influ
ence of measurement imprecision. 

EPA established its recommended frequency as part of its Guidelines 
for Deriving Criteria, last issued in 1985 [8]. EPA selected the 3-
year return interval with the intent of providing a degree of 
protection roughly equivalent to a 7Q10 design flow condition, 
and with some consideration of rates of ecological recovery from 
a variety of severe stresses. Because of the nature of the ecological 
recovery studies available, the severity of criteria excursions could 
not be related rigorously to the resulting ecological impacts. 
Nevertheless, EPA derives its criteria intending that a single mar
ginal criteria excursion (i.e., a slight excursion over a 1-hour 
period for acute or over a 4-day period for chronic) would result in 
little or no ecological effect and require little or no time for 
recovery. If the frequency of marginal criteria excursions is not 
high, it can be shown that the frequency of severe stresses, 
requiring measurable recovery periods, would be extremely small. 
EPA thus expects the 3-year return interval to provide a very high 
degree of protection. 

Field studies indicate that many discharge situations are affected 
both by predictable and measurable discharges of toxicants and 
by unpredictable spills of toxic substances. In most cases, the 
dischargers were unaware that spills were occurring. These spills 
are a second source of stress for the community and decrease 
recovery potential. An aggressive program to minimize, contain, 
and treat spills should be in place at any plant where the potential 
for spills exists. 

The concentration, duration, and frequency prov1s1ons of the 
criteria are implemented through the development of WLAs and 
water quality-based effluent limits. As discussed in Chapter 4, the 
duration and frequency recommendations are implemented di
rectly if a dynamic modeling approach is used to develop WLAs 
and permit limits. However, if a steady-state approach is used, a 
design condition is needed for the calculations. 

For the protection of aquatic life, the duration and frequency 
recommendations provided above have been used to develop 
recommended design flows for steady-state modeling. Chapter 4 
discusses these recommended design flows. 

Traditionally, most water quality-based permits for point source 
discharges had been tied to the 7-day, once in 1 0-year, low-flow 

36 

conditions. The reason for this is that critical conditions for 
perennial point source discharges occur, in general, during the 
low-flow period. Currently, State laws and regulations generally 
state that water quality standards are applicable to the 7-day, 10-
year low-flow or higher flow conditions. 

It should be noted that EPA's water quality criteria for aquatic life 
protection are applicable at all flow conditions, low as well as 
high. These criteria and their specified duration and frequency, if 
adopted into or used to interpret State water quality standards, 
may be used as the basis for total maximum daily load (TMDL) 
after considering seasonal flow and loading scenarios. The con
centration, duration, and frequency provisions of EPA's water 
quality criteria can be modified to account for site-specific condi
tions. As States have started using the new two-number water 
quality criteria for perennial as well as intermittent discharges 
such as combined sewer overflows, urban runoff, etc., their proper 
use in the context of the TMDL/WlA process needs to be empha
sized. 

2.4 WATER QUALITY CRITERIA FOR HUMAN HEALTH 
PROTECTION 

2.4.1 Orerrlew 

There are a number of key elements of State water quality stan
dards and implementation procedures relevant to human health 
protection. States must determine ambient standards for the two 
primary human exposure routes, fish consumption and drinking 
water. States must then establish whether mixing zones will 
apply, and, if so, determine the design conditions. 

State standards or their implementation procedures often specify 
the risk level for carcinogens; methods for identifying compliance 
thresholds in permits where calculated limits are below detection; 
and methods for selecting appropriate hardness, pH, and tem
perature variables for criteria. However, if State standards do not 
specify these items, then the permitting authority must develop 
water quality-based effluent limits based upon either an interpre
tation of the State's water quality standards or EPA's criteria and 
procedures. 

The purpose of the following section is to provide a review of 
EPA's procedures used to develop assessments of human health 
effects in developing water quality criteria and reference ambient 
concentrations. A complete human health effects discussion is 
included in the (draft) Guidelines and Methodology Used in the 
Preparation of Health Effects Assessment Chapters of the Consent 
Decree Water Documents by EPA's Environmental Criteria and As
sessment Office (ECAO). The procedures contained in the ECAO 
document are used in the development and updating of EPA 
water quality criteria and may be used in developing reference 
ambient concentrations (RACs) for those pollutants lacking EPA 
human health criter·la. Although the same procedures are used to 
develop criteria and RACs, only those values that are subjected to 
the regulatory process of regional, State, and public comment 
can be considered "criteria." RACs may be applied as site-specific 
interpretations of narrative standards and as a basis for permit 
limits under 40 CFR 122.44 (d)(1 )(vi). 



Procedures also are provided in this chapter to develop values 
called reference tissue concentrations (RTCs) that can be used in 
assessing or monitoring fish tissues for unacceptable residues. 

2.4.2 Magnitude and Duration 
Water quality criteria for human health contain only a single 
expression of allowable magnitude; a criterion concentration gen
erally to protect against long-term (chronic) human health effects. 
Currently, national policy and prevailing opinion in the expert 
community dictate that the duration for human health criteria for 
carcinogens be derived assuming lifetime exposure, taken to be a 
70-year time period. The duration of exposure assumed in deriv
ing criteria for noncarcinogens is more complicated due to a wide 
variety of endpoints: some developmental (and thus age-specific 
and perhaps sex-specific), some lifetime, and some, such as or
ganoleptic effects, not duration-related at all. Thus, appropriate 
durations depend on the individual noncarcinogenic pollutants 
and the endpoints or adverse effects being considered. 

2.4.3 Human EXIJOSIIte Consldllratlons 
A complete human exposure evaluation for toxic pollutants of 
concern for bioaccumulation would not only encompass esti
mates of exposures due to fish consumption, but also exposure 
due to background concentrations and other exposure routes, 
including recreational and occupational contact, dietary intake 
from other than fish, inhalation of air, and drinking water. How
ever, the focus of this document is on ingestion of contaminated 
fish tissue, a direct human exposure route of potentially significant 
risk. (For the human health sections in this document the term 
"fish" generally is used to mean both fish and shellfish.) The 
consumption of contaminated fish tissue is of serious concern 
since the presence of even extremely low ambient concentrations 
of bioaccu-mulative pollutants (sublethal to aquatic life) in surface 
waters, can result in residue concentrations in fish tissue that can 
pose a human health risk. Other exposure route information 
should be considered and incorporated in human exposure evalu
ations to the extent it is available. 

levels of actual human exposures from consuming contaminated 
fish vary depending upon a number of case-specific consumption 
factors. These factors include type of fish species consumed, type 
of fish tissue consumed, tissue lipid content, consumption rate 
and pattern, and food preparation practices. In addition, de
pending on the spatial variability in the fishery area, the behavior 
of the fish species, and the point of application of the RAC or 
criterion, the average exposure of fish may be only a small fraction 
of the expected exposure at the point of application of the 
criterion. If an effluent attracts fish, the average exposure might 
be greater than the expected exposure. 

With shellfish, such as oysters, snails, and mussels, whole body 
tissue consumption commonly occurs, whereas with fish, muscle 
tissue and roe are most commonly eaten. This difference in the 
types of tissues consumed has implications for the amount of 
available bioaccumulative contaminants likely to be ingested. 
Whole body shellfish consumption presumably means ingestion 
of the entire burden of bioaccumulative contaminants. However, 
with most fish, selective cleaning and removal of internal organs, 
and sometimes body fat as well, from edible tissues, may result in 
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removal of much of the lipid material in which bioaccumulative 
contaminants tend to concentrate. 

2.4.4 Fish Consumption Values 
EPA's human health criteria have assumed a human body weight 
of 70 kg and the consumption of 0.0065 kg of fish and shellfish 
per day. Based on data collected in 1973-1974, the national per 
capita consumption of freshwater and estuarine fish was esti
mated to average 6.5 g/day. Per capita consumption of all 
seafood (including marine species) was estimated to average 14.3 
g/day. The 95th percentile for consumption of all seafood by 
individuals over a period of 1 month was estimated to be 42 
g/day [9]. The mean lipid content of fish tissue consumed in this 
study was estimated to be 3.0 percent [1 0]. 

Currently, four levels of fish consumption are provided in the EPA 
guidance manual, Assessing Human Health Risk from Chemically 
Contaminated Fish and Shellfish. These are: 

• 6.5 g/day to represent an estimate of average consump
tion of fish and shellfish from estuarine and freshwaters 
by the entire U.S. population [9]. This fish consumption 
level is based on the average of both consumers and 
nonconsumers of fish. 

• 20 g/day to represent an estimate of the average con
sumption of fish and shellfish from marine, estuarine, 
and freshwaters by the U.S. population [11 ). This average 
fish consumption level also includes both consumers and 
nonconsumers of fish. 

• 165 g/day to represent com.umption of fish and shellfish 
from marine, estuarine, and freshwaters by the 99.9th 
percentile of the U.S. population consuming the most fish 
or seafood [12]. 

• 180 g/day to represent a "reasonable worst case" based on 
the assumption that some individuals would consume fish 
at a rate equal to the combined consumption of red meat, 
poultry, fish, and shellfish in the United States (EPA Risk 
Assessment Council assumption based on data from the 
U.S. Department of Agriculture Nationwide Food Con
sumption Survey of 1977-1978). 

EPA currently is updating the national estuarine and freshwater 
fish and shellfish consumption default values and will provide a 
range of recommended national consumption values. This range 
will include mean values appropriate to the population at large, 
and values appropriate for those individuals who consume a 
relatively large proportion of fish in their diets (maximally exposed 
individuals). 

Many States use the EPA's 6.5 g/day consumption value. How
ever, some States (e.g., Wisconsin, louisiana, Illinois, and Arizona) 
use the above mentioned 20 g/day value. For salt waters Delaware 
uses another EPA value, 37 g/day [13]. In general, EPA recom
mends that the consumption values used in deriving RACs from 
the formulas in this chapter reflect the most current relevant and/ 
or site-specific information available. 



2.4.5 BlotH:CIIRII8tioll CDDsllllltatltJIIS ful llllftlteDce Amb#BIII 
Cont:lllltmltln Dtwe/opmBIIt 

The ratio of the contaminant concentrations in fish tissue versus 
water is termed either the bioconcentration factor (BCF) or the 
bioaccumulation factor (BAF). Bioconcentration is defined as 
involving contaminant uptake from water only (not from food). 
Bioaccumulation is defined as involving contaminant uptake from 
both water and food. Under laboratory conditions, measure
ments of tissue/water partitioning generally are considered to 
involve uptake from water only. On the other hand, both process 
are likely to apply in the field since the entire food chain is 
exposed. 

Table 2-1 shows the ratio of the BAF to the BCF as a function of 
the trophic level of the aquatic organism, and the log P (log 
octanol-water partition coefficient) of the chemical [14]. The 
BAF/BCF ratio ranges from 1 to 100, with the highest ratios 
applying to organisms in higher trophic levels, and to chemicals 
with log P close to 6.5. For chemicals with log P values greater 
than about 7, there is some uncertainty regarding the degree of 
bioaccumulation, but generally, trophic level effects appear to 
decrease due to slow transport kinetics of these chemicals in fish, 
the growth rate of the fish, and the chemical's relatively low 
bioavailability. 

Care must be taken in assigning the trophic level since certain fish 
species may inhabit one source area of contaminated food for 
only a portion of their life. Under such conditions of migration, 
fish would only receive a small portion of the chemical and never 
come into equilibrium. In addition, trophic level for a given fish 
species will vary with life stage and structure of the food chain. 

In this document, bioaccumulation considerations are integrated 
into the RAC equations in Sections 2.4.7 and 2.4.8 by using food 
chain multipliers (FMs) with the BCF. The bioaccumulation and 
bioconcentration factors for a chemical are related as follows: 

BAF = FM x BCF 

By incorporating the FM and BCF terms into the RAC equations, 
bioaccumulation is addressed. 

In this process, bioaccumulation considerations are included by 
incorporating the FM term with the BCF in calculating the RTCs 
and RACs. In Table 2-1, FM values derived from the work of 
Thomann [14, 15] are listed according to log P value and trophic 
level of the organism. Trophic level 4 organisms are typically 
the most desirable species for sport fishing and therefore, 
FMs for trophic level 4 generally should be used in the equa
tions for calculating RTCs and RACs. In those very rare situations 
where only lower trophic level organisms are found, e.g., possibly 
oyster beds, an FM for a lower trophic level may be used in 
calculating the RTCs and RACs. 

Measured BAFs (especially for those chemicals with log P values 
above 6.5) reported in the literature should be used when avail
able. To use experimentally measured BAFs in calculating the 
RAC or RTC, the (FM x BCF) term, is replaced by the BAF in the 
equations in Sections 2.4.7 and 2.4.8. Relatively fevv BAFs have 
been measured accurately and reported, and their application to 
sites other than the specific ecosystem where they were devel-
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Table 2-1. Estimated Food Chain Multipliers 

Trophic Levels 
------ ----- --------- ----- --- --- -- ----· --

Log P 2 3 4 
------------- ------- -- - -·------- ------------ ------ -- ------ -- ----

3.5 1.0 1.0 1.0 
3.6 1.0 1.0 1.0 
3.7 1.0 1.0 1.0 
3.8 1.0 1.0 1.0 
3.9 1.0 1.0 1.0 
4.0 1.1 1.0 1.0 
4.1 1.1 1.1 1.1 
4.2 1.1 1.1 1.1 
4.3 1.1 1.1 1.1 
4.4 1.2 1.1 1.1 
4.5 1.2 1.2 1.2 
4.6 1.2 1.3 1.3 
4.7 1.3 1.4 1.4 
4.8 1.4 1.5 1.6 
4.9 1.5 1.8 2.0 
5.0 1.6 2.1 2.6 
5.1 1.7 2.5 3.2 
5.2 1.9 3.0 4.3 
5.3 2.2 3.7 5.8 
5.4 2.4 4.6 8.0 
5.5 2.8 5.9 11 
5.6 3.3 7.5 16 
5.7 3.9 9.8 23 
5.8 4.6 13 33 
5.9 5.6 17 47 
6.0 6.8 21 67 
6.1 8.2 25 75 
6.2 10 29 84 
6.3 13 34 92 
6.4 15 39 98 
6.5 19 45 100 

?:6.5 19.2* 45* 100* 

* These recommended FMs are conservative estimates; FMs tor log P 
values greater than 6.5 may range from the values given to as low as 
0.1 for contaminants with very low bioavailabifity. 

oped is problematic and subject to uncertainty. The option also is 
available to develop BAFs experimentally, but this will be ex
tremely resource intensive if done on a site-specific basis with all 
the necessary experimental and quality controls. 

2.4.6 Updathlg 1111111811 Health Crltllrla 111111 SBnenltlng RACs 
UsiiJg IRIS 

EPA recommends using the most current risk information 
when updating criteria and generating RACs. The Integrated 
Risk Information System (IRIS) is an electronic online data base of 
the U.S. EPA that provides chemical-specific risk information on 
the relationship between chemical exposure and estimated hu
man health effects [ 16]. Risk assessment information contained in 
the IRIS, except as specifically noted, has been reviewed and 
agreed upon by an interdisciplinary group of scientists represent
ing various program offices within the Agency and represent an 
Agencywide consensus. Risk assessment information and values 
are updated monthly and are approved for Agencywide use. 



The IRIS is intended to make risk assessment information readily 
available to those individuals who must perform risk assessments 
and also to increase consistency among risk assessment/risk man
agement decisions. The IRIS is available to Federal and some State 
and local environmental agencies through the EPA's electronic 
MAIL system and also is available to the public through the Public 
Health Network and TOXNET. Since IRIS is designed to be a 
publicly available data base, interested parties may submit studies 
or documents for consideration by the appropriate interdiscipli
nary review group for chemicals currently on the IRIS or scheduled 
for review. Information regarding the submission of studies of 
chemicals may be obtained from the IRIS Information Submission 
Desk. In addition to chemical-specific summaries of hazard and 
dose-response assessments, the IRIS contains a series of sections 
identified by service codes that serve as a user's guide as well as 
provide background documentation on methodology. Addi
tional information is available from IRIS Users Support: 51 3/FTS 
684-7254. 

The IRIS contains two types of quantitative risks values: reference 
dose (RfD) and the carcinogenic potency estimate or stope factor. 
The RfD (formerly known as the acceptable daily intake or ADI) is 
the human health hazard assessment for noncarcinogenic (target 
organ) effects. The carcinogenic potency estimate (formerly known 
as q1 *) represents the upper bound cancer causing potential 
resulting from lifetime exposure to a substance. The RfD or the 
oral carcinogenic potency estimate are used in the derivation of 
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an RAC. Appendix H contains the supporting information for 
derivation of RfDs. 

EPA periodically updates risk assessment information including 
RfDs, cancer potency estimates, and related information on con
taminant effects, and reports the current information on IRIS. 
Since the IRIS contains the Agency's most recent quantitative risk 
assessment values, current IRIS values should be used in develop
ing new RACs. This means that the 1980 human health criteria 
should be updated with the latest IRIS values. The procedure 
for deriving an updated human health water quality criterion 
would require inserting the current RfD or carcinogenic potency 
estimate on the IRIS into the appropriate equation in Section 
2.4. 7 or 2.4.8. 

Figure 2-3 shows the procedure for determining an updated 
criterion or RAC using IRIS data. If a chemical has both carcino
genic and noncarcinogenic effects, i.e., both a cancer potency 
estimate and RfD, the carcinogen RAC formula in Section 
2.4.8 should be used as it will result in the more stringent RAC 
of the two. 

2.4. 7 calculating RACs for Noncarclnogens 
The RfD is an estimate of the daily exposure to the human 
population that is likely to be without appreciable risk of causing 

NO Evaluate other 
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etc. 
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Figure 2-3. Procedure for Revising an EPA Human Health Criterion or Developing a Reference Ambient Concentration 
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deleterious effects during a lifetime. The RfD is expressed in units 
of mg toxicant per kg human body W€ight per day. 

RfDs are derived from the "no observed adverse effect level" 
(NOAEL) or the "loW€st observed adverse effect level" (LOAEL) 
identified from chronic or subchronic human epidemiology stud
ies or animal exposure (mammal LD5o) studies. [Note: LOAEL 
and NOAEL refer to animal and human toxicology and are there 
fore distinct from the aquatic toxicity terms "no observed effect 
concentration" (NOEC) and the "lowest observed effect concen
tration" (LOEC)]. Uncertainty factors are then applied to the 
NOAEL or LOAEL to account for uncertainties in the data associ
ated with variability among individuals, extrapolation from non
human test species to humans, data on other than long-term 
exposures, and the use of an LOAEL [1 7]. An additional uncertainty 
may be applied to account for significant weakness or gaps in the 
data base. 

The RfD is a threshold below which effects are unlikely to occur. 
While exposures above the RfD increase the probability of adverse 
effects, they do not produce a certainty of adverse effects. Simi
larly, while exposure at or below the RfD reduces the probability, 
it does not guarantee the absence of effects in all persons. The 
RfDs contained in the IRIS are values that represent EPA's consen
sus (and have uncertainty spanning perhaps an order of magni
tude). 

For noncarcinogenic effects, an updated criterion or an RAC can 
be derived using the following equation: 

C or RAC (mg/1) (RfD X WD - (DT + IN) X WT 
WI + [K x L x fM x SG) 

where 
c 
RAC 
RfD 

WT 
DT 

IN 

WI 

FC 
L 

FM 
BCF 

updated water quality criterion (mg/1) 
reference ambient concentration (mg!l) 
reference dose (mg toxicant/kg human body weight/ 
day) 
weight of an average human adult (70 kg) 
dietary exposure (other than fish) 
(mg toxicant/kg body human weight/day) 
inhalation exposure 
(mg toxicant/kg body human weight/day) 
average human adult water intake 
(2 liters/day) 
daily fish consumption (kg fish/day) 
ratio of lipid fraction of fish tissue consumed to 
3 percent 
food chain multiplier (from Table 3-1) 
bioconcentration factor (mg toxicant/kg fish divided 
by mg toxicant/ I water) for fish with 3 percent lipid. 

If the receiving waterbody is not used as a drinking water source, 
the factor WI can be deleted. Where dietary and/or inhalation 
exposure values are unknown, these factors may be deleted from 
the above calculation. For identified noncarcinogenic chemicals 
without known !l.fDs, extrapolation procedures can be used to 
estimate the RfD (see Appendix H). 
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2.4.8 Calculating RACs for C.clnogens 
Any human health criterion for a carcinogen is based on at le~st 
three interrelated considerations: potency, exposure, and nsk 
characterization. States may make their own judgments on each 
of these factors within reasonable scientific bounds, but docu
mentation to support their judgments must be clear and in the 
public record. 

Maximum protection of human health from the potential effects 
of exposure to carcinogens via contaminated fish would require 
an RAC of zero. The zero level is based upon the assumption of 
nonthreshold effects (i.e., no safe level exists below which any 
increase in exposure does not result in an increase in the risk of 
cancer) for carcinogens. However, because safety does not re
quire the absence of all risk, a numerical estimate of risk (in !lg/1) 
that corresponds to a given level of risk for a population of a 
specified size is selected instead. A cancer risk level is defined as 
the number of new cancers that may result in a p'tulation of 
specified size due to an increa!>e in expo!>ure (e.g., Hr ri!>k level= 
1 additional cancer in a population of 1 ,000,000). Cancer risk is 
calculated by multiplying the experimentally derived cancer po
tency estimate by the concentration of the chemical in the fish 
and the average daily human consumption of contaminated fish. 
The risk for a specified population (e.g., 1,000,000 people or 1 o-6) 

is then calculated by dividing the risk level by the specific cancer 
risk. EPA's ambient water quality criteria documents provide risk 
levels ranging from 1 o-5 to 1 o-7 as examples. 

When the cancer potency estimate, or slope factor (formerly 
known as the ql*), is derived using animal studies, high-dose 
exposures are extrapolated to low-dose concentrations and ad
justed to a lifetime exposure period through the use of a linearized 
multistage model. The model calculates the upper 95 percent 
confidence limit of the slope of a straight line that the model 
postulates to occur at low doses. When based on human (epide
miological) data, the slope factor is based on the observed in
crease in cancer risk, and is not extrapolated. For deriving RACs 
for carcinogens, the oral cancer potency estimates or slope factors 
from the IRIS are used. 

It is important to note that cancer potency factors may overesti
mate actual risk. Such potency estimates are subject to great 
uncertainty due to two primary factors: (I) adequacy of the 
cancer data base (i.e., human versus animal data) and (2) hmited 
information regarding the mechanism of cancer causation. The 
actual risk may be much lower, perhaps as low as zero, particu
larly for those chemicals for which human carcinogenicity infor
mation is lacking. Risk levels of 1 o-5, 1 o-6, and 1 o-7 are often used 
by States as minimal risk levels in interpreting their standards. EPA 
comiders risks to be additive, i.e., the risk from individual chemi
cals is not necessarily the overall risk from exposure to water. For 
example, an individual risk level of 1 o-6 may yield a higher overall 
risk level if multiple carcinogenic chemicals are present. 

For carcinogenic effects, the RAC can be determined by using the 
following equation: 

C or RAC (mg/1) = (RL x WT) 

q1* [WI + FC x L x (FM x BCF)] 



where 
c 
RAC 
RL 
WT 
q1* 
WI 
FC 
L 

FM 
BCF 

updated water quality criterion (mg/1) 
reference ambient concentration (mg/1) 
risk level (1 o-x) 
weight of an average human adult (70 kg) 
carcinogenic potency factor (kg day/mg) 
average human adult water intake (2 liters/day) 
daily fish consumption (kg fish/day) 
ratio of lipid fraction of fish tissue consumed to 
3 percent 
food chain multiplier (from Table 3-2) 
bioconcentration factor (mg toxicant/kg fish divided 
by mg toxicant/! water) for fish with 3 percent lipid. 

If the receiving waterbody is not used as a drinking water source, 
the factor WI can be deleted. For identified carcinogenic chemi
cals without known cancer potency estimate values, extrapolation 
procedures can be used to estimate the cancer potency. 

2.4.9 Deriving Quantitative Rlslc Assessments in the Absence 
of IRIS Values 

The RfDs or cancer potency estimates comprise the existing dose 
factors for developing RACs. When IRIS data are unavailable, 
quantitative risk level information may be developed according to 
a State's own procedures. Some States have established their 
own procedures whereby dose factors can be developed based 
upon extrapolation of acute and/or chronic animal data to con
centrations of exposure protective of fish consumption by hu
mans. Where no procedure exists, factors may be based upon 
extrapolation from mammalian or other data using IRIS docu
mentation or information available from other EPA risk data bases. 
Also, where no other information or procedure exists, drinking 
water maximum contaminant levels (MCLs) or Food and Drug 
Administration (FDA) action levels may be used as guidance in 
developing numerical estimates. 

2.4.10 Deriving Reference Tissue Concentrations for Monitoring 
Fish Tissue 

Where fish tissue evaluations have been used for assessing human 
health risks, or, perhaps, used for additional routine monitoring 
where a chemical is below analytical detection limits, the follow
ing formulas may be used to calculate an RTC. Readers also 
should consult EPA's Assessing Human Health Risks from Chemically 
Contaminated Fish and Shellfish [ 1 7]. 

The basic equations for deriving RTC (in mg/kg) use the same 
parameters as in equations 2.1 and 2.2, where BCF is normalized 
at 3.0 percent lipid: 

For noncarcinogens: 
RTC (mg/kg) 

For carcinogens: 
RTC (mg/kg) = 

(RFD x WI) - (DT + IN) x WT 

[WI/(BCF x FM x L)] + FC 

RLxWT 

ql* [WI/(BCF x FM x L) + FC] 

The above equations should be corrected for site-specific lipid 
content and bioaccumulation factors where data are available. 
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Again, some States have established their own procedures whereby 
RTCs can be developed based upon extrapolation of acute and/or 
chronic animal data to safe concentrations protective of fish 
consumption by humans. Where additional risk information is 
needed, an RTC could be based upon other information such as 
drinking water MCLs or FDA action levels. 

2.5 BIOLOGICAL CRITERIA 

As discussed in Chapter 1, to fully protect aquatic habitats and 
provide more comprehensive assessments of aquatic life use at
tainment/nonattainment, States are to fully integrate chemical
specific techniques, toxicity testing, biological surveys, and 
biocriteria into their water quality programs. In particular, the 
Agency's policy is that States should develop and implement 
biological criteria in their water quality standards (see Chapter 1, 
Reference 55). 

2.5.1 Regulatory Bases for Blocrlterla 
The primary statutory basis for EPA's policy that States should 
develop biocriteria is found in Sections 101 (a) and 303(c)(2)(B) of 
the Water Quality Act of 1987. Section 101 (a) of the ONA gives 
the general authority for biological criteria. It establishes as the 
objective of the Act the restoration and maintenance of the 
chemical, physical, and biological integrity of the Nation's waters. 
To meet this objective, water quality criteria should address bio
logical integrity. Section 101 (a) includes the interim water quality 
goal for the protection and propagation of fish, shellfish, and 
wildlife. 

Section 304 of the Act provides the legal basis for the develop
ment of informational criteria, including biological criteria. Spe
cific directives for the development of regulatory biocriteria can 
be found in Section 303, which requires EPA to develop criteria 
based on biological assessment methods when numerical criteria 
are not established. 

Once biocriteria formally are adopted into State standards, 
biocriteria and aquatic life use designations serve as direct, legal 
endpoints for determining a quality life use attainment/ 
nonattainment. As stated in Section 131.1l(b)(2) of the Water 
Quality Standards Regulation (40 CFR Part 131 ), biocriteria should 
be used as a supplement to existing chemical-specific criteria and 
as criteria where such chemical-specific criteria have not been 
established. States are encouraged to implement and integrate 
all three approaches (biosurvey, chemical-specific, and toxicity 
testing methods) into their water quality programs, applying 
them in combination or independently (providing the most pro
tective of the three methods is used) as site-specific conditions 
and assessment objectives dictate. 

Section 304(a) directs EPA to develop and publish water quality 
criteria and information on methods for measuring water quality 
and establishing water quality criteria for toxic pollutants on bases 
other than pollutant-by-pollutant, including biological monitor
ing and assessment methods that assess: 

• The effects of pollutants on aquatic community compo
nents(" ... plankton, fish, shellfish, wildlife, plant life ... ") 



and community attributes (" ... biological community 
diversity, productivity, and stability ... "); in any body of 
water. 

• Factors necessary " ... to restore and maintain the chemi
cal, physical, and biological integrity of all navigable waters 
... " for " ... the protection of shellfish, fish, and wildlife for 
classes and categories of receiving waters .... " 

2.5.2 IJereiDpmtmt antllmplllt1ltlllt6t1DII of Blocrltlll'l8 
Biocriteria are numerical values or narrative expressions that de
scribe the reference biological integrity of aquatic communities 
inhabiting unimpaired waters of a designated aquatic life use. 
The biological communities in these waters represent the best 
attainable conditions. The reference site conditions then become 
the basis for developing biocriteria for major surface water types 
(streams, rivers, lakes, wetlands, estuaries, or marine waters). 

Biological criteria support designated aquatic life use classifica
tions for application in State standards. Each State develops its 
own designated use classification system based on the generic 
uses cited in the Act (e.g., protection and propagation of fish, 
shellfish, and wildlife). Designated uses are intentionally general. 
However, States may develop subcategories within use designa
tions to refine and clarify the use class. Clarification of the use 
class is particularly helpful when a variety of surface waters with 
distinct characteristics fit within the same use class, or do not fit 
well into any category. 

For example, subcategories of aquatic life uses may be on the 
basis of attainable habitat (e.g., cold versus warmwater communi
ties dominates by bass versus catfish). Special uses also may be 
designated to protect particularly unique, sensitive, or valuable 
aquatic species, communities, or habitats. 

Resident biota integrate multiple impacts over time and can 
detect impairment from known and unknown causes. Biocriteria 
can be used to verify improvement in water quality in response to 
regulatory efforts and detect continuing degradation of waters. 
They provide a framework for developing improved best manage
ment practices for nonpoint source impacts. Numeric criteria can 
provide effective monitoring criteria for inclusion in permits. 

The assessment of the biological integrity should include mea
sures of the structure and function of an aquatic community of 
species within a specified habitat. Expert knowledge of the 
system is required for the selection of appropriate biological 
components and measurement indices. The development and 
implementation of biological criteria requires: 

• Selecting unimpaired (minimal impact) surface waters to 
use as the reference condition for each designated use 

• Measuring the structure and function of aquatic communi
ties in reference surface waters to establish biological crite
ria 

• Establishing a protocol to compare the biological criteria to 
biota in impacted waters to determine whether impairment 
has occurred. 
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These elements serve as an interactive network that is particularly 
important during early development of biological criteria where 
rapid accumulation of information is effective for refining both 
designated uses and developing biological criteria values. 

2.6 SEDIMENT CRITERIA 

2.6. 1 Current /Jereltlplllmlts In Ssdlment Criteria 
While ambient water quality criteria are playing an important role 
in assuring a healthy aquatic environment, they alone have not 
been sufficient to ensure appropriate levels of environmental 
protection. Sediment contamination, which can involve deposi
tion of toxicants over long periods of time, is responsible for water 
quality impacts in some areas. 

EPA has authority to pursue the development of sediment criteria 
in streams, lakes, and other waters of the United States under 
CWA Sections 1 04 and 304(a)(l) and (2) as follows: 

• Section 1 04(n}(1) authorizes the Administrator to establish 
national programs that study the effects of pollution, in
cluding sedimentation, in estuaries on aquatic life. 

• Section 304(a)(1) directs the Administrator to develop and 
publish criteria for water quality, including information on 
the factors affecting rates of organic and inorganic sedi
mentation for varying types of receiving waters. 

• Section 304(a)(2) directs the Administrator to develop and 
publish information on, among other things, "the factors 
necessary for the protection and propagation of shellfish, 
fish, and wildlife for classes and categories of receiving 
waters ... " 

To the extent that sediment criteria could be developed that 
address the concerns of the Section 404(b)(l) guidelines for 
discharges of dredged or fill material under the CWA or the 
Marine Protection Research, and Sanctuaries Act, they also could 
be incorporated into those regulations. 

2.6.2 Approach to Selllment Criteria lleveiDpment 
Over the past several years, sediment criteria development activi
ties have centered on evaluating and developing the equilibrium 
partitioning approach for generating sediment criteria. The equi
librium partitioning approach focuses on predicting the chemical 
interaction between sediments and contaminants. Developing 
an understanding of the principal factors that influence the sedi
ment/contaminant interactions will allow for predictions to be 
made as to what concentration of a contaminant benthic and 
other organisms may be exposed to. Chronic water quality 
criteria, or possibly other toxicological endpoints can then be 
used to predict potential biological effects. In addition to the 
development of sediment criteria, EPA also is working to develop 
a standardized sediment toxicity test that could be used with or 
independently of sediment criteria and could be used to assess 
chronic effects in freshwater and marine water. 



Equilibrium partitioning {EqP) sediment quality criteria {SQC) 
are the EPA's best recommendation of the concentration of a 
substance in sediment that will not unacceptably affect benthic 
organisms or their uses. 

Methodologies for deriving effects based SQC vary for different 
classes of compounds. For non-ionic organic chemicals the meth
odology requires normalization to organic carbon. A methodol
ogy for deriving effects based sediment criteria for metal con
taminants is under development and is expected to require nor
malization to acid volatile sulfide. EqP SQC values can be derived 
for varying degrees of uncertainty and levels of protection thus 
permitting use for ecosystem protection and remedial programs. 

2.6.3 Application of Sediment Criteria 

SQC would provide a basis for making more informed decisions 
on the environmental impacts of contaminated sediments. Exist
ing sediment assessment methodologies are limited in their ability 
to identify chemicals of concern, responsible parties, degree of 
contamination, and zones of impact. EPA believes that a compre
hensive approach using SQC and biological test methods is pre
ferred in order to make the most informed decisions. 

Sediment criteria will be particularly valuable in site monitoring 
applications where sediment contaminant concentrations are 
gradually approaching a criteria over time. Sediment criteria also 
are valuable as a preventative tool to ensure that point and 
nonpoint sources of contamination are controlled to ensure 
uncontaminated sediments remain uncontaminated. Also, com
parison of field measurements to sediment criteria will be a reli
able method for providing early warning of a potential problem. 
An early warning would provide an opportunity to take corrective 
action before adverse impacts occur. For the reasons mentioned 
above it has been identified that SQC are essential to resolving key 
contaminated sediment and source control issues in the Great 
Lakes. 

Specific Applications 
Specific applications of sediment criteria are under development. 
The primary use of EqP-based sediment criteria will be to assess 
risks associated with contaminants in sediments. The various 
offices and programs concerned with contaminated sediment 
have different regulatory mandates and thus, have different needs 
and areas for potential application of sediment criteria. Because 
each regulatory need is different, EqP-based sediment quality 
criteria designed specifically to meet the needs of one office or 
program may have to be implemented in different ways to meet 
the needs of another office or program. 

One mode of application of EqP-based numerical SQC would be 
in a tiered approach. In such an application, when contaminants 
in sediments exceed the SQC, the sediments would be considered 
as causing unacceptable impacts. Further testing may or may not 
be required depending on site-specific conditions and the degree 
in which a criteria has been violated. (No additional testing 
would be required in locations where contamination significantly 
exceeds a criterion. Where sediment contaminant levels are close 
to a criteria, additional testing may be necessary.) Contaminants 
in a sediment at concentrations less than the sediment criteria 
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would not be of concern. However, in some cases the sediment 
could not be considered safe because they may contain other 
contaminants above safe levels for which no sediment criteria 
exist. In addition, the synergistic, antagonistic, or additive effects 
of several contaminants in the sediments may be of concern. 

Additional testing in other tiers of an evaluation approach, such as 
bioassays, could be required to determine if the sediment is safe. 
It is likely that such testing would incorporate site-specific consid
erations. Examples of specific applications of sediment criteria 
after they are developed are as follows: 

• Establish permit limits to ensure that uncontaminated sedi
ments remain uncontaminated or sediments already con
taminated have an opportunity to cleanse themselves. This 
would occur only after criteria and the means to tie point 
sources to sediment deposition are developed. 

• Establish target levels for nonpoint source causes of sedi
ment contamination. 

• For remediation activities, SQC would be valuable in identi
fying: 

- Remediation need 

- Spatial extent of remediation area 

- Benefits derived from remediation activities 

- Responsible parties 

- Impacts of depositing contaminated sediments in 
water environments 

- Success of remediation activities. 

• In tiered testing sediment evaluation processes, sediment 
criteria and biological testing procedures work very well 
together. 

2.6.4 Sediment Criteria Status 

Science Advisory Board Review 

The Science Advisory Board has completed its review and issued a 
favorable report on the EqP for assessing sediment quality. The 
Subcommittee found the EqP "to have major strengths in its 
foundation in chemical theory, its ease of calculation, and its 
ability to make use of existing data ... The conceptual basis of the 
approach is supported by the Subcommittee; however, its appli
cation at this time is limited." 

The Science Advisory Board also identified the need for "a better 
understanding of the uncertainty around the assumptions inher
ent in the approach, including assumptions of equilibrium, 
bioavailability, and kinetics, all critical to the application of the 
EqP." An uncertainty analysis and a guidance document to assist 
in the regulatory application of developed criteria are under de
velopment and expected to be completed in 1991. 



SedlmfHrt Criteria Doc"""nts lllltl Application SuldallctJ 
EPA efforts at producing sediment criteria documents are being 
directed first toward phenanthrene, fluoranthene, DDT, dieldrin, 
acenaphthene and endrin. Efforts also are being directed to 
produce a guidance document, Application of Sediment Quality 
Criteria for the Protection of Aquatic Life, scheduled tor release in 
1991. 
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Metbodolof1 for Dertloplng S.dlment Criteria for Mfltal 
Colltamlnants 
EPA is proceeding with a methodology tor developing sediment 
criteria for metal contaminants, with key work focused on identi
fying and understanding the role of acid volatile sulfides (AVS) in 
controlling the bioavailability of metal contaminants. A variety of 
field and laboratory verification studies are underway to add 
additional support to the methodology. Standard AVS sampling 
and analytical procedures are under development [18]. Presenta
tion of the metals methodology to the Science Advisory Board for 
review is scheduled for 1991. 
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3. EFFLUENT CHARACTERIZATION 

3.1 INTRODUCTION 

Once the applicable designated uses and water quality criteria for 
a waterbody are determined, the effluent must be characterized 
and the permitting authority must determine the need for permit 
limits to control the discharge. The purpose of effluent character
ization is to determine whether the discharge causes, has the 
reasonable potential to cause, or contributes to an excursion of 
numeric or narrative water quality criteria. Once the permitting 
authority determines that a discharge causes, has the reason
able potential to cause, or contributes to the excursion of 
water quality criteria, the permitting authority must develop 
permit limits that will control the discharge. At a minimum, the 
permitting authority must make this determination at each permit 
reissuance. The effluent characterization procedures described in 
the following sections apply only to the water quality-based ap
proach, not to end-of-the-pipe technology-based controls. 

Although many waterbodies receive discharges from only single 
point sources, permitting authorities will also occasionally encoun
ter receiving waters where several dischargers are in close proxim
ity. In such situations, the permitting authority may find that each 
discharger alone does not cause, have the reasonable potential to 
cause, or contribute to an excursion above water quality criteria. 
Yet, the dischargers may collectively cause, have the reasonable 
potential to cause, or contribute to an excursion. Under these 
circumstances, limits must be developed for each discharger 
to protect against collective excursions of applicable water 
quality standards consistent with the Environmental Protec
tion Agency's (EPA) existing regulations in 40 CfR 
122.44(d){1)(ii) for controlling multiple discharges. The terms 
"cause," "reasonable potential to cause," and "contribute to" are 
the terms used in the National Pollutant Discharge Elimination 
System (NPDES) regulations for conditions under which water 
quality-based limits are required. Permitting authorities are re
quired to consider each of these concepts when performing efflu
ent characterizations. 

This chapter is divided into two parts: Section 3.2, Determining 
the Need for Permit Limits Without Effluent Data, and Section 3.3, 
Determining the Need for Permit limits With Effluent Data. Sec
tion 3.3 includes effluent characterization for whole effluent toxic
ity and for specific chemicals (including those for human health 
protection) and is based on the cumulative experience gained by 
EPA, States, publicly owned treatment works (POTWs), and indus
try when implementing the water quality-based approach to toxics 
control. The effluent bioconcentration evaluation procedures de
scribed in the section on human health are currently draft and are 
subject to further validation before being used. Until the proce
dures are fully developed, reviewed, and finalized, permitting 
authorities should not use them to characterize effluents. 
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3. 1.1 III'DES RegulatiDIIIIBqllll'fiiDBIIts 
Effluent characterization is an essential step in determining the 
need for an NPDES permit limit. NPDES regulations under 40 
CFR 122.44(d)(l) specify the minimum requirements and gen
eral types of analyses necessary for establishing permit limits. 
Each of these regulations is described below. 

40 CfR 122.44(d)(1)(ii) 

When determining whether a discharge causes, has the 
reasonable potential to cause, or contributes to an in
stream excursion above a narrative or numeric criteria 
within a State water quality standard, the permitting 
authority shall use procedures which account for exist
ing controls on point and nonpoint sources of pollu
tion, the variability of the pollutant or pollutant param
eter in the effluent, the sensitivity of the species to 
toxicity testing (when evaluating whole effluent toxicity), 
and where appropriate, the dilution of the effluent in 
the receiving water. 

This regulation requires at a minimum the consideration of each 
of these elements in determining the need for a limit. 

40 CfR 122.44(d)(1)(iii) 

When the permitting authority determines, using the 
procedures in paragraph (d)(l )(ii) of this section, that a 
discharge causes, has the reasonable potential to cause, 
or contributes to an in-stream excursion above the 
allowable ambient concentration of a State numeric 
criteria within a State water quality standard for an 
individual pollutant, the permit must contain effluent 
limits for that pollutant. 

Under this regulation, permitting authorities need to investigate 
for the existence of pollutants in effluents if there is a numeric 
water quality criterion for that pollutant and to implement limits 
for those pollutants where necessary. 

40 CfR 122.44(d)(1)(iv) 

When the permitting authority determines, using the 
procedures in paragraph (d)(l )(ii) of this section, that a 
discharge causes, has the reasonable potential to cause, 
or contributes to an in-stream excursion above the 
numeric criterion for whole effluent toxicity, the permit 
must contain effluent limits for whole effluent toxicity. 

Under this regulation, permitting authorities need to investigate 
for the existence of whole effluent toxicity in effluents if there is a 
numeric water quality criterion for that parameter and to imple
ment whole effluent toxicity limits where necessary. 



40 CFR 122.44(d)(l)(v) 

Except as provided in this subparagraph, when the 
permitting authority determines, using the procedures 
in paragraph (d)(l )(ii) of this section, toxicity testing 
data, or other information, that a discharge causes, has 
the reasonable potential to cause, or contributes to an 
in-stream excursion above a narrative criterion within 
an applicable State water quality standard, the permit 
must contain effluent limits for whole effluent toxicity. 
Limits on whole effluent toxicity are not necessary where 
the permitting authority demonstrates in the fact sheet 
or statement of basis of the NPDES permit, using the 
procedures in paragraph (d)(l )(ii) of this section, that 
chemical-specific limits for the effluent are sufficient to 
attain and maintain applicable numeric and narrative 
State water quality standards. 

Under this regulation, permitting authorities need to investigate 
for the existence of whole effluent toxicity in effluents. If the 
permitting authority can demonstrate that control of specific 
chemicals is sufficient to control toxicity to the point of achieving 
compliance with the water quality criteria, then chemical-specific 
permit limits alone will be sufficient to comply with the regula
tion. 

40 CFR 122.44(d)(l)(vi) 

Where a State has not established a water quality crite
rion for a specific chemical pollutant that is present in 
an effluent at a concentration that causes, has the 
reasonable potential to cause, or contributes to an ex
cursion above a narrative criterion within an applicable 
State water quality standard, the permitting authority 
must establish effluent limits using one or more of the 
following [three] options: .... 

Under this regulation, permitting authorities need to investigate 
for the existence of specific chemicals in effluents for which the 
State has not adopted numeric criteria, but which may be con
tributing to aquatic toxicity or impairment of human health. 
Narrative criteria apply when numeric criteria do not protect all 
the designated or existing uses. For example, the narrative 
criteria need to be used to protect human health if a State has 
only adopted a numeric criteria for protecting aquatic life. Con
versely, the narrative criteria need to be used to protect aquatic 
life if a State has only adopted a numeric criteria for protecting 
human health. Once the permitting authority determines that 
one or more specific chemicals in an effluent must be controlled, 
the authorities can use EPA's national criteria, develop their own 
criteria, or control the pollutant through use of an indicator 
pollutant, as provided in subparagraph (d)(l )(vi). In any case, 
the permitting authority will need to characterize the effluent in a 
manner consistent with the selected approach for controlling the 
pollutant. 

3.1.2 Background for Toxic Effects Assessments on Aquatic 
Life and Human Health 

Aquatic toxicity effects can be characterized by conducting a 
general assessment of the effluent, or by measuring effluent 
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toxicity or concentrations of individual chemicals and comparing 
these measurements to the expected exposure concentrations in 
the receiving water. The "receiving water concentration" (RWC) 
is the measured or projected exposure concentration of a toxicant 
or the parameter toxicity (when dealing with the whole effluent 
toxicity) in the receiving water after mixing. The RWC is calcu
lated at the edge of a mixing zone if such a zone is allowed by a 
State's water quality standards. 

As with aquatic life protection, there are two possible approaches 
to characterizing effluents for human health effects: chemical-by
chemical and whole effluent. However, only the chemical-by
chemical approach currently is practical for assessing and control
ling human health impacts. Appendix G discusses developing 
procedures for assessing human health impacts from whole efflu
ents. 

A fundamental principle in the development of water quality
based controls is that the RWC must be less than the criteria that 
comprise or characterize the water quality standards. With indi
vidual toxicants (or the parameter toxicity), the potential for 
toxicity in the receiving water is minimized where the RWC is less 
than the criterion continuous concentration (CCC), the criterion 
maximum concentration (CMC), and the reference ambient con
centration (RAC). Toxicity becomes maximized where the RWC 
exceeds these criteria. Therefore, to prevent impacts to aquatic 
life or human health, the RWC of the parameter effluent 
toxicity or an individual toxicant (based on allowable dilution 
for the criterion) must be less than the most limiting of the 
applicable criterion, as indicated below. (The RAC as used 
throughout this chapter incorporates EPA human health criteria 
and State standards as well.) 

RWC <CCC (chronic aquatic life) 
RWC < CMC (acute aquatic life) 
RWC < RAC (human health) 

The water quality analyst will use the same basic components in 
the above-described relationship (i.e., critical receiving waterflows, 
ambient criteria values, measures of effluent quality) for both 
effluent characterization and wasteload allocation (WLA) develop
ment, albeit from different perspectives. In the case of effluent 
characterization, the objective is to project receiving water con
centrations based upon existing effluent quality to determine 
whether or not an excursion above ambient criteria occurs, or has 
the reasonable potential to occur. In developing WLAs, on the 
other hand, the objective is to fix the RWC at the desired criteria 
level and determine an allowable effluent loading that will not 
cause excursions above the criteria. 

Recommendations for projecting the RWC are described within 
this chapter. Chapter 4, Exposure Assessment and Wasteload 
Allocation, provides recommendations for determining allowable 
effluent loadings to achieve established ambient criteria and tor 
calculating WLAs for establishing permit limits. The procedures 
described within Chapter 4 can also be used to calculate the 
dilution for analyses within Chapter 3. Chapter 5, Permit Require
ments, describes the actual calculation of permit limits after efflu
ent characterization and loadings, as well as WLAs, are complete. 



3.1.3 General Considerations In Effluent Characterization 
There are two possible ways to characterize an effluent to deter
mine the need for effluent limits for the protection of aquatic life 
and human health. First, an assessment may be made without 
generating effluent data; second, an assessment may be con
duc~e? after effluent data have been generated. Regulatory au
thontles must determine whether a discharge causes, has the 
"reasonable potential" to cause, or contributes to an excursion 
above an applicable narrative or numeric water quality criterion. 
An analysis of "reasonable potential" determines an effluent's 
capability to cause such excursions. 

In determining the need for a permit limit for whole effluent 
toxicity or for an individual toxicant, the regulatory authority is 
required to consider, at a minimum, existing controls on point and 
nonpoint sources of pollution, the variability of the pollutant or 
pollutant parameter in the effluent, the sensitivity of the involved 
species to toxicity testing (for whole effluent), and, where appro
priate, the dilution of the effluent in the receiving water ( 40 CFR 
122.44(d)(ii)). 

The regulatory authority is also required by NPDES regulations to 
consider whether technology-based limits are sufficient to main
tain State water quality standards. There are two possibilities that 
will need to be assessed. First, if the limits based on appropriate 
treatment technology have already been specified in a previous 
permit, and if the facility is operating at the required level, then 
historical effluent and receiving water information can be used. 
Second, if the facility has yet to achieve the required technology 
performance (best available technology or best conventional tech-

nology), the regulatory authority will need to assess the technol
ogy-based limit for reasonable potential for causing or contribut
ing to an excursion above the water quality standard. 

In addition, the regulatory authority should consider all other 
available data and information pertaining to the discharger to 
assist in making an informed judgment. Where both effluent 
testing. dat~ and important other factors exist, the regulatory 
authonty Will need to exercise discretion in the determination of 
the need for a limit. The authority should employ the prin
ciple of "independent application" of the data and informa
tion that characterizes the effluent. In other words, effluent 
data alone, showing toxicity at the RWC, may be adequate to 
demonstrate the need for a limit for toxicity or for individual 
toxicants. Likewise, other factors may form an adequate basis for 
determining that limits are necessary. For example, where avail
able dilution is low and monitoring information shows that toxic 
pollutants are frequently discharged at concentrations that have 
ca.us.ed toxicit~ when discharged from similar facilities, the per
mitting authonty may reason that a whole effluent toxicity limit is 
necessary even without whole effluent toxicity data from the 
specific facility. In all cases, the decision must be based upon 
consideration of factors cited in 40 CFR 122.44(d)(l )(ii). The 
regulatory authority will need to prioritize, on a case-by-case 
basis, the importance of all data and information used in making 
a determination. To assist in case-by-case determinations, rec
ommended guidelines for characterizing an effluent for the need 
for a permit limit for whole effluent toxicity or individual toxi
cants are discussed below al')d summarized in Boxes 3-1 through 
3-3. 

Box 3-1. Determining "Reasonable Po~ential" for. Excursions Above Ambient Criteria Using 
Factors Other than FacJfity-speclflc Effluent Monitoring Data 

When determining the "reason~ble potential" of a discharge to cause an excursion above a State water quality 
standard; the reg~latory ~uthonty must consider all the factors listed in 40 CFR 122.44(d)(l )(ii). Examples of the 
types of mformat1on relat1ng to these factors are listed below. 

Existing controls on point and non point sources of pollution 

• Industry type: Primary, secondary, raw materials used, products produced, best management practices 
control equipment, treatment efficiency, etc. ' 

• Publicly own~~ tre.atment ':'or~ type: Pretreatment, industrial loadings, number of taps, unit processes, 
treatment eff1oenoes, chlonnat1on/ammonia problems, etc. 

Variability of the pollutant or pollutant parameter in the effluent 

• Compliance history 

• Existing chemical data from discharge monitoring reports and applications. 

Sensitivity of the species to toxicity testing 

• Adopted State water quality criteria, or EPA criteria 

• Any available in-stream survey data applied under independent application of water quality standards 

• Receiving water type and designated/existing uses 

Dilution of the effluent in the receiving water 

• Dilution calculations 
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3.2 DETERMINING THE NEED FOR PERMIT UMITS 
WITHOUT EFFWENT MONITORING DATA FOR A 
SPECIFIC FACIUTY 

If the regulatory authority so chooses, or if the circumstances 
dictate, the authority may decide to develop and impose a 
permit limit for whole effluent toxicity or for individual toxicants 
without facility-specific effluent monitoring data, or prior to the 
generation of effluent data. Water quality-based permit limits 
can be set for a single toxicant or for whole effluent toxicity based 
on the available dilution and the water quality criterion or the 
State standard in the absence of facility specific effluent monitor
ing data. However, in doing so, the regulatory authority must 
satisfy all the requirements of 40 CFR 122.44(d)(1 )(ii). 

When determining whether or not a discharge causes, has the 
reasonable potential to cause, or contributes to an excursion of a 
numeric or narrative water quality criterion for individual toxi
cants or for toxicity, the regulatory authority can use a variety of 
factors and information where facility-specific effluent monitor
ing data are unavailable. These factors also should be considered 
with available effluent monitoring data. Some of these factors are 
the following: 

• Dilution-Toxic impact is directly related to available dilu
tion for the effluent. Dilution is related to the receiving 
stream flow and the size of the discharge. The lower the 
available dilution, the higher the potential for toxic effect. 
If an effluent's concentration at the edge of a mixing zone 
in a receiving water is expected to reach 1 percent or 
higher during critical or worst-case design periods, then 
such an effluent may require a toxicity limit (see discussion 
in Section 3.3.3). Assessment of the amount of stream 
dilution available should be made at the conditions re
quired by the water quality standards or, if not specified in 
the standards, at the harmonic mean flow and the 7Q1 0 
flow. Figure 3-3 (Pg. 57) shows that, whereas a majority of 
NPDES permittees nationwide discharge to areas during 
annual mean flow ranging in dilution from 1 00 to 1 ,000, 
the majority of dischargers fall into the 1 to 1 0 dilution 
range during low-flow conditions. 

• Type of industry-Although dischargers should be indi
vidually characterized because toxicity problems are site
specific, the primary industrial categories should be of 
principal toxicity concern. EPA's treatment technology 
data base generally suggests that secondary industrial cat
~gories_ may have less potential for toxicity than primary 
~ndustr~es. However, based on experience, it is virtually 
tmposstble to generalize the toxicity of effluents with any 
certainty. If two plants produce the same type of product, 
one effluent may be toxic while the other may not be toxic 
due to the type and efficiency of the treatment applied, 
general materials handling practices, and the functional 
target of the compound(s) being produced. 

• Type of POTW-POTWs with loadings from indirect dis
chargers (particularly primary industries) may be candi
dates for toxicity limits. However, absence of industrial 
inpu~ does not guarantee an absence of POTW discharge 
toxtoty problems. For example, commercial pesticide ap-
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plicators often discharge to POTWs, resulting in pesticide 
concen_t~ations in the POTW's effluent. Household disposal 
of pesttodes, detergents, or other toxics may have a similar 
effect. The types of industrial users, their product lines, their 
raw materials, their potential and actual discharges, and 
their control equipment should be evaluated. POTWs should 
also be characterized for the possibility of chlorine and 
ammonia problems. 

• Existing data on toxic pollutants-Discharge monitoring 
reports (DMRs) and data from NPDES permit application 
forms 2C and 2A may provide some indication of the pres
ence of toxicants. The presence or absence of the 1 26 
"priority pollutants" may or may not be an indication of the 
presence or absence of toxicity. There are thousands of 
"nonpriority" toxicants that may cause effluent toxicity. 
Also, combinations of several toxicants can produce ambi
ent toxicity where the individual toxicants would not. EPA 
regulations at 40 CFR 122.21 (j) require POTWs with design 
flows equal to or greater than 1 MGD and POTWs with 
approved pretreatment programs, or POTWs required to 
develop a pretreatment program, to submit the results of 
whole effluent toxicity tests with their permit applications. 
These regulations also provide discretion to the permitting 
authority to request such data from other POTWs at the 
time of permit application. 

• History of compliance problems and toxic impact-Regu
latory authorities may consider particular dischargers that 
have had difficulty complying with limits on toxicants or 
that have a history of known toxicity impacts as probable 
priority candidates for effluent toxicity limits. 

• Type ~f. receiving water and designated use-Regulatory 
aut~onttes ma~ compile data on water quality. Examples of 
avatlable data mclude fish advisories or bans, reports of fish 
kills, State lists of priority waterbodies, and State lists of 
waters that are not meeting water quality standards. Regu
latory authorities should use this information as a means of 
identifying point sources that discharge to impaired 
waterbodies and that thus may be contributing to this 
impairment. One source of this information is the lists of 
waters generated by states to comply with Section 304(1) 
regulations at 40 CFR 130.1 O(d)(6); 50 FR 23897-98, june 2 
1989: ' 

1) Waters where fishing or shellfish bans and/or 
advisories are currently in effect or are antici
pated; 

2) Waters where there have been repeated fish 
kills or where abnormalities (cancers, lesions, 
tumors, etc.) have been observed in tish or 
other aquatic life during the last ten years; 

3) Waters where there are restrictions on water 
sports or recreational contact; 

4) Waters identified by the state in its most re
cent state section 305(b) report as either "par
tially achieving" or "not achieving" designated 
uses; 



5) Waters identified by the states under section 
303(d) of the Clean Water Act as waters need
ing water quality-based controls; 

6) Waters identified by the state as priority water 
bodies; 

7) Waters where ambient data indicate potential 
or actual excursions of water quality criteria 
due to toxic pollutants from an industry classi
fied as a primary industry in Appendix A of 40 
CFR Part 122; 

8) Waters for which effluent toxicity test results 
indicate possible or actual excursions of state 
water quality standards, including narrative 
"free from" water quality criteria or EPA water 
quality criteria where state criteria are not avail
able; 

9) Waters with primary industrial major discharg
ers where dilution analyses indicate 
exceedances of state narrative or numeric wa
ter quality criteria (or EPA water quality criteria 
where state standards are not available) fortoxic 
pollutants, ammonia, or chlorine; 

1 0) Waters with POlW dischargers requiring local 
pretreatment programs where dilution analy
ses indicate exceedances of state water quality 
criteria (or EPA water quality criteria where 
state water quality criteria are not available) 
for toxic pollutants, ammonia, or chlorine; 

11) Waters with facilities not included in the previ
ous two categories such as major POlWs, and 
industrial minor dischargers where dilution 
analyses indicate exceedances of numeric or 
narrative state water quality criteria (or EPA 
water quality criteria where state water quality 
criteria are not available) for toxic pollutants, 
ammonia, or chlorine; 

12) Water classified for uses that will not support 
the "fishable/swimmable" goals of the Clean 
Water Act; 

1 3) Waters where ambient toxicity or adverse wa
ter quality conditions have been reported by 
local, state, EPA or other Federal Agencies, the 
private sector, public interest groups, or uni
versities; 

14) Waters identified by the state as impaired in its 
most recent Clean Lake Assessments conducted 
under 314 of the Clean Water Act; and 

15) Surface waters impaired by pollutants from 
hazardous waste sites on the National Priority 
List prepared under section 1 05(8)(A) of 
CERCLA. 

16) Waters judged to be impaired as a result of a 
bioassessment/biosurvey. 
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The presence of a combination of these factors, such as low 
available dilution, high-quality receiving water, poor compli
ance record, and clustered industrial and municipal discharges, 
could constitute a high priority for effluent limits. 

Regardless, the regulatory authority, if it chooses to impose an 
effluent limit after conducting an effluent assessment without 
facility-specific monitoring data, will need to provide adequate 
justification for the limit in its permit development rationale or 
in its permit fact sheet. A clear and logical rationale for the need 
for the limit covering all of the regulatory points will be neces
sary to defend the limit should it be challenged. In justification 
of a limit, EPA recommends that the more information the 
authority can acquire to support the limit, the better a 
position the authority will be in to defend the limit if neces
sary. In such a case, the regulatory authority may well benefit 
from the collection of effluent monitoring data prior to estab
lishing the limit. 

If the regulatory authority, after evaluating all available informa
tion on the effluent, in the absence of effluent monitoring data, 
is not able to decide whether the discharge causes, has the 
reasonable potential to cause, or contributes to, an excursion 
above a numeric or narrative criterion for whole effluent toxicity 
or for individual toxicants, the authority should require whole 
effluent toxicity or chemical-specific testing to gather further 
evidence. In such a case, the regulatory authority can require 
the monitoring prior to permit issuance, if sufficient time exists, 
or it may require the testing as a condition of the issued/ 
reissued permit. 

Under these circumstances, the regulatory authority may find it 
protective of water quality to include a permit reopener for the 
imposition of an effluent limit should the effluent testing estab
lish that the discharge causes, has the reasonable potential to 
cause, or contributes to excursion above a water quality criteria. 
A discussion of these options is provided later in this chapter. 

3.3 DETERMINING THE NEED FOR PERMIT 
UMITS WITH EFFWENT MONITORING DATA 

3.3.1 General Considerations 
When characterizing an effluent for the need for a whole efflu
ent toxicity limit, and/or an individual toxicant limit, the regula
tory authority should use any available effluent monitoring 
data, together with any information like that discussed under 
Section 3.2 above, as the basis for a decision. The regulatory 
authority may already have effluent toxicity data available from 
previous monitoring, or it may decide to require the permittee 
to generate effluent monitoring data prior to permit issuance or 
as a condition of the issued permit. EPA regulations at 40 CFR 
122.21 (j) require POlWs with design flows equal to or greater 
than 1 MGD and POlWs with approved pretreatment pro
grams, or POlWs required to develop a pretreatment program, 
to submit the results of whole effluent toxicity tests with their 
permit applications. These regulations also provide discretion 
to the permitting authority to request such data from additional 
POlWs at the time of permit application. 



In the instance where the permittee is required to generate data in 
advance, data collection should begin 12 to 18 months in advance 
of permit development to allow adequate time for conducting 
toxicity tests and chemical analyses. The type of data, including 
toxicity testing data, should be specified by the regulatory author
ity at the outset so that decisions on permit actions will not be 
delayed. EPA recommends monitoring data be generated on 
effluent toxicity prior to permit limit development for the 
following reasons: (1) the presence or absence of effluent 
toxicity can be more clearly established or refuted and (2) 
where toxicity is shown, effluent variability can be more clearfy 
defined. Several basic factors that should be considered in gener
ating effluent monitoring data are discussed below. 

3.3.2 Addressing Uncertainty In Efflutmt Characterization 
by Generating Effluent Monitoring Data 
All toxic effects testing and exposure assessment parameters, for 
both effluent toxicity and individual chemicals, have some degree 
of uncertainty associated with them. The more limited the amount 
of test data available, the larger the uncertainty. The least amount 
of uncertainty of an effluent's impact on the receiving water exists 
where ( 1) a complete data base is available on the effects of acute 
and chronic toxicity on many indigenous species, (2) there is a 
clear understanding of ecosystem species composition and func
tional processes, and (3) actual measured exposure concentrations 
are available for all chemicals during seasonal changes and dilution 
situations. The uncertainty associated with such an ideal situation 
would be minimal. However, generation of these data can be very 
resource intensive. 

An example of uncertainty that results from limited monitoring 
data is if a regulatory authority has only one piece of effluent data 
(e.g., an LCso of 50 percent) for a facility. Effluent variability in 
such a case, given the range of effluent toxicity variability seen in 
other effluents, may range between 20 percent and 1 00 percent 
(see Appendix A). It is impossible to determine from one piece of 
monitoring data where in this range the effluent variability really 
falls. More monitoring data would need to be generated to 
determine the actual variability of this effluent and reduce this 
source of uncertainty. 

To better characterize the effects of effluent variability and reduce 
uncertainty in the process of deciding whether to require an 
effluent limit, EPA has developed the statistical approach described 
below and in Box 3-2. This approach combines knowledge of 
effluent variability as estimated by a coefficient of variation with 
the uncertainty due to a limited number of data to project an 
estimated maximum concentration for the effluent. The estimated 
maximum concentration is calculated as the upper bound of the 
expected lognormal distribution of effluent concentrations at a 
high confidence level. The projected effluent concentration after 
consideration of dilution can then be compared to an appropriate 
water quality criterion to determine the potential for exceeding 
that criterion and the need for an effluent limit. 

The statistical approach has two parts. The first is a characteriza
tion of the highest measured effluent concentration based on the 
desired confidence level. The relationship that describes this is the 
following: 

Pn = (1 -confidence level) 1 In 
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where Pn is the percentile represented by the highest con
centration in the data and n is the number of samples. The 
following are some examples of this relationship at a 99 
percent confidence level: 

• The largest value of 5 samples is greater than the 40 
percentile 

• The largest value of 10 samples is greater than the 63 
percentile 

• The largest value of 20 samples is greater than the 79 
percentile 

• The largest value of 1 00 samples is greater than the 96 
percentile. 

The second part of the statistical approach is a relationship 
between the percentile described above and the selected 
upper bound of the lognormal effluent distribution. EPA's 
effluent data base suggests that the lognormal distribution 
well characterizes effluent concentrations (see Appendix E). 
For example, if five samples were collected (which repre
sents a 40th percentile), the coefficient of variation is 0.6, 
and the desired upper bound of the effluent distribution is 
the 99th percentile, then the two percentiles can be related 
using the coefficient of variation (CV) as shown below: 

C99 exp(2.326o- o.so2) 
= 4.2 

C4o exp(-0.258a- o . .sc:r2) 

where a2 =In (CV2+ 1) and 2.326 and -0.2.58 are the normal 
distribution values for the 99th and 40th percentiles, respec
tively. The use of the 99th percentile is for illustrative 
purposes here. Although it does represent a measure of the 
upper bound of an effluent distribution, other percentiles 
could be selected by a regulatory agency. The relationship 
shown above can be calculated for other percentiles and 
CVs by replacing the values in the equation. 

Tables 3-1 and 3-2 show the combined effects of both parts 
for a 99-percent confidence level and upper bounds of the 
99th and 95th percentiles, respectively. The factors shown 
in the tables are multiplied by the highest concentration in 
an effluent sample to estimate the maximum expected con
centration. 

This procedure can be used for both single and multiple 
discharges to the same receiving waterbody. This is accom
plished for multiple dischargers by summing the projected 
RWCs for the pollutant or pollutant parameter of concern 
from each individual discharger, and comparing it to the 
water quality standard. This involves an assumption of 
conservative additivity of the pollutant after discharge, which 
may not accurately reflect the true behavior of the toxicant. 
To overcome this, and to further refine the proportional 
contribution of each discharger and the resultant limits, the 
permitting authority should supplement this evaluation with 
multiple source WLA modeling and/or ambient water con
centration monitoring. 



Box 3-2. Determining "Reasonable Potential" for Excursions Above 
Ambient Criteria Using Effluent Data Only 

EPA recommends finding that a permittee has "reasonable potential" to exceed a receiving water quality 
standard if it cannot be demonstrated with a high confidence level that the upper bound of the lognormal 
distribution of effluent concentrations is below the receiving water criteria at specified low-flow conditions. 

Step 1 Determine the number of total observations ("n") for a particular set of effluent data (concentrations or 
toxic units [TUs)), and determine the highest value from that data set. 

Step 2 Determine the coefficient of variation for the data set. For a data set where n<1 0, the coefficient of 
variation (01) is estimated to equal 0.6, or the 01 is calculated from data obtained from a discharger. 
For a data set where n> 1 0, the 01 is calculated as standard deviation/mean (see Figure 3-1 ). For less 
than 1 0 items of data, the uncertainty in the CV is too large to calculate a standard deviation or mean 
with sufficient confidence. 

Step 3 Determine the appropriate ratio from Table 3-1 or 3-2. 

Step 4 Multiply the highest value from a data set by the value from Table 3-1 or 3-2. Use this value with the 
appropriate dilution to project a maximum receiving water concentration (RWC). 

Step 5 Compare the projected maximum RWC to the applicable standard (criteria maximum concentration, 
criteria continuous concentration [CCC], or reference ambient concentration). EPA recommends that 
permitting authorities find reasonable potential when the projected RWC is greater than an ambient 
criterion. 

Example 

Consider the following results of toxicity measurements of an effluent that is being characterized: 5 TUc, 2 TUc, 9 TUc, 
and 6 TUc. Assume that the effluent is diluted to 2 percent at the edge of the mixing zone. Further assume that the 
01 is 0.6, the upper bound of the effluent distribution is the 99th percentile, and the confidence level is 99 percent. 

Step 1 There are four samples, and the maximum value of the sample results is 9 TUc-

Step 2 The value of the 01 is 0.6. 

Step 3 The value of the ratio for four pieces of data and a 01 of 0.6 is 4.7. 

Step 4 The value that exceeds the 99th percentile of the distribution (ratio times Xmax) after dilution is calcu
lated as: 

[9 TUc x 4.7 x 0.02] = 0.85 TUc-

Step 5 0.85 TUc is less than the ambient criteria concentration of 1.0 TUc- There is no reasonable 
potential for this effluent to cause an excursion above the CCC. 

3.3.3 Effluent Characterization tor Whole Effluent Toxicity 
Once an effluent has been selected for whole effluent toxicity 
characterization after consideration of the factors discussed above, 
the regulatory authority should require toxicity testing in accor
dance with appropriate site-specific considerations and the rec
ommendations discussed below. In the past 5 years, significant 
additional experience has been gained in generating effluent 
toxicity data upon which to make decisions as to whether or not 
an effluent will cause toxic effects in the receiving water in both 
freshwater and marine environments. 
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General Considerations and Assumptions 

EPA has revised its initial effluent toxicity data generation recom
mendations based on three observations made over the last 5 
years: 

1) Only rarely have effluents discharged by NPDES permittees 
been observed to have LC5os less than 1.0 percent or no 
observed effect concentrations (NOECs) less than 0.1 per
cent. However, there is always a chance that an effluent 
could be toxic at such low effluent concentrations. 
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Table 3-1. Reasonable Potential Multiplying Factors: 99% Confidence Level and 99% Probability Basis 

Number of Coefficient of Variation 

Samples 0.1 0.2 0.3 0.4 0.5 0.6 07 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0 

1 1.6 2.5 3.9 6.0 9.0 113.2 
I 

18.9 26.5 36.2 48.3 
1
63.3 81.4102.8128.0 157.1 90.3 227.8 269.9 316.7 368.3 

2 1.4 2.0 2.9 4.0 5.5 7.4 9.8 12.7 16.1 20.2 24.9 30.3 36.3 43.0 50.4 58.4 67.2 76.6 86.7 97.5 

3 1.4 1.9 2.5 3.3 4.4 5.6 7.2 8.9 11.0 13.4 16.0 19.0 22.2 25.7 29.4 33.5 37.7 42.3 47.0 52.0 

4 1.3 1.7 2.3 2.9 3.8 4.7 5.9 7.2 8.7 10.3 12.2 14.2 16.3 18.6 21.0 23.6 26.3 29.1 32.1 35.1 

5 1.3 1.7 2.1 2.7 3.4 4.2 5.1 6.2 7.3 8.6 10.0 11.5 13.1 14.8 16.6 18.4 20.4 22.4 24.5 26.6 

6 1.3 1.6 2.0 2.5 3.1 3.8 4.6 5.5 6.4 7.5 8.6 9.8 11.1 12.4 13.8115.3 16.8 18.3 19.9 21.5 

I 7 1.3 1.6 2.0 2.4 2.9 3.6 4.2 5.0 5.8 6.7 I 7.7 8.7 9.7 10.8 12.0 13.1 14.4 15.6 16.9 18.2 

8 1.2 1.5 1.9 2.3 2.8 3.3 3.9 4.6 5.3 6.1 I 6.9 7.8 8.7 9.6 10.6 11.6 12.6 13.6 14.7 15.8 

9 1.2 1.5 1.8 2.2 2.7 3.2 3.7 4.3 5.0 5.7 
I 

6.4 7.1 7.9 8.7 9.6 10.4 11.3 12.2 13.1 14.0 

10 1.2 1.5 1.8 2.2 2.6 3.0 3.5 4.1 4.7 5.3 5.9 6.6 7.3 8.0 8.8 9.5 10.3 11.0 11.8 12.6 

11 1.2 1.5 1.8 2.1 2.5 2.9 3.4 3.9 4.4 5.0 
I 

5.6 6.2 6.8 7.4 8.1 8.8 9.4 10.1 10.8 11.5 

12 1.2 1.4 1.7 2.0 2.4 2.8 3.2 3.7 4.2 4.7 5.2 5.8 6.4 7.0 7.5 8.1 8.8 9.4 10.0 10.6 

I 13 1.2 1.4 1.7 2.0 2.3 2.7 3.1 3.6 4.0 4.5 ' 5.0 5.5 6.0 6.5 7.1 7.6 8.2 8.7 9.3 9.9 
I 

1.2 1.4 1.7 2.0 2.3 2.6 3.0 3.4 3.9 4.3 I 4.8 5.2 5.7 6.2 6.7 7.2 7.7 8.2 8.7 9.2 14 
I 15 1.2 1.4 1.6 1.9 2.2 2.6 2.9 3.3 3.7 4.1 I 4.6 5.0 5.4 5.9 6.4 6.8 7.3 7.7 8.2 8.7 

16 1.2 1.4 1.6 1.9 2.2 2.5 2.9 3.2 3.6 4.0 I 4.4 4.8 5.2 5.6 6.1 6.5 6.9 7.3 7.8 8.2 
I 

I I 17 1.2 1.4 1.6 1.9 2.1 2.5 2.8 3.1 3.5 3.8 4.2 4.6 5.0 5.4 5.8 6.2 6.6 7.0 7.4 7.8 
I 18 1.2 1.4 1.6 1.8 2.1 2.4 2.7 3.0 3.4 3.7 
I 

4.1 4.4 4.8 5.2 5.6 5.9 6.3 6.7 7.0 7.4 

I 19 1.2 1.4 1.6 1.8 2.1 2.4 2.7 3.0 3.3 3.6 

I 
4.0 4.3 4.6 5.0 5.3 5.7 6.0 6.4 6.7 7.1 

I 20 1.2 1.3 1.6 1.8 2.0 2.3 2.6 2.9 3.2 3.5 3.8 4.2 4.5 4.8 5.2 5.5 5.8 6.1 6.5 6.8 
I 

Table 3-2. Reasonable Potential Multiplying Factors: 95% Confidence Level and 95% Probability Basis 

I Number of Coefficient of Variation I 

I I 
Samples 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0 

I 
1 I 1.4 1.9 2.6 3.6 4.7 6.2 8.0 10.1 12.6 15.5 118.7 22.3 26.4 30.8 35.6 40.7 46.2 52.1 58.4 64.9 

I 
I 

2 1.3 1.6 2.0 2.5 3.1 3.8 4.6 5.4 6.4 7.4 8.5 9.7 10.9 12.2 13.6 15.0 16.4 17.9 19.5 21.1 I 

I I 3 1.2 1.5 1.8 2.1 2.5 3.0 3.5 4.0 4.6 5.2 5.8 6.5 7.2 7.9 
8.6, 

9.3 10.0 10.8 11.5 12.3 

4 
I 

1.2 1.4 1.7 1.9 2.2 2.6 2.9 3.3 3.7 4.2 4.6 5.0 5.5 6.0 6.4 6.9 7.4 7.8 8.3 8.8 I 

I 
5 11.2 1.4 1.6 1.8 2.1 2.3 2.6 2.9 3.2 3.6 3.9 4.2 4.5 4.9 5.2 5.6 5.9 6.2 6.6 6.9 

6 : 1.1 1.3 1.5 1.7 1.9 2.1 2.4 2.6 2.9 3.1 3.4 3.7 3.9 4.2 4.5 I 4.7 5.0 5.2 5.5 5.7 
I 

3.91 
I 

7 I 1.1 1. 3 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.1 3.3 3.5 3.7 4.1 4.3 4.5 4.7 4.9 
I 

8 I 1 .1 1. 3 1.4 1.6 1.7 1.9 2.1 2.3 2.4 2.6 2.8 3.0 3.2 3.3 3.5 I 3.7 3.9 4.0 4.2 4.3 I I 

9 I 1.1 1.2 1.4 1.5 1.7 1.8 2.0 2.1 2.3 2.4 2.6 2.8 2.9 3.1 3.2 3.4 3.5 3.6 3.8 3.9 I 
10 

I 
1.1 1.2 1.3 3.o I I 1.5 1.6 1.7 1.9 2.0 2.2 2.3 2.4 2.6 2.7 2.8 3.1 3.2 3. 3 3.4 3.6 

11 I 1.1 1.2 1. 3 1.4 1.6 1.7 1.8 1.9 2.1 2.2 2.3 2.4 2.5 2.7 
I 

3.0 3.1 3.2 3.3 2.8. 2.9 
I I 

12 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.9 2.0 2.1 

I 

2.2 2.3 2.4 2.5 2.61 2.7 2.8 2.9 3.0 3.0 
I 

13 I 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3 2.4 2.5 I 2.5 2.6 2.7 2.8 2.9 

14 I 1.1 1.2 1.3 1.4 1.4 1.5 1.6 1.7 1.8 1.9 I 2.0 2.1 2.2 2.3 2.3 I 2.4 2.5 2.6 2.6 2.7 

15 \ 1.1 1.2 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.8 1 1.9 2.0 2.1 2.2 2.2\ 2.3 2.4 2.4 2.5 2.5 

16 1.1 1.1 1.2 1.3 1.4 1.5 1.6 1.6 1.7 1.8 1 1.9 1.9 2.0 2.1 2.1 I 2.2 2.3 2.3 2.4 2.4 
·, I 2.0 I 17 I 1.1 1.1 1.2 1.3 1.4 1.4 1.5 1.6 1.7 1.7,1.8 1.9 1.9 2.0 2.1 2.2 2.2 2.3 2.3 

18 I 1 .1 1.1 1.2 1.3 1.3 1.4 1.5 1.6 1.6 1.7 1.7 1.8 1.9 1.9 2.0 2.0 2.1 2 1 2.2 2.2 

19 
I 

1.1 1.1 1.2 1.3 1.3 1.4 1.5 1.5 1.6 1.6 I 1.7 1.8 1.8 1.9 1.9 2.0 2.0 2.0 2.1 2.1 
I 

I 1.6 I 1.8 1 20 I 1.1 1.1 1.2 1.2 1.3 1.4 1.4 1.5 1.5 1.7 1.7 1.8 1.8 1.9 1.9 2.0 2.0 2.0 
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Figure 3-1 a. Frequency Distribution of Values for a 
lognormal Distribution with a Mean of 1.0 and a 

Coefficient of Variation of 0.6 
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Figure 3-l b. Comparison of Relative Frequencies of 
Lognormal Distributions with a Mean of 1.0 for 

Different Coefficients of Variation 

2) With the exception of a small number of "outliers" for 
which confirmation is not possible, acute-to-chronic ratios 
(ACRs) above 20 for effluents discharged by NPDES per
mittees have not been observed by EPA. The majority of 
observed ACRs are very seldom above 10. However, higher 
ACRs may be found for selected facilities. 

3) The use of the three commonly used freshwater species 
and of three of the five commonly used marine organisms 
has generally been sufficient to measure any effluent's 
toxicity for the purposes of projecting effluent toxicity 
impact and making regulatory decisions. 
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Figure 3-1 d. Example of 90 Percent Confidence 
Intervals Around Coefficient of Variation Estimates for 

Numbers of Samples 

Figure 3-2 is a flow chart of EPA's recommendations for data 
generation for three different dilution scenarios. It is divided 
into three basic steps: determining initial dilution, develop
ing toxicity testing procedures, and developing decision 
criteria for permit limit. There are certain basic assumptions 
built into this flow chart. The basic principle used in making 
decisions is to compare available dilution to known or pro
jected toxic effect concentrations in order to place an efflu
ent into one of three categories: 



-=-- --==-- -==- -_-. =============== 
STEP 1 

STEP2 

Dilution 
determination, 

Conduct toxicity testing2 based 
on dilution determination (3 species 
at a minimum of quarterly for 1 year) 

Acute toxicity data or 
estimate based on ACR 

Chronic toxicity data or 
estimate based on ACR 

STEP 3 

YES 

YES 

NO 

Notes: 

Develop permit 
limits 

Develop permit 
limits 

Require 
monitoring at 

reissuance 

YES 

YES 

NO 

1 Dilution determrnations should be performed for critical flows and any applicable mixing zones. 

2roxicity testing recommendations 

a. Dilution> 1000:1: acute testing, check CMC only. 
b. 100:1 < Dilution< 1000:1: acute or chronic testing, check CMC and CCC with data or ACR. 

c. Dilution< 100:1: conduct chronic testing, check CCC with data and CMC using acute data or ACR. 
3Reasonable potential: Use procedures in Box 3-3. 

Figure 3-2- Effluent Characterization for Whole Effluent Toxicity 

1) The effluent causes or contributes to an excursion of a 
numeric or narrative water quality criterion and the permit 
requires a limit on toxicity. 

2) The effluent has a reasonable potential of causing or con
tributing to an excursion of a numeric or narrative water 
quality criterion and a limit is required. 

3) The effluent has a very low probability of causing or con
tributing to an excursion of a water quality standard and 
no limit is required. 
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This categorization is accomplished by using dilution esti
mates in the first step and the results of the toxicity tests in 
the next steps. In addition, all these impact estimates 
assume discharge at critical conditions and imposition of 
any applicable mixing zone requirements. Therefore, a 
conservative assumption is used to determine whether or 
not an impact is projected to occur. Estimates of possible 
toxic impact are made assuming that the effluent is most 
toxic to the most sensitive species or lifestage at the time of 
lowest available dilution. 
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Figure 3-3. National Distribution of NPDES Dilution 
Conditions at 7Q10 and at Annual Mean Flow 

The changes to the EPA's data generation recommendations 
eliminate the application of multiple sets of safety margins 
that was proposed in the 1 985 version of this document. 
Rather, general observations on effluent toxicity described 
above now allow regulatory authorities to tighten the bounds 
of the initial dilution categorization, eliminate the species 
sensitivity uncertainty factor and target LC50s of 1 percent 
and NOECs of 0.1 percent as the most extreme toxicity 
measurements that can normally be expected for the vast 
majority of effluents discharged by NPDES permittees for 
acute and chronic toxicity, respectively. The observation of 
toxicity was based on multiple dilution tests. The same 
observation may not hold for toxicity measured with single 
dilution tests (pass/fail). As reflected in Chapter 1, single 

57 

dilution toxicity tests are much more variable than multiple dilu
tion tests. Therefore, the use of single concentration toxicity 
tests is strongly discouraged for this data generation process. 

Since the new data generation requirements are much less expen
sive than the previous requirements, tiered testing (less expensive, 
single-concentration, initial screening followed by increasingly 
expensive definitive data generation, using multiconcentration 
tests, as described in the September 1985 version of the technical 
support document) is unnecessary. However, elimination of the 
requirement to conduct toxicity testing on the basis of projec
tions using dilution alone is not recommended. Although EPA's 
data review suggests that an LCso of 1 percent and an NOEC of 
0.1 percent are the lower bounds on effluent toxicity, there may 
be other effluents that are presently unmeasured that are more 
toxic. Testing data are always desirable for fully characterizing 
discharges of concern. 

Steps in Whole Effluent Characterization Process 

The following is a detailed description of the major steps pre
sented in Figure 3-2 and the rationale behind each. 

Step 1: Dilution Determination 

The initial step is to determine the dilution of the effluent at the 
edge of the mixing zone, assuming the State allows mixing zones. 
Figure 3-4 shows a schematic representation of typical mixing 
zone requirements for both acute and chronic toxicity. Calculat
ing the dilution at the edges of mixing zones for site-specific 
situations can be complicated. Modeling can be employed using 
either steady-state or dynamic approaches to calculate the dilu
tion (see Chapter 4). However, for complex situations, such as 
marine and estuarine waters or lakes, dye studies (or other tech
niques used to assess mixing zones) may still be required. 

Some State water quality standards do not allow the use of 
mixing in the control of acute toxicity. For these States, acute 
toxicity is often limited at the end of the pipe. Permit limits 
derived to enforce such requirements would be considered "wa
ter quality-based" because they would be based upon an ambient 
criterion (as opposed to an arbitrary test endpoint). Regardless, 
both chronic and acute toxicity must be assessed in these situa
tions. 

Step 2: Toxicity Testing Procedures 

Where toxicity tests are required in order to make decisions 
regarding appropriate next steps in a screening protocol, EPA 
recommends as a minimum that three species (for example, a 
vertebrate, an invertebrate, and a plant) be tested quarterly 
for a minimum of 1 year. As discussed in Chapter 1, the use of 
three species is strongly recommended. Experience indicates that 
marine algae can be a highly sensitive test species for some 
effluents. Using a surrogate species of the plant kingdom adds 
another trophic level to the testing regimen. For both freshwater 
and marine situations, the use of three species is more protective 
than two species since a wider range of species sensitivity can be 
measured. EPA is continuing to develop toxicity test methods 
using additional organisms including plants. In addition, EPA has 
revised the test for Selenastnum, which has improved the test 
precision. 
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Figure 3-4. Schematic Representation of Mixing Zone Areas 
Where the CMC and CCC Apply 

EPA recommends against selecting a "most sensitive" species 
for toxicity testing. For one organism to consistently be the 
most sensitive in a battery of toxicity tests, two conditions must 
occur: (1) the toxicants causing toxicity must remain the same, 
and {2) the ratios of the toxicants in the effluent (if more than 
one) must remain the same. Based on EPA's experience at the 
Duluth research laboratory, neither of these conditions is likely to 
occur. For example, the causes of effluent toxicity in POTWs can 
vary on a seasonal basis. Toxicity in the summer can be caused 
by pesticides to which invertebrates are most sensitive. However, 
the winter toxicity could be caused by ammonia to which fathead 
minnows will respond most sensitively. The most sensitive spe
cies for an effluent actually may not exist and at best is difficult to 
identify. 

Conducting toxicity tests using three species quarterly for 1 
year is recommended to adequately assess the variability of 
toxicity observed in effluents. Below this minimum, the chances 
of missing toxic events increase. The toxicity test result for the 
most sensitive of the tested species is considered to be the 
measured toxicity for a particular effluent sample. 

The data generation recommendations in Figure 3-2 represent 
minimum testing requirements. Since uncertainty regarding 
whether or not an effluent causes toxic impact is reduced with 
more data, EPA recommends that this test frequency be in
creased where necessary to adequately assess effluent vari-
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ability. If less frequent testing is required in the permit, it is 
preferable to use three species tested less frequently than to test 
the effluent more frequently with only a single species whose 
sensitivity to the effluent is not well characterized. 

EPA recommends that a discharger conduct acute toxicity 
testing if the dilution of the effluent is greater than 1000:1 at 
the edge of the mixing zone [3]. Such a discharger would be 
considered a low priority for chronic toxicity testing. The rationale 
for this is that the effluent concentration would be below 0.1 
percent at the edge of the mixing zone and thus incapable of 
causing an excursion above the CCC. A worst case NOEC of 0.1 
percent translates into 1,000 TUc, which would result in a concen
tration of less than 1.0 TUc at the edge of the mixing zone for this 
dilution category. The test results would be compared to the CMC 
after consideration of any allowable mixing. 

EPA recommends that a discharger conduct either acute or 
chronic toxicity testing if the dilution of the effluent falls 
between 100:1 and 1,000:1 at the edge of the mixing zone. 
Effluents have been shown to be both acutely and chronically toxic 
within this range of receiving water dilution. Under worst-case 
scenarios, LCsos of 1.0 percent and ACRs of 10 will result in 
excursions above both the CCC and CMC at the edge of the 
regulatory mixing zone. 

Although either acute or chronic testing can be required within 
this dilution range, acute testing would be more appropriate at the 
higher end of this dilution range (1 ,000:1 or 0.1 percent). At the 
lower end of this dilution range (1 00:1 or 1 .0 percent), chronic 
tests may be more appropriate. Where other factors are equal, 
chronic testing may be preferable since the interim results in a 
chronic test gives data on acute toxicity as well. The acute 
endpoint data can then be used to compare directly to the CMC 
without the need for an ACR. 

Whichever type of toxicity test (either acute or chronic) is speci
fied, the results from that test should be compared to the criterion 
associated with that type of test. For example, a chronic test 
would be compared to the CCC. Comparisons to the other criteria 
can be made by using the ACR or additional data generated to 
convert a chronic test result to an acute endpoint and vice versa. 
For example, a chronic NOEC of 5 percent effluent (or 20 TUc) 
represents an acute LCso of 50 percent (or 2 TUa) at an ACR of 10. 

EPA recommends that a discharger conduct chronic toxicity 
testing if the dilution of the effluent falls below 100:1 at the 
edge of the mixing zone. The rationale for this recommendation 
is that chronic toxicity has been observed in some effluents down 
to the 1 .0 percent effect concentration. Therefore, chronic toxicity 
tests, although somewhat more expensive to conduct, should be 
used directly in order to make decisions about toxic impact. 

There is a potential for acute toxicity within this dilution range, 
although this is less likely as the 100:1 dilution level is approached. 
Thus, the recommended screening protocol shown in Figure 3-2 
includes a determination of whether excursions above the CMC 
are projected (4]. This analysis may be performed by assuming an 
ACR, applying this value to the chronic toxicity testing data, and 
allowing for any allowable initial mixing. Alternatively, the regula
tory authority may use the interim results in the chronic test to 
calculate the acute toxicity. 



Both the chronic and acute toxicity test data would be compared 
to their respective criterion. The chronic test results would be 
compared to the CCC, and the acute results, regardless of how 
calculated, would be compared to the CMC. 

Step 3: Deci1ion Criteria for Permit Limit Development 

Once the toxicity data have been generated for a discharger, the 
regulatory authority must decide whether or not the results show 
that the permittee causes, has the reasonable potential to cause, or 
contributes to an excursion of an applicable numeric or narrative 
water quality criterion and therefore needs to limit effluent toxic
ity. To do this, these data should be used to project receiving 
water concentrations, which are then compared to the CCC and 
CMC. One of four outcomes will be reached when following the 
screening protocol shown in Figure 3-2: 

1) Excursion Above CMC or CCC-Where any one data point 
shows an excursion above the State's numeric or narrative 
criterion for the parameter toxicity, EPA regulations require a 
permit limit be set for whole effluent toxicity (40 CFR 
122.44(d)(1 )(iv or v)), unless limits on a specific chemical 
will allow the narrative water quality criterion to be attained 
or maintained. In the absence of a State numeric criterion 
for the parameter toxicity, EPA recommends that 1.0 TUc 
and 0.3 TUa be used as the CCC and CMC,.respectively. 
The decision to develop permit limits based upon an excur
sion above either the CMC or CCC will lead to protection 
against both acute and chronic toxicity if the permit deriva
tion procedures in Chapter 5 are used to set effluent limits. 

2) Reasonable Potential for Excursion Above CMC or CCC
EPA believes that "reasonable potential" is shown where 
an effluent is projected to cause an excursion above the 
CCC or CMC. This projection is based upon a statistical 
analysis of available data that accounts for limited sample 
size and effluent variability. EPA's detailed recommenda
tions for making a statistical determination based upon 
effluent monitoring data alone are shown in Box 3-2. Where 
a regulatory authority finds that test results alone indicate a 
"reasonable potential" to cause an excursion above a State 
water quality criterion in accordance with 40 CFR 
122.44(d)(l )(ii), a permit limit must be developed. 

A regulatory authority may select an alternative approach 
for assessing reasonable potential. For example, an author
ity may opt to use a stochastic dilution model that incorpo
rates both ambient dilution and effluent variability for deter
mining reasonable potential. Such an approach is analo
gous to the statistical approach shown in Box 3-2. Whatever 
approach selected by the authority, it must use all the 
factors that account for all the factors listed in 40 CFR 
122.44(d)(1 )(ii). 

In some cases the statistical analysis of the effluent data may 
not actually project an excursion above the CMC or CCC 
but may be close. Under such conditions, reasonable poten
tial determinations will include an element of judgment on 
the part of the regulatory authority. Other factors will need 
to be considered and given appropriate weight in the 
decision making process, including value of waterbody (e.g., 
high-use fishery), relative proximity to the CCC or CMC, 
existing controls on point and nonpoint sources, informa-
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tion on effluent variability, compliance history of the facil
ity, and type of treatment facility. These factors are 
summarized in Box 3-2 and are discussed in detail in 
Section 3.1. EPA recommends regulatory authorities 
establish a written policy and procedure for making 
determinations of "reasonable potential" under these 
circumstances. 

3) No Reasonable Potential for Excursions Above CMC or 
CCC-In these situations, EPA recommends that the 
toxicity tests recommended above be repeated at a 
frequency of at least once every 5 years as a part of 
the permit application. Such testing is required for 
certain P01Ws under 40 CFR 122.21 (j). 

4) Inadequate Information-Where a regulatory authority 
has inadequate information to determine reasonable po
tential for an excursion of a numeric or narrative water 
quality criterion, there may still be a basis for concern on 
the part of the authority. The permit should contain 
whole effluent toxicity monitoring requirements and a 
reopener clause. This clause would require reopening of 
the permit and establishment of a limit based upon any 
test results, or other new factors, which substantiate that 
the effluent causes, has the reasonable potential of caus
ing, or contributes to an excursion above the CCC or 
CMC. 

3.3.4 Use of Toxicity Test/11g In Multiple-source Discharge 
SltuatloiiS 

Where more than one discharge to the same receiving waterbody 
contributes, or has the reasonable potential to contribute to an 
excursion of water quality standards, permit limits must be 
developed for each individual discharger on that waterbody. 
For the regulatory authority to make this assessment, additional 
testing may be needed to provide the authority with the infor
mation necessary to assess the relative impact of each source. 
For purposes of this discussion, a multiple-source discharge 
situation is defined as a situation where impact zones overlap, or 
where ambient receiving water concentrations of a pollutant 
are elevated due to upstream discharges. In multiple-source 
discharge situations, additivity, antagonism, and persistence of 
toxicity can be of concern. To collect additional data, the permit 
authority should employ the toxicity testing procedures for 
multiple dischargers described in Box 3-3. In addition, ambient 
toxicity testing, as described below, could be used. 

Assuming that screening has been conducted that reveals the 
need for permit limits, two options for controlling the dis
charges exist. The first option is for the permit authority to 
regulate each source separately using the procedures for indi
vidual point sources. In this option, the permitting authority 
would require use of upstream ambient water as a diluent in the 
toxicity test so as to be able to evaluate the contributions of 
upstream sources of toxicity. A second option is to treat each 
discharge as an interactive component of a whole system. In 
this option, the permit writer would determine a total maxi
mum daily load for the receiving waterbody and develop indi
vidual wasteload allocations for each discharger using the pro
cedures discussed in Chapter 4. 



Box 3-3. Recommend Multiple-source Toxicity Testing Procedures 

Tests 

Where the combined effluents make up 1 percent or greater of the receiving waters, conduct chronic toxicity 
tests following the testing procedures described in Section 3.3.3. 

Where the combined effluents make up less than 1 percent of the receiving waters, conduct acute toxicity tests 
following the testing procedures described in Section 3.3.3 (see Figure 3-2) to determine if any of the effluents 
are exhibiting toxicity. 

An additional data requirement is the assessment of relative and absolute toxicity of each source so that 
appropriate permit conditions can be set for individual dischargers. The following procedure is suggested. 

1) Conduct one set of toxicity tests on the effluents using a control of reconstituted or uncontaminated dilution 
water. The set of tests will give an absolute toxicity measurement of the effluent. 

2) Run a parallel set of toxicity tests on the effluent using dilution water taken directly upstream from the point of 
discharge or, for estuarine waters, from an area outside of the immediate discharge impact zone (this will have 
to be determined by a dye study). This dilution water may be contaminated with upstream effluents or other 
toxicant sources. The purpose of this test is to project toxic impact of the effluent after it is mixed at its point 
of discharge. This is a relative effluent toxicity measurement. The relative testing procedure could result in a 
change in the standard concentration-effect curve generated by the testing. The dilution water for the relative 
toxicity test may cause significant mortality, growth, or reproductive effects at the lower effluent concentra
tions (including the 1 00 percent diluent control concentration) if the diluent from the receiving water is toxic 
(from an upstream discharge). Such mortality does not invalidate the test. Instead, analysis of toxicity trends 
resulting from the relative toxicity tests can be used to assess the effluent's toxicity in relation to other sources 
and ambient receiving water conditions. However, a control dilution water with no toxicity must be used for 
quality assurance and determination of absolute toxicity of the effluent. 

3) Conduct ambient toxicity tests to (a) determine whether or not the effluent has a measurable toxicity after 
mixing, (b) measure persistence of toxicity from all sources contributing to receiving water toxicity, and (c) 
determine combined toxicity resulting from the mixing of multiple, point, and nonpoint sources of toxicity. 
See Appendix C for a discussion of ambient toxicity testing procedures. 

The ambient testing can be required of each discharger and conducted during low-flow or worst-case design 
periods. 

Frequency for Ambient Testing 

All testing should be conducted simultaneously by each discharger, if possible. At a minimum, the tests should 
be conducted concurrently starting within a short time period (1 to 2 days). Repeated ambient toxicity analyses 
will be desirable when variable effluents are involved. Effluent toxicity data showing variability can be used to 
assess what frequency will be most applicable. The level of repetition for variability analysis should be similar to 
that used in effluent variability analyses. 

Other Considerations 

Dye studies of effluent dispersion for rivers, lakes, reservoirs, and estuaries are strongly recommended. This 
allows analysis of effluent concentration at the selected sampling stations above and below the discharge points. 

The procedures suggested in this multiple source section are based on actual multiple source site investigations 
conducted under the Complex Effluent Toxicity Testing Program. Site reports from that study can be used to 
obtain further description of the toxicity testing procedures used to analyze multiple source toxic impact [1, 2]. 
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3.3.5 Ambient Toxicity Testing 
Ambient toxicity testing also is useful in screening rece1v1ng 
water bodies for existing toxic conditions. The procedure de
scribed in Appendix C uses short-term chronic toxicity tests to 
measure the toxicity of samples of receiving water taken above, 
at, and below outfalls. It can be used in freshwater, marine, and 
estuarine systems. The procedure must be conducted during an 
appropriate low-flow or worst-case design period. 

The utility of the ambient toxicity screening approach is that 
actual receiving water toxicity is directly measured. No extrapo
lation from exposure or ACR is needed. Further, impact from 
multiple source discharge situations, which may not be apparent 
from individual discharger data, is identified. Finally, the tech
nique can provide an assessment of the persistence of effluent 
toxicity. 

3.3.6 Special Considerations for Discharges to Marine and 
Estuarine Environments 

Special problems are encountered when assessing and control
ling impacts of toxic pollutants discharged to marine and estua
rine waterbodies. These special problems include the following: 

• Determining the physical characteristics of estuaries and 
the complex mixing and effluent dilution situations for 
RWCs of effluents. 

• Generating toxicity data on nonsaline effluents that dis
charge to brackish or saline waters and establishing cause
effect relationships on that basis. 

• Assessing exposure and controlling impacts from persis
tent toxicants accumulating in fish and shellfish tissues 
and in sediments. These factors are particularly important 
in estuaries and near coastal waters because of high use of 
estuaries as breeding and fishing areas for important com
mercial seafood supplies and recreational fishing, and be
cause many estuaries and near coastal waters act as sinks 
for pollutants that accumulate in sediments. 

Where these special problems are encountered, additional infor
mation may need to be gathered to better quantify dilution, to 
determine metals partitioning, and to identify potential interfer
ences in whole effluent toxicity tests. 

To characterize the type of whole effluent toxicity that is most 
relevant for a particular discharge to marine and estuarine wa
ters, the following questions should be considered [5]: 

• What is the salinity of the receiving water, and is this 
important in terms of the State standards? 

• What is the appropriate test organism to require for toxic
ity testing under differing salinity conditions? 

The answers to these questions will enable the permitting au
thority to determine what type of toxicity testing is most suitable 
for effluent characterization and whole effluent toxicity control. 

For most marine and estuarine discharges the choice of test 
species and dilution water should be made based on the charac
teristics of the receiving water at the critical conditions for flow, 
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mixing, and salinity. Foremost in this determination should be 
the salinity of the receiving water and, to a lesser extent, the 
salinity of the effluent itself. 

The primary objective of whole effluent toxicity tests is to identify 
sources of toxicity that can potentially cause an excursion of a 
State's narrative or numeric water quality criteria. For this reason, 
the toxicity tests should reflect the natural conditions of the 
receiving water so to be able to measure any effluent characteris
tic that could contribute to ambient toxicity. The marine toxicity 
test methods identify 1,000 mg/1 as the point at which salinity 
begins to exert an effect on freshwater species. As a general 
rule, EPA recommends that freshwater organisms be used 
when the receiving water salinity is less than 1,000 mg/1, and 
that marine organisms be used when the receiving water 
salinity equals or exceeds 1,000 mg/1. 

Saline Effluent Discharges to Saltwater 

The dissolved salts in the effluent are pollutants. These salts may 
or may not be the same as those present in the receiving water. 
Also, the proportion of dissolved salts in the effluent may be 
different from that of the salts in the receiving water. In this case, 
the toxicity test needs to be able to determine if these salts 
contribute to ambient toxicity. For this reason, marine organ
isms are needed. 

Saline Effluent Discharged to Freshwater 

In this case, the dissolved salts in the effluent is a pollutant that 
does not exist in the receiving water. The toxicity test needs to 
determine whether the dissolved salts can be one of the toxicants 
that contribute to ambient toxicity. For this reason, freshwater 
organisms are needed. 

Freshwater Effluent Discharged to Saltwater 

In this instance, the lack of dissolved salts in the effluent can 
cause an apparent toxic effect to the marine organisms in the 
toxicity test. However, in contrast to the instances presented 
above, the toxicity test does not need to be able to measure this 
effect because a lack of salts is not a pollutant. The marine 
toxicity test methods account for this by requiring that the 
salinity of the effluent be adjusted to approximate the salinity of 
the receiving water. As an alternative to using a marine organism, 
a freshwater organism can be used if the test is being conducted 
only on a 1 00-percent effluent sample and if State water quality 
standards do not require that a marine organism be used. 

3.3. 7 Using a Chemical-specific Limit to Control Toxicity 
EPA regulations at 40 CFR 122.44(d)(1 )(v) provide that limits on 
whole effluent toxicity are not necessary where the permitting 
authority demonstrates in the fact sheet or statement of basis of 
the NPDES permit that chemical-specific limits for the effluent are 
sufficient to attain and maintain applicable numeric and narrative 
State water quality criteria. To make this demonstration that 
chemical-specific limits are sufficient, additional effluent informa
tion will be needed. EPA recommends that the discharger 
conduct a toxicity identification evaluation to identify the 
causative agent(s) in the effluent. Where the permitting au
thority determines that the demonstration required by 40 CFR 
122.44(d)(1 )(v) has been made, limits on whole effluent toxicity 



need not be imposed. Effluent limits on the controlling chemical 
with concurrent whole effluent monitoring will be sufficient. Where 
subsequent whole effluent toxicity testing reveals the presence of 
toxicity in the effluent, the above process will need to be repeated, 
or alternatively a whole effluent toxicity limit will be needed. If 
continued toxicity testing shows that additional chemical-specific 
effluent limits are insufficient to control whole effluent toxicity, 
then toxicity limits may be the only practical way to control 
toxicity. 

3.3.8 Effluent Characterization for Specific Chemicals 
The previous section discussed effluent characterization for whole 
effluent toxicity. This section will describe EPA's recommendations 
for data generation to determine whether or not permit limits are 
needed to control specific chemical pollutants in effluents. While 
many of the same principles apply when developing chemical
specific limits, there are some differences based upon regulatory 
and analytical considerations. 

Characterization of impacts due to specific chemicals do not re
quire a determination of the type of testing as is required for whole 
effluent toxicity because there is generally only one type of test for 
specific chemicals. However, there are some antecedent steps that 
are unique to effluent characterization for specific chemicals: de
termination of the chemicals of concern and determination of 
acceptable ambient levels (RAC, CMC, or CCC) for these pollut
ants. 

Steps for Chemical-specific Effluent Characterization Process 

Figure 3-5 illustrates EPA's recommendations for determining 
whether or not permit limits need to be developed according to 
an evaluation of a limited data set. The following discussion 
corresponds to the various activities shown in Figure 3-5. (Refer to 
the human health discussion in Section 3.3.9 for additional details 
on procedures to characterize the bioconcentration potential of 
effluents.) 

Step 1: Identify the Pollutants of Concern 

This process should begin with an examination of existing data to 
determine the presence of specific toxicants for which criteria, 
standards, or other toxicity data are available. Sources of data 
include the following: 

• Permit application forms, DMRs, permit compliance systems 
(PCS), and permit files 

• Pretreatment industrial surveys 

• STORET for ambient monitoring data 

• SARA Title Ill Toxic Chemical Release Inventory 

• Industrial effluent guidelines development documents 

• The Treatability Manual [6] 

• Effluent bioconcentration assessment (see Section 3.3.9). 

Data on specific chemicals that are typically submitted with NPDES 
application forms will consist of a limited number of analytical test 
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results for many of the reported parameters. Where the regula
tory authority has reason to believe that additional data for key 
parameters of concern are needed in order to adequately charac
terize the effluent, this information should be requested as a part 
of the application or, in some cases, through the use of Section 
308 letters. It is recommended that 8 to 12 samples be ana
lyzed for key parameters of concern. In some cases, special 
analytical protocols will need to be specified in order to gather all 
appropriate information. 

Step 2: Determine the Basis for Establishing RACs, CMCs, and 
CCCs for the Pollutants of Concern 

The second step is to identify the appropriate water quality stan
dard, including designated or existing use, and criteria for use. 
Ideally, the State water quality standards include aquatic life and 
human health criteria for the pollutants of concern. If a State does 
not have a numeric water quality criterion for the pollutant of 
concern, then one of three options for using the narrative crite
rion may be used (40 CFR 122.44(d)(l )(vi)) to determine whether 
a discharge causes, has the reasonable potential to cause, or 
contributes to an excursion above a narrative criteria because of 
an individual pollutant. Although the provisions of 40 CFR 
122.44(d)(l )(vi) are presented in the regulation in the context of 
permit limit development, these same considerations should be 
applied in characterizing effluents in order to determine whether 
limits are necessary. The options available are as follows: 

• Option A allows the regulatory authority to establish limits 
using a "calculated numeric water quality criterion" that 
the regulatory authority demonstrates will attain and main
tain applicable narrative water quality criteria and fully 
protect the designated use. This option allows the regula
tory authority to use any criterion that protects aquatic life 
and human health. This option also allows the use of site
specific factors, including local human consumption rates 
of aquatic foods, the State's determination of an appropri
ate risk level, and any other current data that may be 
available. 

• Option 8 allows the regulatory authority to establish efflu
ent limits using EPA's Water Quality Criteria guidance docu
ments, if EPA has published a criteria document for the 
pollutant supplemented where necessary by other relevant 
information. As discussed earlier, EPA criteria documents 
provide a comprehensive summary of available data on the 
effects of a pollutant. 

• Option C may be used to develop limits for a pollutant of 
concern based on an indicator parameter under limited 
circumstances. An example of an indicator parameter is 
total toxic organics (TTO); effluent limits on TTO are useful 
where an effluent contains organic compounds. However, 
use of this option must be justified to show that controls on 
one pollutant control one or more other pollutants to a 
level that will attain and maintain applicable State narrative 
water quality criteria and will protect aquatic life and hu
man health (see 40 CFR 122.44(d)(l )(vi)( C)). Use of this 
option is restricted by regulation to those instances where it 
can be demonstrated that controls on indicator pollutants 
serve to control the toxicant of concern. Using Option A or 
Option B is a more direct and perhaps more defensible 
approach. 
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1 RAC and/or CMC/CCC: Use State numeric criterion or interpret State narrative criterion using one of three options specified under 40 CFR 
122.44(d). 

2 Dilution determination: Perform for critical flow and for any applicable mixing zones for aquatic life and human health protection procedures, 
respectively. 

3 Reasonable potential: Use procedures in Boxes 3-2 and 3-4. 

Figure 3-5. Effluent Characterization for Specific Chemicals 

Step 3: Dilution Determination 

The third step is to calculate the effluent dilution at the edge of 
the mixing zone. The pertinent factors for consideration here are 
the same as were previously presented for whole effluent toxicity 
with one difference: there are two levels of dilution analysis for 
chemical data. The first level is to use simple fate models based 
on a dilution analysis and comparison with the RAC, CMC, or 
CCC. The second level of analysis is to use more complex fate 
models, including dynamic models to estimate persistence, and 
may be applied to lakes, rivers, estuaries, and coastal systems 
using a desktop calculator or microcomputer. EPA has sup
ported development of a second level of analysis that estimates 
point source wasteload allocations and nonpoint source alloca
tions and predicts the resulting pollutant concentrations in re
ceiving waters [7]. 
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Step 4: Decision Criteria for Permit Limit Development 

After this dilution analysis has been performed, the projected RWC 
is compared to the RAC, CMC, or CCC (either the State numeric 
criteria or an interpretation of the narrative criteria as described 
earlier). Whereas analysis of aquatic impacts should include evalu
ations with respect to both the CCC and the CMC, analysis of 
human health impacts will only involve comparisons with the RAC. 
The four possible outcomes discussed above in the triggers for 
permit limit development discussion in Section 3.3.3 also apply 
here: 

• Excursion above the RAC, CMC, or CCC 

• Reasonable potential for excursion above the RAC, CMC, or 
CCC 



• No reasonable potential for excursion above the RAC, CMC, 
CCC 

• Inadequate information. 

If these evaluations project excursions or the reasonable potential 
to cause or contribute to an excursion above the RAC, CMC, or 
CCC, then a permit limit is required (40 CFR 122.44(d)(1 )(iii)). 
The statistical approach shown in Box 3-2 or an analogous ap
proach developed by a regulatory authority can be used to deter
mine the reasonable potential. Effluents that are shown not to 
cause or that have a reasonable potential to cause or contribute to 
an excursion above an RAC, CMC, or CCC should be reevaluated 
at permit reissuance. 

Where chemical-specific test results do not show a reasonable 
potential but indicate a basis for concern after consideration of the 
other factors discussed in Section 3.2, or if there were inadequate 
information to make a decision, the permit should contain chemi
cal testing requirements and a reopener clause. This clause would 
require reopening of the permit and establishment of a limit based 
upon any test results that show effluent toxicity at levels that cause 
or have a reasonable potential to cause or contribute to an excur
sion above the RAC, CCC, or CMC. 

3.3.9 Effluent Characterization tor BlocoocentratabiB 
Pollutants 

The previous section discussed how to characterize effects of 
specific chemicals, including those that may threaten human health, 
to determine whether or not a discharge causes, has the reason
able potential to cause, or contributes to excursions above an 
water quality criterion. The primary disadvantage of this approach 
is that it does not identify all effluent chemicals of potential con
cern for human health. To help address this gap, EPA is develop
ing a procedure for identifying pollutants with the propensity to 
bioconcentrate in fish tissue. This procedure is presently in draft 
form and should not be used for establishing NPDES permit limits 
until EPA releases the final document on the procedure. This 
section describes the outline of this procedure. 

The overall approach illustrated in Figure 3-6 is a seven-step proce
dure that starts with collecting samples and ends with developing 
permit effluent limits. The effluent characterization step unique to 
this approach lies in Step 3. There are two alternatives under this 
step: fish tissue residue and effluent assessment. An analytical 
chemistry laboratory with residue chemistry and gas chromato
graph/mass spectometer (GC/MS) capability is needed to conduct 
the analytical methods for both alternatives. A summary of the 
alternatives follows: 

• Tissue Residue Alternative: This alternative measures the con
centrations of organic bioconcentratable chemicals in tissue 
samples of indigenous organisms from the receiving water. 
This analysis involves the collection of fish or shellfish samples, 
the extraction of the organic chemicals from the tissue and 
the analysis of these extracts with GC/MS to identify and 
quantify the bioconcentratable contaminants. The procedure 
provides recommendations to sort the results of this screening 
analysis in order to determine which of the contaminants pose 
a hazard and require regulatory action. The approach recom
mends that the identity of those contaminants then be con
firmed prior to taking subsequent action. 
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Figure 3-6. Procedure for Assessment and Control of 
Bloconcentratable Contaminants in Surface Waters 

• Effluent Alternative: This alternative measures the concen
trations of organic bioconcentratable chemicals in effluent 
samples from point source dischargers. This analysis in
volves the collection of effluent samples, the extraction of 
the organic chemicals from the effluent sample, and the 
separation of the chemicals that have characteristics known 
to result in bioconcentration from the other chemical com
ponents of the effluent sample. This separation is achieved 
by way of an analytical chemistry methodology called high-



pressure liquid chromatography (HPLC). The HPLC 
also separates (fractionates) an effluent sample into 
three subsamples or "fractions." These three fractions 
contain chemicals with increasing potential to 
bioconcentrate, with the third fraction containing those 
chemicals with the highest bioconcentration rates. 
Following HPLC fractionation, each fraction is then 
analyzed with GC/MS to identify and quantify the 
bioconcentratable contaminants. The effluent proce
dure also provides recommendations to sort the re
sults of the initial screening analysis to determine 
which of the contaminants pose a hazard and require 
subsequent regulatory action. The approach then 
recommends that the identity of those contaminants 
then be confirmed prior to taking further regulatory 
action. 

While both of the assessment alternatives described above 
may be used for a given discharger, generally one of these 
alternatives may be preferred by the regulatory authority. 
The regulatory authority would select the assessment ap
proach based on the available site- and facility-specific infor
mation and the objectives of the application. 
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Although the approach provides a means to identify chemicals 
that can bioconcentrate, it does not identify all bioconcentratable 
chemicals. Chemicals that bioconcentrate include many organic 
compounds, and a small number of metals (e.g., mercury and 
selenium) and organometals (e.g., tributyltin). The new approach 
is limited to nonpolar organic chemicals that produce measurable 
chemical residues in aquatic organisms or that have log octanol
water partition coefficients greater than 3.5. 

3.3.10 Analytical Considerations for Chemicals 
Analysis of discharges for toxic substances requires special quality 
control procedures beyond those necessary for conventional pa
rameters. Toxicants can occur in trace concentrations and are 
frequently volatile or otherwise unstable. An EPA publication en
titled, Test Methods-Technical Additions to Methods for Chemical 
Analysis of Water and Wastes [8], contains sampling and handling 
procedures recommended by EPA for a number of toxic and 
conventional parameters. Additional methods for analyses for 
toxicants are described in Standard Methods of Water and Waste
water Analyses (ASTM, 17th edition, 1989, or most recent edition) 
and 40 CFR Part 1 36. Chapter 5 discusses detection limits and 
sampling requirements. 
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4. EXPOSURE AND WASTELOAD ALLOCATION 

4.1 INTRODUCnON 

At this point in the taxies control process, a water quality problem 
has been identified. Screening analyses may have been done to 
assess the extent of toxicity, or a wasteload allocation (WLA) 
based on an existing total maximum daily load (TMDL) may 
already have been established. A TMDL is the sum of the indi
vidual WLAs for point sources and load allocations (LAs) for 
nonpoint sources of pollution and natural background sources, 
tributaries, or adjacent segments. WLAs represent that portion of 
a TMDl that is established to limit the amount of pollutants from 
existing and future point sources so that surface water quality is 
protected at all flow conditions. 

The TMDL process uses water quality analyses to predict water 
quality conditions and pollutant concentrations. Limits on waste
water pollutant loads are set and nonpoint source allocations are 
established so that predicted receiving water concentrations do 
not exceed water quality criteria. TMDLs and WLAs/LAs should 
be established at levels necessary to attain and maintain the 
applicable narrative and numerical water quality standards, with 
seasonal variations and a margin of safety that takes into account 
any lack of knowledge concerning the relationship between point 
and nonpoint source loadings and water quality. Determination 
of WLAs/LAs and TMDLs should take into account critical condi
tions for stream flow, loading, and water quality parameters. 
Conditions that will protect the receiving water have been deter
mined from State numeric or narrative water quality criteria. 

This chapter is divided into sections that explain the steps that 
precede establishment of a WLA and then the methods and tools 
(models) that can be used to determine the WLA. Section 4.2 
briefly discusses TMDLs and how they relate to waters identified 
as requiring a water quality-based approach for taxies control. 
The section also discusses different WLA schemes. Sections 4.3 
and 4.4 discuss mixing zones, areas described as allocated impact 
zones where acute and chronic water quality criteria may be 
exceeded. Section 4.3 provides background information on mix
ing zones and discusses EPA's mixing zone policy and how this 
policy affects the allowable toxic load that can be discharged from 
a point source. State mixing zone dimensions and the determina
tion of mixing zone boundaries are also discussed. 

Section 4.4 discusses mixing zone analyses for situations in which 
the discharge does not mix completely with the receiving water 
within a short distance. Included in Section 4.4 are discussions of 
outfall designs that maximize initial dilution in the mixing zone, 
critical design periods for mixing zone analyses, and methods to 
analyze and model near-field and far-field mixing. 

Section 4.5 discusses the calculations of the WLA and LA and the 
types of EPA-recommended mathematical models available to 
determine WLAs in completely mixed situations for both aquatic 
life and human health. The Wl.A models listed in Section 4.5 can 
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be used to predict ambient concentrations and to calculate the 
effluent quality required to meet the criteria and protect desig
nated and existing uses of the receiving water. The data require
ments of each of these models are also described so that the 
effluent characterization procedures described in Chapter 3 can 
be designed to support the specific types of WLA modeling 
selected by the regulator. Section 4.6 discusses human health 
considerations and how to determine WLAs for human health 
toxicants. 

EPA is currently working on methods to develop sediment criteria. 
Once developed, point source discharges could be further limited 
to prevent accumulation of pollutants in the bed sediment; such 
accumulation impairs beneficial uses. Although the criteria are 
not yet available for this document, they will be addressed in 
future documents. In the meantime, some of the models dis
cussed in Section 4.5 are capable of simulating interactions between 
the water column and sediment and between toxic transport and 
transformation in the sediment. EPA is encouraging the States to 
consider the role of sediments in WLA. 

4.2 TOTAL MAXIMUM DAILY LOADS AND WASTELOAD 
ALLOCATIONS 

4.2. t Total Maximum Dally Loads 
The Federal Clean Water Act (CWA), under Section 303(d), re
quires the establishment of TMDLs for "water quality limited" 
stream segments. In such segments, water quality does not meet 
applicable water quality standards and/or is not expected to meet 
applicable water quality standards even after the application of 
the technology-based effluent limitations. A TMDL includes a 
determination of the amount of a pollutant, or property of a 
pollutant, from point, nonpoint, and natural background sources, 
including a margin of safety, that may be discharged to a water 
quality-limited waterbody. Any loading above this loading capac
ity risks violating water quality standards. TMDLs can be expressed 
in terms of chemical mass per unit of time, by toxicity, or by other 
appropriate measures. Permits should be issued based on TMDLs 
where available. 

The establishment of a TMDL for a particular waterbody is depen
dent on the location of point sources, available dilution, water 
quality standards, nonpoint source contributions, background 
conditions, and instream pollutant reactions and effluent toxicity. 
All of these factors can affect the allowable mass of the pollutant 
in the waterbody. Thus, two issues must be determined in 
conjunction with the establishment of the TMDL: (1) the defini
tion of upstream and downstream boundaries of the waterbody 
for which the TMDL is being determined, and (2) the definition of 
critical conditions. For the following discussion, the waterbody 
boundaries are delineated as the portion of the waterbody be-



tween the pollutant source (whether point source or nonpoint 
source) that is farthest upstream and the downstream point at 
which water quality has recovered to the background quality 
found above the pollutant source that is farthest upstream. The 
delineation of critical conditions for stream flow, loading, and 
water quality parameters may be specific to the type of waterbody 
and is discussed in Section 4.4. 

TMDLs are established based on water quality criteria pertinent to 
the designated and existing uses for the waterbody in question. 
TMDLs are traditionally calculated using State water quality stan
dards as applied to a specific waterbody. Such a fitting of the 
TMDL to desired water quality criteria requires information con
cerning the distribution of loadings within the waterbody, namely, 
the locations and relative contributions of pollutant-specific load
ings from point, nonpoint, and background sources during all 
flow conditions (40 CFR 130.2(f)). Low-flow TMDLs, by them
selves, will not be adequate in situations where nonpoint source 
loadings (LAs) during high or intermediate flow conditions cause 
excursions above water quality standards (40 CFR 130.2(f)). 

The loading capacity of TMDLs have been determined in many 
ways, but the most common method is to find the pollutant 
loading that will attain and maintain applicable water quality 
criteria. For example, in the Tualatin River Basin in Oregon, 
loading capacity was determined by multiplying stream flow in 
critical flow periods by the pollutant water quality standard [1]. 
Another method of determining a loading capacity is by quantify
ing instream toxicity. This method was used in developing a 
TMDL for the Amelia River in Florida [2]. 

The allowable TMDL is defined as the sum of the individual WlAs 
and LAs; a margin of safety can be included with the two types of 
allocations to ensure that allocated loads, regardless of source, 
would not produce an excursion above water quality standards. 
The WlAs are those portions of the TMDL assigned to point 
sources; the lAs are those portions of the TMDL assigned to the 
sum of all nonpoint sources and background sources (40 CFR 
1 30.2(f)). The background sources represent loadings to the 
specified waterbody or stream segment that come from sources 
outside the defined segment. For example, loadings from regions 
upstream of the segment and estimated atmospheric deposition 
of the pollutant would constitute background sources. Sediments 
that are highly contaminated from upstream discharges or histori
cal discharges might also act as a source of toxicants and contribute 
to the background levels; these sediments also may be part of the 
nonpoint sources. 

The TMDL represents a mass loading that may occur over a given 
time period to attain and maintain water quality standards. As a 
result, the design flows under which the TMDL is determined can 
significantly alter its value. This phenomenon results in a some
what unusual dichotomy. The design flows for aquatic life protec
tion most applicable to point source loadings (WlAs) usually 
involve low-flow events (e.g., 7Ql 0) because the volumes associ
ated with the point sources generally do not decrease with de
creased stream flow. As a result, the highest concentrations 
associated with specific point source loads would be expected 
under low flow conditions. Conversely, elevated non point source 
pollutant loadings (i.e., urban, agricultural) generally correspond 
to storm events. In fact, agricultural and urban runoff are often 
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minimal or nonexistent in the absence of precipitation (i.e., non
existent under low-flow drought conditions). 

The TMDL is a composite of the allowable loads associated with 
point sources and nonpoint sources within the defined bound
aries of the waterbody segment and the background loadings to 
that segment from upstream and from in-place sediments. 
Therefore, the TMDL should be evaluated under conditions that 
reflect worst-case (critical) conditions for both point and nonpoint 
source loadings (i.e., low-flow drought and high flow conditions). 
Determination of the TMDL under these two scenarios would 
identify the lower of the two loading capacities of the waterbody. 
This lower capacity is necessary to protect the waterbody in 
question. 

In the case of design flows for human health protection, the 
harmonic mean flow is recommended as the basis for TMDls for 
carcinogens. Design flows for human health protection should 
consider worst-case conditions for both point and non point source 
loadings under this flow condition (see Section 4.6). 

In many cases, lAs for nonpoint sources are difficult to assess 
because the information needed to describe the runoff associated 
with the high-flow storm events does not exist. This lack of 
information is due to the high variability of the events. Because of 
the importance of estimating the nonpoint contributions to the 
waterbody, site-specific models may be required to estimate 
non point source loadings. Even then, detailed models are difficult 
to calibrate with accuracy without intensive monitoring studies, 
and simplistic correlations between loadings and rainfall can be, 
by their statistical nature, unreliable for estimating low-frequency 
events (e.g., worst 1 0-year storm). The uncertainties associated 
with nonpoint source loadings and background sources require 
that the TMDL be determined with a sufficient margin of safety to 
allow for significant variability in non point source loadings. 

CWA Section 303(d) and EPA regulations (40 CFR Parts 35 and 130, 
january 11, 1985) require that TMDls contain a margin of safety 
"which takes into account any lack of knowledge concerning the 
relationship between effluent limitations and water quality." The 
margin of safety is to take into account any uncertainties related 
to development of the water quality-based control, including any 
uncertainties in pollutant loadings, ambient conditions, and the 
model analysis. The size of the required margin of safety can, of 
course, be reduced by collecting additional information, which 
reduces the amount of uncertainty. The margin of safety can be 
provided for in the TMDL process by one of the following: 

• Reserving a portion of the loading capacity to a separate 
margin of safety. 

• Including a margin of safety within the individual WlAs for 
point sources and within the lAs for nonpoint sources and 
background sources. 

Most TMDls are developed using the second approach, most 
often through the use of conservative design conditions. 

In addition, all WlAs, lAs, and TMDls must meet the State 
antidegradation provisions developed prusuant to the Water 
Quality Standards Regulation (Section 131 .12 of 40 CFR Part 131, 



November 8, 1983). This regulation establishes explicit proce
dures that must be followed prior to lowering existing water 
quality to a level that still supports the Section 1 01 (a)(2) "fishable/ 
swimmable" goal of the Act. WL.As, lAs, and TMDLs that allow 
such a decline in water quality cannot be established unless the 
applicable public participation and intergovern-mental review 
requirements of the antigradation provisions have been met and 
all existing uses are fully maintained and protected. 

4.2.2 Wasteload Allocation ScblllfltJS 
WL.As for water quality-based toxics permits must be set in accor
dance with EPA regulations [3, 4]. EPA has developed a number 
of WLA guidance documents to assist regulatory authori~ies in 
developing TMDLs and WL.As. The EPA Office of Water Regula
tions and Standards, Assessment and Watershed Protection Divi
sion, maintains the latest listing of all Wt.A guidance documents. 
Toxic WLA guidance documents are currently available for rivers 
and streams [5], lakes and reservoirs [6], and estuaries [7]. Guid
ance for the determination of critical design conditions for steady
state modeling of rivers and streams also is available [8]. 

Table 4-1 lists 19 allocation schemes that may be used by the 
States to develop WLAs. This is not intended to be a complete list 
of approaches; regulatory authorities may use any reasonable 
allocation scheme that meets the antidegradation provisions and 
other requirements of State water quality standards [3]. 

The most commonly used allocation methods have been equal 
percent removal, equal effluent concentrations, and a hybrid 
method. The equal percent removal approach can be applied in 
two ways: the overall removal efficiencies of each pollutant 
source must be equal, or the incremental removal efficiencies 
must be equal. The equal effluent concentration approach also 
can be applied in two acceptable ways~qual final concentra
tions or equal incremental concentration reductions. This method 
is similar to the equal percent removal method if influent concen
trations at all sources are approximately the same. However, if 
one point source has substantially higher influent levels, requiring 
equal effluent concentrations will result in higher overall treat
ment levels for that source than the equal percent removal ap
proach. 

The final commonly used method of allocating wasteloads is a 
hybrid method in which the criteria for waste reduction may not 
be the same for each point source. One facility may be allowed to 
operate unchanged, while another may be required to provide 
the entire load reduction. More often, a proportionality rule that 
requires the percent removal to be proportional to the input 
loading can be assigned. In these cases, larger sources would be 
required to achieve higher overall removals. 

4.3 INCOMPLETELY MIXED, DISCHARGE RECEIVING 
WATER SITUAnONS 

Mixing zones are areas where an effluent discharge undergoes 
initial dilution and are extended to cover the secondary mixing in 
the ambient waterbody. A mixing zone is an allocated impact 
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zone where acute and chronic water quality criteria can be ex
ceeded as long as a number of protections are maintained, in
cluding freedom from the following: 

• Materials in concentrations that settle to form objection
able deposits 

• Floating debris, oil, scum, and other matter in concentra
tions that form nuisances 

Table 4-1. Wasteload Allocation Methods [9] 

1. Equal percent removal (equal percent treatment) 

2. Equal effluent concentrations 

3. Equal total mass discharge per day 

4. Equal mass discharge per capita per day 

5. Equal reduction of raw load (pounds per day) 

6. Equal ambient mean annual quality (mg/1) 

7. Equal cost per pound of pollutant removed 

8. Equal treatment cost per unit of production 

9. Equal mass discharged per unit of raw material used 

1 0. Equal mass discharged per unit of production 

11 a. Percent removal proportional to raw load per day 

11 b. larger facilities to achieve higher removal rates 

12. Percent removal proportional to community effective 
income 

13a. Effluent charges (dollars per pound, etc.) 

13b. Effluent charge above some toad limit 

14. Seasonal limits based on cost-effectiveness analysis 

15. Minimum total treatment cost 

16. Best availability technology (BAT) (industry) plus some 
level for municipal inputs 

17. Assimilative capacity divided to require an "equal effort 
among all dischargers" 

18a. Municipal: treatment level proportional to plant size 

18b. Industrial: equal percent between best practicable tech
nology (BPT) and BAT, i.e., Allowable wasteload alloca
tion: 

(WLA) = BPT- x (BPT -BAT) 
100 

19. Industrial discharges given different treatment levels for 
different stream flows and seasons. For example, a plant 
might not be allowed to discharge when stream flow is 
below a certain value, but below another value, the 
plant would be required to use a higher level of treat
ment than BPT. Finally, when stream flow is above an 
upper value, the plant would be required to treat to a 
level comparable to BPT. 



• Substances in concentrations that produce objectionable 
color, odor, taste, or turbidity 

• Substances in concentrations that produce undesirable 
aquatic life or result in a dominance of nuisance species. 

Acutely toxic conditions are defined as those lethal to aquatic 
organisms that may pass through the mixing zone. As discussed 
in Chapter 2, the underlying assumption for allowing a mixing 
zone is that a small area of concentrations in excess of acute and 
chronic criteria, but below acutely toxic releases, can exist without 
causing adverse effects to the overall waterbody. The State 
regulatory agency can decide to allow or deny a mixing zone on a 
site-specific basis. For a mixing zone to be permitted, the dis
charger should prove to the State regulatory agency that all State 
requirements for a mixing zone are met. 

When wastewater is discharged into a waterbody, its transport 
may be divided into two stages with distinctive mixing character
istics. Mixing and dilution in the first stage are determined by the 
initial momentum and buoyancy of the discharge. This initial 
contact with the receiving water is where the concentration of the 
effluent will be its greatest in the water column. The design of the 
discharge outfall should provide ample momentum to dilute the 
concentrations in the immediate contact area as quickly as pos
sible. 

The second stage of mixing covers a more extensive area in which 
the effect of initial momentum and buoyancy is diminished and 
the waste is mixed primarily by ambient turbulence. In large 
rivers or estuaries, this second-stage mixing area may extend for 
miles before uniformly mixed conditions are attained. In some 
instances, such as larger lakes or coastal bays, completely mixed 
conditions are never reached in the waterbody. The general 
definition for a completely mixed condition is when no measur
able difference in the concentration of the pollutant (e.g., does 
not vary by more than 5 percent) exists across any transect of the 
waterbody. 

This section provides background information on the policy of 
mixing zones and the means to characterize them for use in WLAs 
(Section 4.5). The first subsection discusses the concerns that 
must be addressed when the boundaries and restrictions of a 
mixing zone are determined. The second subsection discusses 
the guidelines for preventing lethal conditions in the mixing zone. 

4.3.1 Determlnatltlll of MlxiRg 1oM IJIIImllarltls 
Allowable mixing zone characteristics should be established to 
ensure the following: 

• Mixing zones do not impair the integrity of the waterbody 
as a whole. 

• There is no lethality to organisms passing through the 
mixing zone. 

• There are no significant health risks, considering likely path
ways of exposure (see Section 2.2.2). 
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The Water Quality Criteria-1972 [1 0] recommends that mixing 
zone characteristics be defined on a case-by-case basis after it has 
been determined that the assimilative capacity of the receiving 
system can safely accommodate the discharge. This assessment 
should take into consideration the physical, chemical, and bio
logical characteristics of the discharge and the receiving system; 
the life history and behavior of organisms in the receiving system; 
and the desired uses of the waters. Nearly all States require such 
an analysis before they allow a mixing zone [11 ]. Further, mixing 
zones should not be permitted where they may endanger critical 
areas (e.g., drinking water supplies, recreational areas, breeding 
grounds, areas with sensitive biota). 

EPA has developed a holistic approach to determine whether a 
mixing zone is tolerable [12]. The method considers all the 
impacts to the waterbody and all the impacts that the drop in 
water quality will have on the surrounding ecosystem and 
waterbody uses. It is a multistep data collection and analysis 
procedure that is particularly sensitive to overlapping mixing 
zones. It includes the identification of all upstream and down
stream waterbodies and the ecological and cultural data pertain
ing to them; the collection of data on all present and future 
discharges to the waterbody; the assessment of relative environ
mental value and level of protection needed for the waterbody; 
and, finally, the allocation of environmental impact for a discharge 
applicant. Because of the difficulty in collecting the data necessary 
for this procedure and the general lack of agreement concerning 
relative values, this method will be difficult to implement in full. 
However, the method does serve as a guide on how to proceed in 
allocating a mixing zone. 

Most States allow mixing zones as a policy issue, but provide 
spatial dimensions to limit the areal extent of the mixing zones. 
The mixing zones are then allowed (or not allowed) after case-by
case determinations. State regulations dealing with streams and 
rivers generally limit mixing zone widths, cross-sectional areas, 
and flow volumes and allow lengths to be determined on a case
by-case basis. For lakes, estuaries, and coastal waters, dimensions 
are usually specified by surface area, width, cross-sectional area, 
and volume. 

Where a mixing zone is allowed, water quality standards are met 
at the edge of that regulatory mixing zone during design flow 
conditions and generally, ( 1) provide a continuous zone of pas
sage that meets water quality criteria for free-swimming and 
drifting organisms and (2) prevent impairment of critical resource 
areas. Individual State mixing zone dimensions are designed to 
limit the impact of a mixing zone on the waterbody. Furthermore, 
EPA's review of State WLAs should evaluate whether assumptions 
of complete or incomplete mixing are appropriate based on 
available data. 

In river systems, reservoirs, lakes, estuaries, and coastal waters, 
zones of passage are defined as continuous water routes of such 
volume, area, and quality as to allow passage of free-swimming 
and drifting organisms so that no significant effects are produced 
on their populations. Transport of a variety of organisms in river 
water and by tidal movements in estuaries is biologically impor
tant in a number of ways: food is carried to the sessile filter 



feeders and other nonmobile organisms, spatial distribution of 
organisms and reinforcement of weakened populations are en
hanced, and embryos and larvae of some fish species develop 
while drifting (11]. Anadromous and catadromous species must 
be able to reach suitable spawning areas. Their young (and in 
some cases the adults) must be assured a return route to their 
growing and living areas. Many species make migrations for 
spawning and other purposes. Barriers or blocks that prevent or 
interfere with these types of essential transport and movement 
can be created by water with inadequate chemical or physical 
quality. 

As explained above, a State regulatory agency may decide to 
deny a mixing zone in a site-specific case. For example, denial 
should be considered when bioaccumulative pollutants are in the 
discharge. The potential for a pollutant to bioaccumulate in living 
organisms is measured by (1) the bioconcentration factor (BCF), 
which is chemical-specific and describes the degree to which an 
organism or tissue can acquire a higher contaminant concentra
tion than its environment (e.g., surface water); (2) the duration of 
exposure; and (3) the concentration of the chemical of interest. 
While any BCF value greater than 1 indicates that bioaccumulation 
potential exists, bioaccumulation potential is generally not con
sidered to be significant unless the BCF exceeds 1 00 or more. 
Thus, a chemical that is discharged to a receiving stream, result
ing in low concentrations, and that has a low BCF value will not 
create a bioaccumulation hazard. Conversely, a chemical that is 
discharged to a receiving stream, resulting in a low concentration 
but having a high BCF value, may cause in a bioaccumulation 
hazard. Also, some chemicals of relatively low toxicity, such as 
zinc, will bioconcentrate in fish without harmful effects resulting 
from human consumption. 

Another example of when a regulator should consider prohibiting 
a mixing zone is in situations where an effluent is known to attract 
biota. In such cases, provision of a continuous zone of passage 
around the mixing area will not serve the purpose of protecting 
aquatic life. A review of the technical literature on avoidance/ 
attraction behavior revealed that the majority of toxicants elicited 
an avoidance or neutral response at low concentrations [13]. 
However, some chemicals did elicit an attractive response, but the 
data were not sufficient to support any predictive methods. Tem
perature can be an attractive force and may counter an avoidance 
response to a pollutant, resulting in attraction to the toxicant 
discharge. Innate behavior such as migration may also supersede 
an avoidance response and cause fish to incur a significant expo
sure. 

4.3.2 Minimizing the Size of Mixing Zones 
Concentrations above the chronic criteria are likely to prevent 
sensitive taxa from taking up long-term residence in the mixing 
zone. In this regard, benthic organisms and territorial organisms 
are likely to be of greatest concern. The higher the concentra
tions occurring within an isopleth, the more taxa are likely to be 
excluded, thereby affecting the structure and function of the 
ecological community. It is thus important to minimize the 
overall size of the mixing zone and the size of elevated concentra
tion isopleths within the mixing zone. 
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4.3.3 Prevention of Lethality to Passing Organisms 
The Water Quality Standards Handbook [14] indicates that whether 
to establish a mixing zone policy is a matter of State discretion, 
but that any State policy allowing for mixing zones must be 
consistent with the CWA and is subject to approval of the Re
gional Administrator. The handbook provides additional discus
sion regarding the basis for a State mixing zone policy. 

Lethality is a function of the magnitude of pollutant concentra
tions and the duration an organism is exposed to those concen
trations. Requirements for wastewater plumes that tend to attract 
aquatic life should incorporate measures to reduce the toxicity 
(e.g., via pretreatment, dilution) to minimize lethality or any 
irreversible toxic effects on aquatic life. 

EPA's water quality criteria provide guidance on the magnitude 
and duration of pollutant concentrations causing lethality. The 
criterion maximum concentration (CMC) is used as a means to 
prevent lethality or other acute effects. As explained in Appendix 
D, the CMC is a toxicity level and should not be confused with an 
LCso level. The CMC is defined as one-half of the final acute value 
for specific toxicants and 0.3 acute toxic unit (TUa) for effluent 
toxicity (see Chapter 2). The CMC describes the condition under 
which lethality will not occur if the duration of the exposure to the 
CMC level is less than 1 hour. The CMC for whole effluent toxicity 
is intended to prevent lethality or acute effects in the aquatic 
biota. The CMC for individual toxicants prevents acute effects in 
all but a small percentage of the tested species. Thus, the areal 
extent and concentration isopleths of the mixing zone must be 
such that the 1-hour average exposure of organisms passing 
through the mixing zone is less than the CMC. The organism 
must be able to pass through quickly or flee the high-concentra
tion area. The objective of developing water quality recommen
dations for mixing zones is to provide time-exposure histories that 
produce negligible or no measurable effects on populations of 
critical species in the receiving system. 

Lethality to passing organisms can be prevented in the mixing 
zone in one of four ways. The first method is to prohibit concen
trations in excess of the CMC in the pipe itself, as measured 
directly at the end of the pipe. As an example, the CMC should 
be met in the pipe whenever a continuous discharge is made to 
an intermittent stream. The second approach is to require that 
the CMC be met within a very short distance from the outfall 
during chronic design-flow conditions for receiving waters (see 
Section 4.4.2). 

If the second alternative is selected, hydraulic investigations 
and calculations indicate that the use of a high-velocity dis
charge with an initial velocity of 3 meters per second, or 
more, together with a mixing zone spatial limitation of 50 
times the discharge length scale in any direction, should 
ensure that the CMC is met within a few minutes under 
practically all conditions. The discharge length scale is defined 
as the square root of the cross-sectional area of any discharge 
pipe. 

A third alternative (applicable to any waterbody) is not to use a 
high-velocity discharge. Rather the discharger should provide 



data to the State regulatory agency showing that the most restric
tive of the following conditions are met for each outfall: 

• The CMC should be met within 1 0 percent of the distance 
from the edge of the outfall structure to the edge of the 
regulatory mixing zone in any spatial direction. 

• The CMC should be met within a distance of 50 times the 
discharge length scale in any spatial direction. In the case 
of a multipart diffuser, this requirement must be met for 
each port using the appropriate discharge length scale of 
that port. This restriction will ensure a dilution factor of at 
least 1 0 within this distance under all possible circum
stances, including situations of severe bottom interaction, 
surface interaction, or lateral merging. 

• The CMC should be met within a distance of five times the 
local water depth in any horizontal direction from any 
discharge outlet. The local water depth is defined as the 
natural water depth (existing prior to the installation of the 
discharge outlet) prevailing under mixing zone design con
ditions (e.g., low flow for rivers). This restriction will pre
vent locating the discharge in very shallow environments or 
very close to shore, which would result in significant surface 
and bottom concentrations. 

A fourth alternative (applicable to any waterbody) is for the 
discharger to provide data to the State regulatory agency show
ing that a drifting organism would not be exposed to 1-hour 
average concentrations exceeding the CMC, or would not receive 
harmful exposure when evaluated by other valid toxicological 
analysis, as discussed in Section 2.2.2. Such data should be 
collected during environmental conditions that replicate critical 
conditions. 

For the third and fourth alternatives, examples of such data 
include monitoring studies, except for those situations where 
collecting chemical samples to develop monitoring data would 
be impractical, such as at deep outfalls in oceans, lakes, or 
embayments. Other types of data could include field tracer 
studies using dye, current meters, other tracer materials, or de
tailed analytical calculations, such as modeling estimations of 
concentration or dilution isopleths. 

The Water Quality Criteria-1972 [11] outlines a method, appli
cable to the fourth alternative, to determine whether a mixing 
zone is tolerable for a free-swimming or drifting organism. The 
method incorporates mortality rates (based on toxicity studies for 
the pollutant of concern and a representative organism) along 
with the concentration isopleths of the mixing zone and the 
length of time the organism may spend in each isopleth. The 
intent of the method is to prevent the actual time of exposure 
from exceeding the exposure time required to elicit an effect [1 0]: 

I T (n) s 1 
ET(X) at C(n) 

where T(n) is the exposure time an organism is in isopleth n, and 
ET(X) is the "effect time." That is, ET(X) is the exposure time 
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required to produce an effect (including a delayed effect) in X 
percent of organisms exposed to a concentration equal to C(n), 
the concentration in isopleth n. ET(X) is experimentally deter
mined; the effect is usually mortality. If the summation of ratios of 
exposure time to effect time is less than 1, then the percent effect 
will not occur. 

4.3.4 PriiWintiDII of BIDact:llllllllatlon Problllms lor Human 
Health 

States are not required to allow mixing zones. Where unsafe fish 
tissue levels or other evidence indicates a lack of assimilative 
capacity in a particular waterbody for a bioaccumulative pollut
ant, care should be taken in calculating discharge limits for this 
pollutant or the additivity of multiple pollutants. In particular, 
relaxing discharge limits because of the provision of a mixing 
zone may not be appropriate in this situation. 

4.4 MIXING ZONE ANALYSES 

Proper design of a mixing zone study for a particular waterbody 
requires estimation of the distance from the outfall to the point 
where the effluent mixes completely with the receiving water. 
The boundary is usually defined as the location where the concen
trations across a transect of the waterbody differ by less than 5 
percent. The boundary can be determined based on the results of 
a tracer study or the use of mixing zone models. Both proce
dures, along with simple order-of-magnitude dilution calcula
tions, are discussed in the following subsections. 

If the distance to complete mixing is insignificant, then mixing 
zone modeling is not necessary and the fate and transport models 
described in Section 4.5 can be used to perform the WlA. It is 
important to remember that the assumption of complete 
mixing is not a conservative assumption for toxic discharges; 
an assumption of minimal mixing is the conservative ap
proach. If completely mixed conditions do not occur within a 
short distance of the outfall, the WlA study should rely on mixing 
zone monitoring and modeling. just as in the case of completely 
mixed models, mixing zone analysis can be performed using both 
steady-state and dynamic techniques. State requirements regard
ing the mixing zone will determine how water quality criteria are 
used in the TMDL. 

This section is divided into five subsections. The first discusses 
recommendations for outfall designs and means to maximize 
initial dilution. The second provides a brief description of the four 
major waterbody types and the critical design period when mix
ing zone analysis should be performed for each. The third pro
vides a brief description of tracer studies and how they may be 
used to define a mixing zone. The fourth and fifth subsections 
discuss simplified methods and sophisticated models to predict 
the two stages of mixing (i.e., discharge-induced and ambient
induced mixing). For a detailed explanation of the mechanisms 
involved in estimating both stages of mixing, two references are 
recommended, Holley and jirka [15] and Fischer et al. [16]. 
Although the models presented in Sections 4.4.4 and 4.4.5 sim
plify the mixing process, the assessor should have an understand
ing of the basic physical concepts governing mixing to use these 



models appropriately. (The U.S. EPA Center for Exposure Assess
ment Modeling [CEAM] in Athens, Georgia, provides an overview 
course that teaches the basics of mixing and how the basics 
should be used for water quality management.) 

It is important to note that the mixing zone models presented 
here attempt to predict the dispersion and dilution of the effluent 
plume. They do not attempt to predict any removal or transfor
mation of the pollutants. In the near field, dispersion and dilution 
caused by discharge-induced mixing and then ambient-induced 
mixing will be the major cause of toxicity reduction. If incomplete 
mixing persists downstream (such as in the case of shore hugging 
plumes), then some far-field processes will become important. 
Some of the models described in Section 4.5 that have sophisti
cated hydrodynamic simulation routines coupled with tate simu
lation routines may be used tor these far-field, incomplete mixing 
analyses. 

4.4.1 General Recommendations tor Outfall Design 
An important factor in maximizing the initial dilution of an efflu
ent is the design of the effluent outfall. There are three major 
types of outfall designs: surface discharge from free flows in a pipe 
or canal, single-port submerged discharge, and multiport sub
merged discharge. The last type is often referred to as multiport 
diffusers. Of the three, the surface discharge type is the least 
favorable tor toxic discharges since it otters the least initial mixing. 
In particular, surface discharges at the shoreline of a waterbody 
usually have an impact along the shoreline when there is signifi
cant cross-flow and thus yield high surface concentrations. 

Submerged discharges offer more flexibility in meeting the design 
goals tor toxic discharges. Submerged discharges may be in the 
form of a single pipe outlet or of multiport discharges (diffusers) 
giving rise to one or several submerged discharge jets. A typical 
diffuser section is illustrated in Figure 4-1 . Submerged discharges 
allow the effluent to be directed at different angles to the ambient 
flow to maximize the initial dilution. Diffusers are particularly 
effective in counteracting the buoyancy of the effluent. However, 
submerged multipart discharges are only feasible in waterbodies 
that are of sufficient depth and are not subjected to periodic 
dredging or to considerable scour or deposition. 

0.20 m x 0.15 m 
90' reducer elbow 

0.15 m cast-iron pipe 

) 6t= ""~-
Top of tremie \ 
encasement 

Flange 

I . 
Flange JOint 

,I 

I 
( 

0.45 m cast-iron blind 
flange with 0.15 m cast
iron trap at 1nvert 

0.15 m 90' elbow 

Bonom of tremie ./ 
encasement 

Figure 4-1. A Typical Diffuser Section [17] 

Many of the complexities of submerged diffusers have been 
summarized by Jirka [18], Holley and ]irka [ 15], and Roberts et at. 
[19, 20, 21 ]. Submerged discharges should be designed to avoid 
direct surface impingement and bottom attachment of the sub
merged jet or jets. Surface and bottom impacts should be 
evaluated at critical design conditions (low flow or high stratifica
tion) and at off-design conditions (higher flow or lower stratifica
tion) to ensure the best placement and design of the diffuser. 
Diffusers provide more dilution than single outlets, but the align
ment of the diffuser with the receiving water flow direction influ
ences how much dilution will be provided. If the outlet structure 
is directed parallel to the direction of flow, dilution under high 
ambient velocities (ott-design conditions) may be lower than 
under low velocities (critical design conditions). 

In rivers, the preferred arrangement for a submerged discharge is 
to direct the outlet into the current flow direction or vertically 
upward. To deal with the reversing currents of estuaries and 
coastal bays, the preferred arrangements for offshore discharges 
are parallel diffuser alignment (tee diffuser) and perpendicular 
diffuser alignment (staged diffuser) [18]. In lakes and reservoirs, 
the preferred arrangement for a negatively buoyant discharge is 
to direct the diffuser vertically upward. A positively buoyant, 
vertically directed jet could penetrate stratification, so the prefer
ence for this type of discharge is to orient the diffuser at a slight 
angle above the horizontal. For ocean outfalls, initial dilution is 
improved by longer (perpendicular to the shoreline) and deeper 
diffusers. Further, the ports of the diffuser should be sufficiently 
separated to minimize merging of the separate plumes [22]. 

4.4.2 Critical Design Periods tor Waterllodies 
This section provides a brief description of the four major waterbody 
types and defines the critical design periods that should be used 
when performing mixing zone analyses in each of these waterbody 
types. Appendix D provides a further discussion on the appropri
ate selection of design periods. 

1) Rivers and Run-of-River Reservoirs 

Rivers and run-of-river reservoirs are waterbodies that have a 
persistent throughflow in the downstream direction and do not 
exhibit significant natural density stratification. Recommenda
tions for hydrologically based and biologically based design flows 
for completely mixed, steady-state modeling of rivers are de
scribed in Appendix D of this document. The biologically based 
design flows are determined using the averaging periods and 
frequencies specified in water quality criteria [8]. Also, the hydro
logically based flows 1 Q1 0 and 7Q1 0 for the CMC and CCC, 
respectively, have been used traditionally and may continue to be 
used for steady-state modeling. Run-of-river reservoirs with resi
dence times less than 20 days at critical conditions also should be 
analyzed using biologically or hydrologically based design flows 
(see below). Regulated rivers may have a minimum flow in excess 
of these toxicological flows. In such cases, the minimum flow 
should be used in TMDL modeling. 

2) lakes and Reservoirs 

This receiving water category encompasses lakes and reservoirs 
with residence times in excess of 20 days at critical conditions 



[23]. Seasonal variations in the water level, wind speed and 
direction, and seasonal solar radiation should be determined to 
define the critical period [23]. In the case of long and narrow 
reservoirs, areas above the plunge point (i.e., areas where no 
stream-like flow is present and waters are mixed or stratified by 
density) can be analyzed as rivers. The areas below can be 
analyzed as reservoirs. Since effluent density relative to the ambi
ent water can vary over seasons, no one season or stratification 
condition can be selected as the most critical dilution situation for 
all cases. In general, all four seasons should be analyzed to 
determine the most critical periods for mixing zone analyses. All 
seasonal analyses should assume an ambient velocity of zero 
unless persistent currents have been documented. Special atten
tion should be given to periods of rising water level since pollut
ants can move back into coves and accumulate under these 
conditions. Location of discharges in coves and dead-end 
embayments should be prevented whenever possible. 

3) Estuaries and Coastal Bays 

This receiving water category encompasses estuaries, which are 
defined as having a main channel reversing flow, and coastal 
bays, which are defined as having significant two-dimensional 
flow in the horizontal directions. For both waterbodies, the 
critical design conditions recommended here are based on astro
nomical, not meteorological, tides. 

Determining the nature and extent of the discharge plume is 
complicated in marine systems by such conditions as differences 
in tides, riverine input, wind intensity and direction, and thermal 
and saline stratification. Because of the tidal nature of the estuar
ies and coastal systems and their complex circulation patterns, 
dilution of discharges cannot be determined simply by calculating 
the discharge rate and the rate of receiving water flow (i.e., the 
design flow). For example, tidal frequency and amplitude vary 
significantly in different coastal regions of the United States. 
Furthermore, tidal influences at any specific location have daily 
and monthly cycles. These and additional factors require that 
direct, empirical steps be taken to ensure that basic dilution 
characteristics of a discharge to salt water are determined. 

In estuaries without stratification, the critical dilution condition 
includes a combination of low-water slack at spring tide for the 
estuary and design low flow for riverine inflow. In estuaries with 
stratification, a site-specific analysis of a period of minimum strati
fication and a period of maximum stratification, both at low
water slack, should be made to evaluate which one results in the 
lowest dilution. In general, minimum stratification is associated 
with low river inflows and large tidal ranges (spring tide), whereas 
maximum stratification is associated with high river inflows and 
low tidal ranges (neap tide). 

After either stratified or unstratified estuaries are evaluated at 
critical design conditions, an off-design condition should be 
checked. The off-design condition (e.g., higher flow or lower 
stratification) recommended for both cases is the period of maxi
mum velocity during a tidal cycle. This off-design condition 
results in greater dilution than the design condition, but it causes 
the maximal extension of the plume. Extension of the plume into 
critical resource areas may cause more water quality problems 
than the high-concentration, low-dilution situation. 
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Recommendations for a critical design for coastal bays are the 
same as for stratified estuaries. The period of maximum stratifica
tion must be compared with the period of minimum ~tratification 
in order to select the worst case. The off-design condition of 
maximum tidal velocity should also be evaluated to predict the 
worst-case extent of the plume. 

4) Oceans 

Critical design periods for ocean analyses are described in two 
separate documents, the Section 301 (h) Technical Support Docu
ment [22] and the Section 301 (h) document, Initial Mixing Char
acteristics of Municipal Ocean Discharges [24]. The following sub
section contains a summary from these documents. Like dis
charges to estuaries, discharges to ocean waters are subject to 
two-dimensional horizontal flows. Oceanic critical design periods 
must include periods with maximum thermal stratification, or 
density stratification. These periods shorten the distance of verti
cal diffusion that occurs in the zone of initial dilution. Thus, 
during these periods it is difficult to achieve the recommended 
1 00-to-1 dilution that is to occur before the plume begins a 
predominantly horizontal flow as compared to vertical flow. Peri
ods when discharge characteristics, oceanographic conditions 
(spring tide and neap tide currents), wet and dry weather periods, 
biological conditions, or water quality conditions that indicate 
that water quality standards are likely to be exceeded should also 
be noted. The 1Oth percentile value from the cumulative fre
quency of each parameter should be used to define the period of 
minimal dilution. 

4.4.3 SsneraiiiBcolllmiHidatiDns for Tracer Studies 
A tracer or dye study can be used to determine the areal extent of 
mixing in a waterbody, the boundary where the effluent has 
completely mixed with the ambient water, and the dilution that 
results from the mixing. Analysis of the mixing zone with a dye 
study that is supplemented with modeling should be performed 
at flow conditions that approach critical flow. Some of those 
design conditions are summarized above in the subsections deal
ing with specific waterbodies. Once the critical design condition 
has been selected for a waterbody, dye studies can be performed 
to provide data on the dimensions and dilution of the wastewater 
plume during this critical period. Tracer studies other than dye 
studies (e.g., chloride, lithium) can be performed for cases in 
which the receiving water is amenable to such tests. 

For WLA studies in which a discharge is already in operation, 
tracer studies can be used to determine specific concentration 
isopleths in the mixing zone that reflect both discharge-induced 
and ambient-induced mixing. The isopleth concentrations, with 
effluent toxic concentrations, should be superimposed over a 
map of the various resource zones of the waterbody. The map 
will illustrate whether the State's mixing zone dimensions are 
exceeded, whether the required zone of passage is provided, and 
whether the plume avoids critical resource areas. The WLA can 
then be calculated to provide the appropriate zone of passage 
and to prevent detrimental impacts on spawning grounds, nurs
eries, water supply intakes, bathing areas, and other important 
resource areas. 

Obviously, if the outfall is not yet in operation, it is impossible to 
determine discharge-induced mixing by tracer studies. Tracer 



studies can be used in these situations to determine characteristics 
of the ambient mixing. For ambient mixing studies, the tracer 
release can be either instantaneous or continuous. Instantaneous 
releases are used frequently to measure longitudinal dispersion, 
but can also be used to determine lateral mixing in rivers [15] and 
lateral and vertical mixing in estuaries, bays, reservoirs, and lakes. 
For waterbodies with significant flow velocities, continuous re
leases of tracer are normally used to determine lateral and vertical 
mixing coefficients. Continuous releases can also be used to 
determine three-dimensional concentration isopleths for steady
state conditions. The tracer study must be made at critical design 
conditions in order to use the results directly for WL.As. If a tracer 
study for ambient mixing is conducted at near-to-design condi
tions, the observed data can be used to determine dimensionless 
mixing coefficients. These coefficients can then be extrapolated 
to critical conditions using hydraulic parameters [15]. A tracer 
study at near-to-critical conditions also can be used to determine 
the computer model required to predict critical-condition mixing 
and provide the coefficients needed for that TMDL model. 

A number of references provide information concerning the de
sign, conduct, and analysis of tracer studies for mixing analyses. 
Techniques of Water-Resources Investigations of the USGS provides 
the best overview of how to conduct tracer studies [25, 26, 27]. 
The fluorescent dyes (usually Rhodamine WT), measuring equip
ment, fluorometers, field and laboratory procedures, and calcula
tion methods are all discussed. The procedures essentially consist 
of adding dye to the waterbody and recording concentrations of 
the dye at various stations at specific time intervals. Examples of 
tracer studies for river systems are presented in Fischer [28]; Kisiel 
[29]; Holley and Jirka [1 5]; and Yotsukura, Fisher, and Sayre [30]. 
Examples of tracer studies in tidal systems are presented in Wilson, 
Cobb, and Yotsukura [31) and Hetling and O'Connell [32], both 
of which are studies of the Potomac River estuary; Baily [33], a 
study of Suisun Bay in California; Fischer [34], a study of Bolinas 
Lagoon, a coastal bay in Marin County, California; and Crocker et 
al. [35], a study of Corpus Christi Bay, Texas. Methods to perform 
a tracer study in a reservoir are provided in johnson [36]. 

The dye study recommended for obtaining a quick saltwater 
dilution assessment is one in which Rhodamine WT dye is admin
istered to a discharge and monitored in the receiving waters for 
not less than 24 hours. The basic goal of this study is to determine 
the near-field nature of the effluent dilution, not the steady-state 
or far-field dilution. The environmental and discharge conditions 
selected for the study should be those that would elicit "worst
case" conditions (i.e., highest ambient concentrations in the re
ceiving water). These include low wind, neap tide (tide of mini
mum range occurring during the 1st and 3rd quarters of the 
moon), plume trapping by density stratification, low rainfall and 
low riverine input, and, it possible, high effluent discharge. 

The dye should be administered to the effluent before discharge 
to the receiving water in proportion to effluent flow rate. Dye 
should be maintained at a concentration in the effluent sufficient 
to permit detection of the dilution ratio of interest when the 
amount and variability of background fluorescence in the receiv
ing water are taken into account. Measurements of dye concen
tration are made using a fluorometer and should be corrected for 
water temperature. 
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A survey of background fluorescence and its variability in the 
anticipated mixing zone must be conducted just prior to the 
beginning of the study in order to permit correction of fluores
cence data and to determine the dye concentration required in 
the effluent. Since Rhodamine WT dye is bleached by free chlo
rine, a preliminary study of the degree of dye bleaching by the 
effluent should precede the study for chlorinated discharges to 
avoid underestimation of the extent of the mixing zone. Dye 
concentrations should be surveyed for two successive slack tides, 
and for any other conditions that could lead to concentration 
maxima. Surveys should extend from the point of discharge to a 
distance at which the effluent dilution ratio of interest is attained. 
The dye fluorescence at this point should be at least twice the 
variability in background fluorescence. 

EPA has completed two TMDL studies to test the procedures 
outlined in the previous version of this document. Both studies 
used dye to determine the mixing zone and the dilution within it. 
The first study was performed on the Amelia River, an estuarine 
system in Florida [2]; the second was performed on the Green
wich Cove, an embayment of Narragansett Bay in Rhode Island 
[37]. In both studies, Rhodamine WT dye was introduced con
tinuously into the effluent and numerous stations were set up to 
measure the spatial and temporal distribution of the dye. Both 
studies are good examples of how to perform a dye study in 
complex tidal systems. 

4.4.4 Discharge-induced Mixing 
The first stage of mixing is controlled by discharge jet momentum 
and buoyancy of the effluent (see Figure 4-2). This stage gener
ally covers most of the regulatory or near-field mixing zone. It is 
particularly important in lakes and reservoirs and slow moving 
rivers since ambient mixing in those waterbodies is minimal. 

In shallow environments, it is important to determine whether 
near-field instabilities occur. These instabilities, associated with 
surface and bottom interaction and localized recirculation cells 
extending over the entire water depth, can cause buildup of 
effluent concentrations by obstructing the effluent jet flow. There 
are no simple means to estimate dilution in these cases. Criteria 
for these instabilities and specialized predictive models have been 
developed to address these problems [13]. 

In the absence of near-field instabilities, horizontal or nearly hori
zontal discharges will create a clearly defined jet in the water 
column that will initially occupy only a small fraction of the 
available water depth. The following equations and models are 
designed to describe mixing under stable near-field conditions. 

1) Use of a Simplistic Screening Equation 

A minimum estimate of the initial dilution available in the vicinity 
of a discharge can be made using the following equation derived 
from information in Holley and jirka (1986) [15]: 

where 
s 
X 

d 

X s = 0.3 d 

flux-averaged dilution 
distance from outlet 
diameter of outlet. 
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Figure 4-2. Example of Discharge-Induced Mixing [7] 

The coefficient 0.3 represents the average of two values derived 
from the literature, 0.28 (16] and 0.32 [38]. 

The equation provides a minimum estimate of mixing because it 
is based on the assumptions that outlet velocity is zero and the 
discharge is neutrally buoyant. Dilution may be underestimated 
for partially full pipes because the equation assumes a fully flow
ing pipe. The equation can be used in inverse form to solve for 
the discharge x at which a desired solution-for example, that 
corresponding to the CMC-has been achieved. The equation is 
valid only close to the discharge, up to a distance corresponding 
to several (two to three) water depths. At longer distances, other 
factors are of increasing importance in jet mixing and must be 
included. 

Mixing graphs that include the effects of discharge buoyancy, 
ambient velocity, and stratification can be found in Holley and 
Jirka [15], Fischer et al. (16], and Wright (39]. They are useful to 
account for these other initial dilution factors and can aid in 
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determining whether criteria will be met at the edge of the 
regulatory mixing zone. 

2) Use of Detailed Computer Models 

More detailed design data for the mixing zone can be obtained 
from the use of computer models based on integral jet tech
niques. It is important to note that most models represent an 
idealization of actual field conditions and must be used with 
caution to ensure that the underlying model assumptions hold for 
the site-specific situation being modeled. In general, these buoy
ant jet models require the following input data: discharge depth, 
effluent flow rates, density of effluent, density gradients in receiv
ing water, ambient current speed and direction, and outfall char
acteristics (port size, spacing, and orientation). Model output 
includes the dimensions of the plume at each integration step, 
time of travel to points along the plume centerline, and the 
average dilution at each point. 

Described below are six mixing zone models that are available 
through EPA. All of the models require a user who is well versed in 
mixing concepts and the data necessary to run the models. The 
first model, CORM IX [ 40, 41], may be the most useful to regula
tors since it is an expert system that guides the user in selecting an 
appropriate modeling strategy for rivers or estuaries. It is available 
from the National Technical Information Service (NTIS), and user 
support is available from the U.S. EPA CEAM. The other models 
were developed and designed for ocean discharges. All but one 
can be used on rivers, lakes, and estuaries with appropriate input 
modifications; UPLUME is restricted to stagnant water environ
ments where the ambient water current velocity is zero (e.g., 
lakes, reservoirs). 

These five models were designed for submerged discharges in 
oceans. They all report dilution, and all terminate execution 
when the vertical ascent of the plume is zero (e.g., when the 
plume reaches the surface or when plume density is equal to 
ambient density in some stratified systems). With the exception 
of CORMIX1, they all assume that there is a "deep" receiving 
stream (i.e., no bottom interference). They too are available from 
NTIS, and user support is provided by the U.S. EPA Hatfield 
Marine Science Center in Newport, Oregon [24]. These five 
models have been modified such that the user inputs the data 
into a universal data format that allows the user to apply any of 
the five models with only minor input changes. 

• CORM IX is a series of software elements for the analysis and 
design of a submerged buoyant or nonbuoyant discharge 
containing conventional or toxic pollutants and entering 
into stratified or unstratified watercourses, with emphasis 
on the geometry and dilution characteristics of the initial 
mixing zone. Subsystem CORMIX1 deals with single-port 
discharges, and subsystem CORMIX2 addresses multipart 
diffusers. The system operates on microcomputers with the 
MS-DOS operating system. CORMIX1 can summarize dilu
tion characteristics of the proposed design, flag undesirable 
designs, give dilution characteristics at specified boundaries 
(i.e., legal and toxic mixing zones) and recommend design 
alterations to improve dilution characteristics. The CORMIX1 
program guides the user, based on the user's input, to 



appropriate analyses of design conditions and mixing zone 
dimensions. 

• UPLUME is an initial dilution model that can be used for 
stagnant waterbodies, such as lakes and reservoirs, where 
the ambient currents can be assumed to be zero. The 
model simulates a submerged single-port discharge. The 
bouyancy between the effluent and ambient water can be 
accounted for, and the discharge can be given a vertical 
angle. UPLUME calculates flux-averaged dilutions and, for 
one output option, a centerline dilution. 

• UOUTPLM can be used in flowing and stagnant waterbodies. 
The user specifies the current speed of the ambient water, 
and this speed is assumed to be constant with depth. The 
model simulates a submerged single-port discharge. Buoy
ancy between the effluent and ambient water can be mod
eled, as well as the discharge vertical angle. The ambient 
current is assumed to be perpendicular to the diffuser. 

• UMERGE is a model that can also be used for both flowing 
and stagnant waters. It has capabilities that UOUTPLM 
does not have: it considers multiple submerged ports, and 
the user can specify arbitrary ambient current speed varia
tions with depth. The ports are assumed to be equally 
spaced. The model accounts for adjacent plume interfer
ences over the course of the plume trajectory and in the 
subsequent dilution calculation. Positive buoyancy is ac
counted for, and the discharge vertical angle can be modi
fied. The ambient current is assumed to be perpendicular 
to the diffuser. 

• UDKHDEN is a three-dimensional model that can be used 
for flowing and stagnant waterbodies. It has all the capa
bilities of UMERGE plus the ability to simulate instances 
where the ambient current flow is not perpendicular to the 
diffuser. 

• ULINE models a vertical slot jet discharge into a flowing 
waterbody. The discharge angle is assumed to be perpen
dicular to ambient current. The ambient current may vary 
with depth, and the axis of the diffuser may range from 
parallel to perpendicular to the ambient current. The buoy
ancy of the effluent can also be modeled. 

An evaluation and comparison of all these models can be found in 
the Technical Guidance Manual for Performing Wasteload Alloca
tions-Book 3, Estuaries [7]. 

4.4.5 Amblent-lnduciHI Mixing 

The equations for discharge-induced mixing can be used to pre
dict concentrations in the regulatory mixing zone where strong 
jet mixing predominates over ambient mixing. Beyond this point, 
the mixing is controlled by ambient turbulence. Thus, ambient 
mixing models must be used to predict the pollutant concentra
tion distributions up to the stage of complete lateral mixing to 
provide boundary conditions for the completely mixed fate and 
transport models described in Section 4.5. This information also 
may be needed to estimate concentrations encountered at impor
tant resource areas or at subsequent downstream dischargers. 
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If there is no discharge-induced vertical mixing associated with 
the jet action of the discharge, then mixing over the depth of the 
waterbody must be accomplished by ambient mixing. For a 
neutrally buoyant, soluble effluent discharged with low velocity at 
the surface or at the bed of a stream, the flow distance required to 
achieve complete vertical mixing is on the order of 50 to 1 00 
times the depth of water in that portion of the channel where the 
effluent is discharged [42]. For a discharge that is either lighter 
(positively buoyant) or heavier (negatively buoyant) than the 
ambient water, but still has no excess momentum, the flow 
distance for mixing over the depth will be greater. In the normal 
case with a high-velocity jet designed to prevent lethality in the 
mixing zone, mixing over the depth will be accomplished prima
rily by jet action, and the distance required for this vertical mixing 
will be much shorter. 

In general, ambient mixing must also accomplish mixing over the 
width of a waterbody to bring the effluent to the completely 
mixed condition. For situations where the width of the zone that 
is mixed by the discharge-induced mixing is much smaller than 
the width of the river, the flow distance (Xm) required to achieve 
the completely mixed condition may be estimated from an equa
tion of the form [1 6]: 

where 
w = 
u 
Dy = 
m = 

width of the river 
flow velocity for the critical design flow 
lateral dispersion coefficient as discussed below 
a parameter whose value depends on the degree of 
uniformity used to define "complete mixing" and 
on the transverse location of the outfall in the 
stream. 

If completely mixed conditions are defined as a 5-percent varia
tion in concentration across the stream width, the value of m 
would be approximately 0.1 for a discharge near the center of 
river flow (not the center of river width) and approximately 0.4 for 
a discharge near the edge of the river. If, because of other 
uncertainties, a 25-percent variation across the width is accepted 
as being completely mixed, then the corresponding values for m 
would be approximately 0.06 for a discharge near the center of 
river flow and approximately 0.24 for a discharge near the edge of 
the river. For a very small stream, Xm may be only a few hundred 
feet; for medium and large streams, Xm is normally several miles 
to several tens of miles. 

The lateral dispersion coefficient (Dy) for most rivers can be 
calculated with the following equation [ 16]: 

where 
d 
u* = 

Dy = 0.6 du* t 50% 

water depth at design flow 
shear velocity. 

The coefficient (0.6) can vary from 0.3 to above 1.0 depending 
on the type and degree of irregularity of the channel cross
sections. The more straight and uniform the flow, the lower the 



value; the more irregular the flow (resulting from curves, sidewall 
interference, etc.), the higher the value. Values approaching and 
exceeding 1 .0 are normally associated with significant channel 
meandering [42). The following equation for shear velocity should 
be used [16]: 

u" = (gds) l/2 
where 

g = acceleration due to gravity 
s slope of the channel 
d water depth. 

For diffusers that initially spread the discharge across a significant 
part of the river width or for cases where the discharge-induced 
mixing causes mixing across a significant part of the river width, 
the values of m and Xm can be smaller than the ones indicated 
here. For distances greater than Xm, the models for completely 
mixed effluents discussed in Section 4.5 can be used to calculate 
concentrations at these distances. For shorter distances, maxi
mum concentrations can be much greater than those predicted 
by "completely mixed" models and should be estimated using 
the following equation: 

where 
Cx = 

Ce = 
Oe = 
Os = 
Dy = 
X 
w 
u 

C _ CeOeW 
x - Q

5
(7tDyX/u) 112 

maximum pollutant concentration distance x from 
the outlet 
effluent concentration 
design effluent flow 
design stream flow 
lateral dispersion coefficient 
distance from the outlet 
stream width 
flow velocity for the design flow. 

It should be noted that this estimate of Cx is a worst-case predic
tion since the equation assumes no significant discharge-induced 
mixing and a neutrally buoyant effluent. A more accurate way to 
predict concentrations within this second stage of mixing is to use 
the methods of Yotsukura and Sayre [42]. To use this approach, 
however, the value of Dy and pollutant concentrations after dis
charge-induced mixing must be known from tracer studies and/ 
or from the use of one of the discharge-induced models. 

The PSY model can be used to predict ambient mixing in shallow, 
freshwater streams where water depth is small in proportion to 
the width. PSY is a steady-state, two-dimensional plume model 
that predicts dilution of a surface discharge into a shallow receiv
ing water where the plume attaches to both bottom and nearshore 
(43]. Uniform vertical mixing is assumed to occur at the point of 
discharge. 

Ambient mixing is minor for lakes and reservoirs because flow 
velocity is assumed to be minimal and mixing is accomplished by 
means of the discharge momentum and buoyancy. For estuaries 
that are completely mixed with regard to salinity, the equations 
presented above can be used to estimate concentrations between 
the outlet and the point of complete mixing with a slight modifi
cation of shear velocity. The above equations will be applicable to 
only unstratified estuaries since the time required to mix across 
the estuary must be significantly less than the time required for 

78 

the effluent to pass out of the unstratified part of the estuary, the 
time required for the effluent to pass into a segment of greatly 
changed cross-section, or the time required for the substance to 
decay. When the above equations for estuaries are used, the 
velocity of the design flow should include the velocity associated 
with the inflow of freshwater as well as the tidal velocity; thus Ut, 

which is based on an average total velocity; is substituted for u in 
the equations and shear velocity becomes 

u" = 0.10 Ut· 

The CORMIX expert system model can also be used to obtain 
predictions for the ambient-induced mixing. In addition to the 
routines for discharge-induced mixing, this model also includes 
predictive elements that apply to ambient mixing in riverine, lake, 
or coastal situations. 

4.5 COMPLETELY MIXED DISCHARGE RECEIVING WATER 
SITUAnONS 

At the present time, most States and EPA Regions use steady-state 
models that assume the wastewater is completely mixed with the 
receiving waters in order to calculate WLAs for contaminants. 
This approach is appropriate tor conventional contaminants where 
critical environmental effects are expected to occur far down
stream from the source. WLAs for toxic chemicals require a 
different approach, however, because critical environmental con
ditions occur near the discharge before complete mixing with the 
receiving water occurs. Consequently, mixing analyses should be 
performed because many of these toxicants can exert maximal 
toxicity in a variety of regions spanning from the discharge point 
to significant distances downstream. 

If complete mixing occurs near the discharge point, such as in 
effluent-dominated receiving streams, then steady-state models 
may be used to calculate TMDLs. Recent EPA developments in 
the identification of critical design flows based on toxicological 
concerns provide for better use of steady-state models in calculat
ing toxic WLAs. However, if complete mixing does not occur near 
the discharge point and the effluent plume is discernible downriver, 
then modeling techniques that can simulate and predict mixing 
conditions are more appropriate. The mixing zone models pre
sented in the previous section may be used to define the mixing 
zone. However, they only determine the dispersion and dilution 
of the effluent and do not account for chemical or biological 
processes in the mixing zone. TMDL models are available that 
can simulate mixing processes and predict areas of maximal 
concentrations in the receiving stream based on chemical, bio
logical, and physical processes. 

4.5.1 Wasfi/Dlld Mtlllellng Techniques 
1) Steady-State Modeling Techniques 

A steady-state model requires single, constant inputs for effluent 
flow, effluent concentration, background receiving water concen
tration (RWC), receiving water flow, and meteorological condi
tions (e.g., temperature). The frequency and duration of ambient 
concentrations predicted with a steady-state model must be as
sumed to equal the frequency and duration of the critical receiv-



ing water conditions used in the model. The variability in effluent 
flows and concentrations also affects RWCs, but these effects 
cannot be predicted with constant inputs. Steady-state models 
can be improved for toxic WL.As by means of the following: 

• Using design flows that will ensure criteria compliance at 
the appropriate duration and frequency. 

• Calculating both acute and chronic WL.As. 

EPA is encouraging the States to adopt two-number aquatic life 
water quality criteria and is using them in WLA studies. Ambient 
water quality criteria have been established for numerous toxic 
pollutants. These criteria specify an acute concentration (CMC) 
and a chronic concentration (criteria continuous concentration, 
or CCC) for each toxicant, as well as durations and frequencies of 
exposure for the two concentration levels. The design flows used 
in steady-state modeling should be reflective of the CCC and 
CMC durations and frequencies. The duration of the design flow 
is based on the maximum exposure time that will prevent acute 
and chronic effects. The duration of flow is assumed to apply to 
the duration of the allowable effluent concentration or load. For 
example, if the flow used is a 7-day average value, the allowable 
load is considered to be a 7-day average. The return frequency is 
based on the number of years required for biological population 
recovery after criteria have been exceeded. Appendix D describes 
the toxicological basis for selecting receiving stream design flows 
for steady-state modeling and recommends specific design flows 
for CCC and CMC calculation of TMDls for rivers and streams. 

In summary, there are two types of design flows, hydrologically 
based and biologically based. The hydrologically based design 
flows are those traditionally used by the States, in which the 7Q1 0 
flow is used as the CCC design flow and the 1 Q1 0 is used as the 
CMC design flow. The biologically based method uses the 1-day, 
3-year duration-frequency for determining the CMC design flow 
and the 4-day, 3-year duration-frequency for determining the 
CCC design flow. Consequently, the biologically based design 
flows are based on specific toxicological effects of a pollutant and 
biological recovery times from localized stresses [6]. The advan
tages of both types, as well as how they may be calculated, also 
are described in Appendix D. 

A 4-day, 3-year biological design flow does not equate to a 4Q3 
hydrological design flow. EPA has determined that a 4Q3 design 
flow would result in an excessive number of water quality criteria 
exceedances. As explained in Appendix D, a hydrologically based 
7Q1 0 will, for most streams, be similar to a biologically based 4-
day, 3-year design flow. 

At the present time, there are no recommended toxicological 
flows for steady-state modeling of lakes, reservoirs, or estuaries. 
The design conditions recommended for these waterbodies in 
Section 4.4 .2 are based on hydrological and meteorological con
ditions rather than on toxicological duration and frequency data. 
These conditions should be used until further guidance is pro
vided. 

Another improvement in steady-state taxies modeling can be 
realized by performing two separate WL.As, one for the CMC and 
one for the CCC. Steady-state WLA models should be used to 
calculate the allowable effluent load that will meet the CMC at the 
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acute design flow and the allowable load that will meet the CCC 
at the chronic design flow. Calculation of these values will enable 
the permit writer to calculate the more limiting long-term average 
(LTA) for the treatment system and develop permit limits protec
tive of both WL.As (see Chapter 5). 

In addition to stream design flow, steady-state models require 
design temperature, pH, alkalinity, and hardness, depending on 
the pollutants modeled at site-specific conditions. To determine 
stream design temperature, pH, alkalinity, and hardness, a pro
gram called DESCON was developed. (See Appendix D for 
additional information.) DESCON is a computer program that 
estimates design conditions for WLA modeling. These conditions 
are based on maintaining a desired limit on the frequency of 
water quality excursions in a receiving water. DESCON considers 
the effect that daily fluctuations in stream flow and water quality 
conditions, such as temperature and pH, have on the variability of 
the capability of a receiving water to accept pollutant loadings. It 
specifically accounts for the within-year correlations observed 
between such variables as stream flow, temperature, pH, alkalin
ity, hardness, and dissolved oxygen. DESCON determines design 
conditions using a four-step process (see Figure 4-3): · 

1) A long-term record of observed stream flows and pertinent 
water quality data are assembled or synthesized. 

2) The maximum allowable pollutant load that the receiving 
water can accept without causing a water quality excursion 
is computed for each day of this record. 

3) This synthesized record of allowable loads is searched for 
the critical load, i.e., the load whose frequency of not being 
exceeded matches the desired water quality excursion fre
quency. 

4) Design conditions are then derived from receiving water 
conditions realized during the period of record when the 
computed allowable load was closest to the critical toad. 

DESCON provides the same advantages as continuous simulation 
by considering the joint occurrences of stream flow and other 
water quality parameters as observed in the historical record. In 
addition, it is more computationally efficient; it contains a facility 
for extracting and analyzing flow and water quality data from 
STORET; it can use both the extreme value and the biologically 
based methods of calculating of water quality excursions; and it is 
specifically designed to handle such pollutants as ammonia, heavy 
metals, pentachlorophenol, and biochemical oxygen demand 
(BOD) for which water quality criteria are functions of such design 
condition variables as temperature, pH, alkalinity, hardness, and 
dissolved oxygen. The main limitations of DESCON are that it 
requires at least 1 0 years of historical daily flow data and it can 
only analyze a single discharger, edge-of-mixing zone situations 
(or a simplified Streeter-Phelps dissolved oxygen response for 
BOD). 

2) Dynamic Modeling Techniques 

Steady-state modeling considers only a single condition; effluent 
flow and loading are assumed to be constant. The impact of 
receiving water flow variability on the duration for which and 
frequency with which criteria are exceeded is implicitly included 
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Figure 4-3. Computational Scheme for Deriving Design Conditions 

in the design conditions if these conditions reflect the desired 
toxicological effects regime. Dynamic modeling techniques ex
plicitly predict the effects of receiving water and effluent flow and 
of concentration variability. The three dynamic modeling tech
niques recommended by EPA for Wl.As are continuous simulation, 
Monte Carlo simulation, and lognormal probability modeling. 
These methods calculate a probability distribution for RWCs rather 
than a single, worst-case concentration based on critical condi
tions. Prediction of complete probability distributions allows the 
risk inherent in alternative treatment strategies to be directly 
quantified. 

The use of probal"ility distributions in place of worst-case condi
tions has been accepted practice for years in water resource 
engineering, where it was found to produce more cost-effective 
design of bridge openings, channel capacities, floodplain zoning, 
and water supply systems. The same cost-effectiveness can be 
realized for pollution controls if probability analyses are used. 
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The dynamic modeling techniques have an additional advantage 
over steady-state modeling in that they determine the entire 
effluent concentration frequency distribution required to produce 
the desired frequency of criteria compliance. Maximum daily and 
monthly average permit limits can be obtained directly from the 
effluent L T A concentration and coefficient of variation (CV) that 
characterize this distribution. Generally, steady-state modeling 
has been used to calculate only a chronic WLA. Steady-state 
modeling generates a single allowable effluent value and no 
information about effluent variability. If the steady-state model is 
used to calculate both acute and chronic wasteloads, limited 
information will be provided and the entire effluent distribution 
will not be predicted. Steady-state WLA values can be more 
difficult to use in permits and enforcement because of the variable 
nature of the receiving waterbody and the effluent. The outcome 
of probabilistic modeling can be used to ensure that permit limits 
are determined based on best probability estimates of RWCs 
rather than a single, worst-case condition. As a result, maximum 
daily and monthly average permit limits, based on compliance 



with water quality criteria over a 3-year period, can be obtained 
directly from the probability distribution. 

Continuous Simulation Models. As shown in Figure 4-4, a 
continuous simulation model uses daily effluent flows (0e) and 
concentration data (Ce) with daily receiving water flow (Q5) and 
background concentration data (C5) to calculate downstream 
RWCs (44). The model predicts these concentrations in chrono
logical order with the same time sequence as the input variables 
(Cb versus time). The daily RWCs can then be ranked from the 
lowest to the highest without regard to time sequence. A prob
ability plot can be constructed from these ranked values, and the 
occurrence frequency of any 1-day concentration of interest can 
be determined (Cb versus frequency). Running average concen
trations for 4 days (i.e., the chronic design flow), or for any other 
averaging period, also can be computed from the daily concen
trations (Figure 4-5). 

The probability plot generated by the continuous simulation model 
using existing effluent data will indicate whether criteria are pre
dicted to be exceeded more frequently than desired. Appendix 0 
discusses how to select the appropriate allowed frequency of 
excursions based on the biological recovery period required for a 
specific waterbody. If recurrence intervals of 10 or 20 years are 
desired, at least 30 years of flow data should be available to 
provide a sufficient record to estimate the probability of such rare 
events. Of the 30 years of required flow data, at least 20 to 25 
years should be continuous daily data, with the remaining years 
represented with only intermittent data. The data should be 
examined to verify that the receiving stream has not undergone 
significant hydrological modification. The data also should be 
examined to determine if there were any long-term changes due 
to technology-based treatment or periodic changes due to indus
trial or municipal plant closings or expansions. The same data 
requirements are also true for the lognormal probabilistic and 
Monte Carlo methods. However, except for the continuous 
simulation models, other nonsteady-state models in this section 
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cannot be used to account for the duration and frequency provi
sion of the two-number water quality criteria. Users are cautioned 
about the specific limitations of some of the dynamic models 
included here. Continuous simulation models have the following 
advantages compared to steady-state formulations: 

• The frequency and duration of toxicant concentrations in a 
receiving water can be predicted. 

• The cross-correlation and interaction of time-varying pH, 
flow, temperature, pollutant discharges, and other param
eters are incorporated. 

• The effect that the serial correlation of daily flows and other 
parameters has on the persistence of criteria excursions is 
incorporated. 

• Long-term stream flow records for ungauged rivers using 
precipitation and evapotranspiration data can be synthe
sized. 

• Long simulation times can prevent the initial conditions 
used in the model from affecting the calibration of fate and 
transport processes. 

Unlike steady-state models, continuous simulation models require 
significantly more data to apply, to calibrate, and/or to verify a 
specific problem and require that input information for the appli
cation of the model be time-series data. Also, the model results 
need manipulation to calculate the effluent L TA concentration 
and 0/ for use in developing effluent limits. 

Monte Carlo Simulation Models. Monte Carlo simulation com
bines probabilistic and deterministic analyses since it uses a fate 
and transport mathematical model with statistically described 
inputs. Monte Carlo simulations have been the most frequently 
used approach in stochastic water quality studies [45-51). The 
probability distributions of effluent flow, effluent concentration, 
and other model input must be defined using the appropriate 
duration for comparison to the CMC and CCC. If 1-day average 
RWCs must be predicted for CMC comparisons, probability distri
butions of daily model input data are needed for Monte Carlo 
simulation. If 4-day average concentrations must be predicted for 
CCC comparisons, the probability distributions of 4-day average 
input data are required. The computer selects input values from 
these distributions using a random generating function. The fate 
and transport model is repetitively run for a large number of 
randomly selected input data sets. The result is a simulated 
sequence of RWCs. These concentrations do not follow the 
temporal sequence that is calculated with the continuous simula
tion model, but they can be ranked in order of magnitude and 
used to form a frequency distribution. Monte Carlo analyses can 
be used with steady-state or continuous simulation models [52). 

The approach for calculating the allowable pollutant load distri
bution using Monte Carlo simulation is the same as that described 
for the continuous simulation model. The advantages of Monte 
Carlo simulation are the following: 

• It can predict the frequency and duration of toxicant con
centrations in a receiving water. 



• It can be used with steady-state or continuous simulation 
models that include fate processes for specific pollutants. 

• It can be used with steady-state or continuous simulation 
models that include transport processes for rivers, lakes, 
and estuaries. 

• It can be used with steady-state or continuous simulation 
models that are designed for single or multiple pollutant 
source analyses. 

• It does not require time series data. 

• It does not require model input data to follow a specific 
statistical distribution or function. 

• It can incorporate the cross-correlation and interaction of 
time-varying pH, flow, temperature, pollutant discharges, 
and other parameters if the analysis is developed separately 
for each season and the results are combined. 

The primary disadvantages of Monte Carlo simulation are that it 
requires more input, calibration, and verification data than do 
steady-state models, and the model results need manipulation to 
calculate the effluent L T A concentration and CV to develop efflu
ent limits. 

lognormal Probabilistic Dilution Model. Without resorting to 
the continuous simulation method of computing RWCs in tempo
ral sequence, this probabilistic method uses the lognormal prob
ability distributions of the input variables to calculate probability 
distributions of output variables [53]. As a result, the method 
requires only the relevant statistical parameters of the input vari
ables (medians and coefficients of variation) rather than the actual 
time series data needed for continuous simulation. If 1-day 
average RWCs must be predicted for comparisons with the CMC, 
lognormal probability distributions of daily input data are needed. 
If 4-day average concentrations must be predicted, the lognormal 
probability distributions of 4-day average input data are required. 
Because this probabilistic model cannot, as yet, incorporate fate 
and transport processes, it can be used to predict the concentra
tion of a substance only after complete mixing and before degra
dation or transformation significantly alters the concentration. 

The lognormal probabilistic dilution model has the following 
advantages: 

• It can predict the frequency and duration of toxicant con
centrations in riverine environments. 

• It does not require time series data. 

• It can incorporate the cross-correlation and interaction of 
time-varying pH, flow, temperature, pollutant discharges, 
and other parameters if the analysis is developed separately 
for each season and the results are combined. 

The lognormal probability dilution model has the following disad
vantages: 

• It requires more input than a steady-state model. 
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• It does not include instream fate processes. 

• It applies only to rivers and streams. 

• It analyzes multiple pollutant sources inaccurately. 

• It requires model input data to be lognormally distributed. 

4.5.2 Calt:lllat/111 tbe All11wable Effluent C11ncsntratl11n 
Dlstrlblltllln Bllll tile,_,., Pttrlllll 

Information concerning effluent concentration means and vari
abilities can be obtained from data bases on existing treatment 
plants and from development documents for specific industrial 
point source categories. This information is available from the 
Industrial Technology Division of the Office of Water Regulations 
and Standards. These effluent data can be used with dynamic 
models to determine what the effluent -concentration distribution 
must be to meet water quality standards. Two possible ap
proaches can be taken to determine this distribution regardless of 
the type of dynamic modeling technique (i.e., continuous, Monte 
Carlo, or lognormal probabilistic). One approach is based on the 
simplifying assumption that treatment will change only the mag-



nitude of effluent concentrations; no change~ are assumed to 
occur in effluent flows or in the relative variability of effluent 
concentrations. With these assumptions, no additional model 
runs are needed to determine the allowable distribution for efflu
ent concentrations. The other approach assumes that the re
quired effluent concentration distribution is the same as the exist
ing distribution except that it is reduced in magnitude by which
ever is greater-the percentage necessary for the 1-day average 
concentrations to meet the CMC, or the 4-day average concen
trations to meet the CCC at the desired recurrence interval. 
Chapter 5 includes details on how permit limits are derived from 
the mean and coefficient of variation of effluent concentrations 
determined from this analysis. 

The second approach for determining the allowable effluent con
centration distribution is based on the assumption that effluent 
concentrations after treatment will not have the same 01 as 
concentrations before treatment. Studies have documented that 
advanced secondary treatment increases the 01 of BOD and total 
suspended solids concentrations compared to secondary treat
ment. Where feasible, investigations should be conducted to 
evaluate how treatment processes for heavy metals, organic chemi
cals, and effluent toxicity will change the variability of these 
constituents. The development documents mentioned above 
also provide some variability data for treatment processes. To 
account for a change in variability, an alternative approach should 
be used to determine the allowable effluent distribution. Iterative 
model runs can be performed using different concentration means 
with the effluent "future treatment" variance until a mean is 
found that meets the criteria at the desired recurrence intervals. 
These iterative model runs require stochastic generation of efflu
ent input data since daily effluent concentrations will not be 
available for the hypothetical treatment schemes. The required 
"future treatment" mean and 01 of effluent concentration can 
then be used to set permit limits (see Chapter 5). 

EPA's Office of Water Regulations and Standards developed an 
interactive preprocessor for DYNTOX that automatically creates 
input for continuous simulation models, randomly selects the sets 
of input data required for Monte Carlo simulations, and performs 
the numerical integration calculation for the lognormal probabi
listic model. DYNTOX is available from the EPA CEAM, Environ
mental Research Laboratory (ERL} [54]. If the observed data base 
is fairly complete but missing a few points, a linear interpolation 
scheme is used to fill in the missing data. If data are scarce, a lag
one Markov method is used to generate daily data stochastically. 
The lag-one Markov method uses the mean, standard deviation, 
and daily correlation coefficient of the observed data to create 
random sequences of data having the same statistical properties. 
The interactive program is written in FORTRAN and is available for 
use on mainframe or IBM PC-compatible computers. 

Two common methods exist to calculate the return period for a 
given concentration from probabilistic modeling: the percentile 
method and the extrema method. The percentile method used 
by DYNTOX ranks a listing of all individual daily concentrations. 
The return period for a concentration is then calculated based on 
the percentile occurrence. In the extrema method, only annual 
extrema values are used in the ranking. The return periods 
calculated from these two methods are equally valid statistical 
representations. When using the percentile method, results ex-
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press an average return period and multiple occurrences within 
any year. The extrema method describes the return period for an 
annual extreme and includes only the extreme of multiple occur
rences within a year. 

4.5.3 SemltalllllctllfllllllllflaiDns for Molle/ SB/ectiOfl 
The reliability of the predictions from any of the modeling tech
niques depends on the accuracy of the data used in the analysi~. 
The minimum data required for model input include receiving 
water flow, effluent flow, effluent concentrations, and background 
concentrations. In many locations, stream flow data should be 
sufficient for both steady-state and dynamic models. At least 30 
years of flow data should be available if excursions of the CMC 
and CCC must be evaluated at rare frequency of once in 1 0 or 20 
years. Measurements of effluent toxicity or individual toxicity can 
be much more limited. 

If only a few toxicant or effluent toxicity measurements are avail
able, steady-state assessments should be used. Modeling also 
should be limited to steady-state procedures if a daily receiving 
water flow record is not available; however, in effluent-dominated 
situations, critical flow may be used to characterize the receiving 
~tream. Appendix D describes how to select appropriate design 
flows if State regulations do not require a specific design flow for 
river WLAs. Fate and transport models or dilution calculations can 
be used for individual toxicants. At the present time, only dilution 
calculations or first-order decay equations are recommended for 
effluent toxicity analyses. Chapter 1 discusses the conservative/ 
additive assumption for toxicity. 

If adequate receiving water flow and effluent concentration data 
are available to estimate frequency distributions, one of the dy
namic modeling techniques should be used to develop more 
cost-effective treatment requirements. If the effluent data exhibit 
significant seasonal differences or batch process trends, the con
tinuous simulation approach may be the easiest dynamic model
ing method to use. The best results will, of course, be obtained if 
daily effluent flows and concentrations are available for model 
input for an entire year. The lag-one Markov technique can be 
used to generate daily effluent data for the entire simulation as 
long as adequate measurements for the site-specific facility (or a 
similar one) are available to estimate a day-to-day correlation 
coefficient and to determine when seasonal or batch process 
changes in effluent quality occur. 

If adequate receiving water flow and effluent concentration data 
are available and if effluent data exhibit no seasonal or batch 
process trends, lognormal and Monte Carlo methods may be 
easier and require less computer time than the continuous simula
tion approach. 

4.5.4 Specfflc llotlel ReCOIIIIIIelldatlns 
The following section recommends models for toxicity and indi
vidual toxicants for each type of receiving water-rivers, lakes, 
and estuaries. Detailed guidelines on the use of fate and transport 
models of individual toxicants are included in the toxic TMDL 
guidance available from the Monitoring Branch of EPA's Office of 
Water Regulations and Standards [5, 6, 7] and Office of Research 
and Development [55]. These manuals describe in detail the 



transport and transformation processes involved in water quality 
modeling. Transport processes include the dispersion and advec
tion of a contaminant once it enters the receiving stream; its 
volatilization from the water; and its sorption to suspended sedi
ment. eventual settling, and possible resuspension and diffusion 
from the sediment. Transformation processes include the oxida
tion, hydrolysis, photolysis, biodegradation, and bioaccumulation 
of the chemical. 

Most water quality models were developed with an emphasis on 
the dynamics in the water column and the eventual water column 
concentrations. Several models, including some of those listed 
below (EXAMS-II, WASP4) are now capable of simulating water 
column-sediment interactions (resuspension, settling, and diffu
sion), however, additional work needs to be completed on the 
mechanisms of sediment-water column exchange before the mod
els can be validated for predictive applications involving sedi
ments. With the advent of sediment criteria in the next few years, 
it will be necessary to use models that predict concentrations in 
both receiving water and bed sediment. This will be of particular 
importance in areas where the sediments are contaminated to the 
point at which they act as the source of a pollutant to the water 
column. Table 4-2 lists and summarizes models that may be used 
for predicting the fate and transport of toxicants and that are 
supported by the EPA CEAM [56]. All the models, plus two 
bioaccumulation models, briefly are described below. 

• DYNTOX [54] is a WLA model that uses a probabilistic 
dilution technique to estimate receiving water chemical 
concentrations or whole effluent toxicity fractions. The 
model considers dilution and net first-order loss, but not 
sorption and benthic exchange. The net loss rate must be 
determined empirically on a case-by-case basis and cannot 
be extrapolated to different conditions of flow, tempera
ture, solids, pH, or light. 

• EXAMS-II [57] is a compartment model that can be used as 
either a steady-state or quasi-dynamic model designed for 
evaluation of the behavior of synthetic organic chemicals in 
aquatic ecosystems. It simulates a toxic chemical and its 

transformation products using second-order kinetics for all 
significant organic chemical reactions. EXAMS-II does not 
simulate the solids with which the chemical interacts. The 
concentration of solids must be user-specified for each 
compartment. The model accounts for sorbed chemical 
transport based on solids concentrations and specified trans
port fields. Sediment exchanges with the water column 
include pore-water advection, pore-water diffusion, and 
solids mixing. The last describes a net steady-state ex
change associated with solids that is proportional to pore
water diffusion. 

• WASP4 [58] is a generalized modeling framework for con
taminant fate in surface waters. Based on the flexible 
compartment modeling approach, WASP4 can be applied 
in one, two, or three dimensions, given the transport of 
fluxes between segments. WASP4 can read output files 
from the link-node hydrodynamic model DYNHYD4, which 
predicts unsteady flow rates in unstratified rivers and estuar
ies, given variable tides, wind, and inflow. TOXI4, a subset 
of WASP4, simulates up to three interacting toxic chemicals 
and up to three sediment size fractions in the bed and 
overlying waters. First- or second-order kinetics can be 
used for all significant organic chemical reactions. Sedi
ment exchanges include pore-water advection, pore-water 
diffusion, and deposition/scour. Net sedimentation and 
burial rates can be specified or calculated. The output can 
be used with the two bioaccumulation models FGETS and 
FCM2, which are described below. 

• HSPF (59] simulates watershed hydrology and water quality 
for both conventional and toxic organic pollutants. HSPF 
incorporates the watershed-scale ARM and NPS models 
into a basin-scale analysis framework that includes trans
port and transformation in one-dimensional stream chan
nels. The simulation provides a time history of the runoff 
flow rate, sediment load, and nutrient and pesticide con
centrations, along with a time history of water quantity and 
quality at any point in a watershed. HSPF simulates three 
sediment types (sand, silt, and clay) in addition to specific 

Table 4-2. Toxicant Fate and Transport Models 

Model Environment Time Domain Spatial Domain Chemical 

DYNTOX river dynamic far field, organic, 
1-dimensional metal 

EXAMS-II lake, river, steady-state, far field, organic 
estuary quasi-dynamic 3-dimensional 

WASP4 lake, river, steady-state, far field, organic, 
estuary dynamic 3-dimensional metal 

HSPF river dynamic far field organic, 
1-dimensional metal 

SARAH2 river steady-state treatment plant, organic 
near field, 
2-dimensional 

MINTEQA2 lake, river, steady-state metal 
estuary 
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organic chemicals and transformation products of those 
chemicals. The reaction and transfer processes included are 
hydrolysis, oxidation, photolysis, biodegradation, volatiliza
tion, and sorption. Sorption is modeled as a first-order 
kinetic process in which a desorption rate and an equilib
rium partition coefficient for each of the three solid types 
must be specified. Resuspension and settling of silts and 
clays (cohesive solids) are defined in terms of shear stress at 
the sediment-water interface. For sands, the system's ca
pacity to transport sand at a particular flow is calculated 
and resuspension or settling is defined by the difference 
between the sand in suspension and the calculated capac
ity. Sediment exchanges with surficial benthic sediments 
are modeled as sorption/desorption and deposition/scour. 
Underlying sediment and pore water are not modeled. 

• SARAH2 [60] is a steady-state, near-field model for calculat
ing acceptable concentrations of hazardous organic chemi
cals discharged to land disposal or wastewater treatment 
facilities. Acceptable leachate or treated industrial waste 
discharge constituent concentrations are estimated by a 
"back calculation" procedure starting from chemical safety 
criteria in surface water, drinking water, or fish. For steady 
or batch waste streams, SARAH2 considers the following 
concentration reductions: dilution and loss during treat
ment, initial Gaussian mixing at the edge of a stream, 
lateral and longitudinal diffusion in the mixing zone, sorp
tion, volatilization, hydrolysis, and bioaccumulation in fish. 
The user must specify appropriate concentrations for pro
tection of the aquatic community and of humans exposed 
through consumption of fish and water. The benthic com
munity is not presently considered. Treatment loss is handled 
empirically. SARAH2 contains data sets for three disposal
watershed scenarios that can be easily modified and em
ployed. The model is designed for screening analysis and 
contains numerous assumptions that should be verified 
before the model is used in actual cases. 

• MINTEQA2 is an equilibrium metals speciation model for 
dilute aqueous systems [61 ]. It does not have any transport 
and transformation processes and must be run with one of 
the above models. It can be used to calculate the mass 
distribution at equilibrium among dissolved, absorbed, and 
solid phases and the species distribution within each phase. 
MINTEQA2 contains a chemical component data set for 
major ions commonly found in aqueous systems (e.g., Ca, 
Fe, and S), trace metals/metalloids of pollution interest 
(e.g., Cd, Cr, Ni, Pb, and Zn), and organic ligands of 
significant affinity for metal complexation. The model can 
be used to calculate the concentrations of adsorbed metals 
via any of seven different adsorption algorithms. 

• FGETS is a toxicokinetic model that simulates the 
bioaccumulation of nonpolar organic chemicals by fish from 
both water and food [62]. Both of these routes of ex
change are modeled as diffusion processes that depend 
upon physicochemical properties of the pollutant and mor
phological/physiological characteristics of the fish. FGETS 
contains a moderately sized data base of allometric relation
ships for gill morphology with which it can simulate the 
direct gill/water exchange of organic chemicals for essen
tially any fish species, assuming certain default values. FGETS 
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also contains a limited data base of physiological/morpho
logical relationships that are used to set parameters for food 
exchange. In addition to simulating bioaccumulation of 
organic toxicants, FGETS can calculate time to death from 
chemicals whose mode of action is narcosis. This calcula
tion is based on the existence of a single, lethal, internal 
chemical activity for such chemicals. The concentrations of 
toxic chemical to which the food chain is exposed may be 
specified by the user or may be taken directly from the 
values calculated by the exposure concentration model 
WASP4. Thus FGETS may be executed as a separate model 
or as a postprocessor to WASP4. 

• FCM2 is a generalized model of the uptake and elimination 
of toxic chemicals by aquatic organisms [63]. It generates a 
mass balance calculation in which the rates of uptake and 
elimination are related to the bioenergetic parameters of 
the species. A linear food chain or a food web may be 
specified. Fish tissue concentrations are calculated as a 
function of time and age for each species included. Expo
sure to the toxic chemical in food is based on a consump
tion rate and predator-prey relationships that are specified 
as a function of age. Exposure to the toxic chemical in 
water is functionally related to the respiration rate. Steady
state concentrations also may be calculated. The concen
trations of the toxic chemical to which the food chain is 
exposed may be specified by the user or may be taken 
directly from the values calculated by the exposure concen
tration model WASP4. Thus FCM2 may be executed as a 
separate model or as a postprocessor to WASP4. Migratory 
species, as well as nonmigratory species, may be consid
ered. Separate nonmigratory food chains may be specified, 
and the migratory species is exposed sequentially to each 
food chain based on its seasonal movements. 

4.5.5 Effluent Toxicity Modeling 
To apply the steady-state, continuous simulation, or probabilistic 
methods to effluent toxicity modeling, the percent effluent mea
surements should be converted to toxic units (TUs). As discussed 
in Chapters 1, 2, and 3, it is necessary to convert toxicity to units 
that can be directly related to mass. When comparing toxicity 
among chemicals, the relationship between toxicity and concen
tration is inverse; chemicals that have toxic effects at low concen
trations have a greater "toxicity" than chemicals that have toxic 
effects at higher concentrations. The modeling of toxic effluents 
is based on mass balance principles; therefore, toxicity needs to 
be in units that increase when the percent of the effluent of the 
receiving stream increases. Thus, a TU is the reciprocal of the 
dilution that produces the test endpoint, i.e., acute toxicity end
point (ATE) or chronic toxicity endpoint (CTE). An acute toxic 
unit (TU3 ) is the reciprocal of an ATE. A chronic toxic unit (TUc) is 
the reciprocal of a CTE. The TMDL must ensure that the CMC 
and the CCC are met in the receiving water at the desired 
duration and frequency. The CMC for toxicity is recommended 
as 0.3 TUa. This is a value that should prevent lethality unless the 
duration of exposure exceeds 1 hour. 

The CCC for toxicity measured with chronic tests is recommended 
as the following: 

CCC = 1 .0 TUc. 



The first step in the TMDL process is to calculate the allowable 
acute effluent toxicity that meets the CMC in the receiving water 
at the duration and frequency discussed in Appendix D. 

The next step in the TMDL process is to calculate the allowable 
chronic effluent toxicity that meets the CCC in the receiving water 
at the duration and frequency discussed in Appendix D. To 
compare the allowable acute toxicity value to the allowable chronic 
toxicity value, the numbers must be converted to the same units 
as follows: 

TUa = (ACR)(TU,) 

where the acute-to-chronic ratio (ACR) is determined from tests 
on the effluent. It is important that the ACR used for TMDL 
purposes be based on actual data and not be assumed to be 1 0 or 
20, as in the screening procedure (Chapter 3). The value of this 
ratio will influence whether the acute or chronic TMDL is more 
stringent and is used to calculate the permit limit using the 
methods described in Chapter 5. 

At the present time, the fate of effluent toxicity in a receiving 
water is not fully understood. Even if a decay rate for toxicity can 
be measured on a given day in a site-specific situation, there is no 
way as yet to know how this rate is affected by temperature, pH, 
or other environmental conditions. There is also no way to know 
how this rate may change when new treatment is installed. 
lnstream measurements of toxicity should be made at least once 
per season to identify any time-varying trends in site-specific fate 
processes. These monitored decay rates can then be used in 
steady-state or continuous simulation fate and transport models 
to predict receiving water toxicity, assuming that the rates will not 
change with future treatment. 

Without specific information concerning the persistence of toxic
ity, it is recommended that effluent toxicity be limited to dilution 
estimates and that toxicity be assumed to be additive and conser
vative. Toxicity is expected to be additive even when the toxicity 
of one effluent affects selected biota while the toxicity of a down
stream discharge affects different biota. For rivers and run-of-river 
reservoirs with a detention time of less than 20 days, the following 
dilution equation should be used, assuming completely mixed 
conditions: 

where 
c 
Cs 
Os 
Ce 
Oe= 

C = ~~Q~ ~ S_e9e 
Oe + Os 

downstream concentration (TU, or TUa ) 
upstream concentration (TU, or TUa) 
upstream flow (ds) 
effluent concentration (TU, or TUa ) and 
effluent flow (ds). 

For multiple dischargers, this equation must be applied sequen
tially to find the concentration as a function of distance down
stream. The equation can be used for a steady-state analysis if Q5 
is set equal to the design flow, Oe is set equal to the historical 
plant flow, and Ce is calculated to meet the CMC and CCC. This 
equation can also be used with the continuous simulation, log
normal probabilistic, or Monte Carlo methods. For these dy
namic analyses, a series of Ce, Oe. Cs- and Q5 values would be 
used. 
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If instream toxicity measurements are available and a first-order 
decay rate for toxicity can be estimated, the following equation 
should be used: 

where 
c 
Co 

X 

u 
K 

downstream concentration (TU, or TUa) 
concentration after the point source discharge has 
mixed completely with the river (TU, or TUa) 
distance downstream of complete mix point 
velocity of river 
measured decay rate. 

Additional statistical approaches are available that might provide 
better statistical fits to the available data. However, these models 
are somewhat more limited than the example provided above. 

The same equations used for toxicity analyses in rivers can also be 
used in steady-state, continuous simulation, or probabilistic analy
sis of long, narrow, shallow impoundments with high inflow 
velocities. Wider, deeper lakes require more complicated analy
ses since prolonged detention times (>20 days) and stratification 
exert a significant impact on water quality. The prolonged deten
tion times make it essential that receiving water measurements of 
toxicity be available to estimate decay factors. These measure
ments should be made at least once per season to identify any 
time-varying trends in toxicity fate processes. Steady-state or 
continuous simulation fate and transport models for lakes can 
then be run with monitored decay rates for toxicity. A simple 
steady-state analysis can be performed using the following equa
tions [64]: 

where 
Tw = 
v 
Q = 
c = 
C;n = 
K 

Tw = V/Q 
C = C;0 /(l + TwK) 

mean hydraulic residence time 
lake volume at design conditions 
mean total inflow rate at design conditions 
steady-state lake concentration (TUc or TUa) 
steady-state inflow concentration (TU, or TUa) 
first-order decay rate. 

If effluent is discharged into a stratified lake and mixes only with 
the hypolimnion or epilimnion, the volume of the layer should be 
used only to calculate mean hydraulic residence time (T w). The 
mean total inflow rate (Q) and the inflow concentration (C;n) 
should be calculated as the sum of all sources to the lake, includ
ing point source, nonpoint source, and tributary inputs. 

Dilution calculations for effluent toxicity discharges to an estuary 
are complicated by the oscillatory motion of the tides and pos
sible stratification of the estuary. The prolonged detention times 
make it essential that field measurements of toxicity be available 
to estimate decay factors. These measurements should be made 
at least once per season to identify any time-varying trends in 
toxicity rate processes. Steady-state or continuous simulation fate 
and transport models for estuaries can then be run with moni
tored decay rates for toxicity. A simple steady-state analysis can 
be performed using the following equations for each 
nonconservative pollutant entering from the river at the head of 
an estuary [64]: 



where 

k 

r; 
B; = 

1- (1 :~;)e:kt 

exchange ratio for segment i as defined by modified 
tidal prism method 
flushing time 
fraction of freshwater in segment i 
nonconservative pollutant concentration in segment 
i (TUa or TUc) 
decay rate of pollutant. 

The following equations should be used for each nonconservative 
pollutant entering along the side of an estuary: 

For segments downstream of outfall: 

f; q 
f
0 

-1="-(1 ~r;)e·kt_ 

For segments upstream of outfall: 

where 
C; = 

n S; r; 
C; = Co fl -------... 

S 1- (1-r·)e·"t 
j = 1 0 - I . 

nonconservative pollutant mean concentration in 
segment i (TUc or TUa) 
nonconservative pollutant mean concentration in 
segment of discharge 
exchange ratio for segment i as defined by the 
modified tidal prism method 
number of segment away from outfall 
fraction of freshwater in segment i 
fraction of freshwater in segment with discharge 
salinity in segment i 
salinity in segment of discharge 
decay rate 
flushing time. 

The details of how to calculate exchange ratios and flushing times 
for estuaries are included in Part 2 of EPA's water qudlity assess
ment manual [64). This manual also describes how to perform 
these calculations for stratified estuaries using a two-dimensional 
box model analysis. 

4.6 HUMAN HEALTH 

4.6.1 Human Health Consltlflratlons 
Human exposure to pollutants should be evaluated as completely 
as available information will allow. Exposure information is used 
in calculating the human health reference ambient concentration 
(RAC) from the formulas in Chapter 2, Water Quality Standards. 
This information should be used to estimate exposures due to fish 
consumption and drinking water ingestion, background concen-
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trations, and other exposure routes, such as recreational, occupa
tional, drinking water, dietary (other than fish), and inhalation. 
Factors in the formulas for which information is not available can 
be omitted from the calculation. If States choose, bioaccumulation 
factors also can be modified. 

4.6.2 Detennin/ng fhB TMDL IJasBd on Human Health Toxicants 
TMDLs are typically necessary only where mixing is allowed. 
Mixing zones are used at the discretion of the States. If a State 
does not allow a mixing zone or the assumption of complete 
mixing, then the RAC is applied at the end of pipe and no TMDL 
determination is typically necessary. 

With persistent or bioconcentratable pollutants, special m1x1ng 
zone considerations apply. Bioconcentratable pollutant criteria 
exceedances within the mixing zone can potentially result in 
tissue contamination of organisms directly or indirectly through 
contamination of bed sediments with subsequent incorporation 
into the food chain. For discharge situations with incomplete 
mixing (e.g., large rivers, lakes, estuaries, oceans), States need to 
carefully consider whether mixing zones for persistent or 
bioconcentratable pollutants are appropriate. Where a mixing 
zone is allowed, one TMDL should be calculated to achieve the 
RAC or criterion selected above [65]. Because most human health 
criteria are chronic only, a TMDL to protect against acute effects 
will usually not be needed, although EPA's Office of Drinking 
Water does have acute criteria for some pollutants. 

For the purpose of the following discussion, use of simple, steady
state dilution models is assumed. However, these models may be 
inappropriate for certain situations where sediments serve as a 
sink for bioconcentratable pollutants and where additional factors 
need to be considered. Dynamic models, where available, are 
useful tools for accounting for an array of variables that may have 
an impact on the fate of bioconcentratable pollutants in the food 
chain. These models may be used by States for surface waters in 
appropriate instances. 

In simple situations, the TMDL is determined from the RAC and 
the design flow of the receiving water. In more complicated 
situations, e.g., where mixing is not rapid or where lakes or 
estuaries are involved, a spatial averaging scale must be chosen. 
Selection of the spatial scale must be consistent with reasonable 
assumptions about the behavior of aquatic organisms and the 
target human population. 

In some cases, it may be necessary to apply the chronic human 
health criterion within a mixing zone if it is reasonable to assume 
that the bioconcentrating aquatic organisms have little mobility, 
thus spending most of their time within the mixing zone; and the 
target human population consistently consumes fish from the 
mixing zone (over a 70-year lifetime, for carcinogenic risks). 

The procedure for developing TMDLstWLAs generally requires 
determining values for the following parameters, based upon 
water quality considerations: (1) the duration of the averaging 
period applicable to the WLA; (2) design considerations, e.g., 
flow; (3) the discharge (WLA) concentration that will result in 
meeting the ambient water quality criterion during the design 
condition; and (4) the allowable probability (or frequency) of the 
discharge's exceeding the WLA, averaged over the appropriate 



duration. The technical basis for setting these values is discussed 
in the following sections. 

1) Averaging Periods 

The duration of the averaging period for the WLA should be 
selected to be consistent with the assumptions used to derive the 
water quality criteria. Two categories of pollutants should be 
recognized: carcinogens and noncarcinogens. 

The human health criteria for carcinogens are derived assuming 
lifetime exposure. The upper-bound risk is directly proportional 
to the lifetime arithmetic mean dose. The criteria thus apply to 
the ambient water concentrations averaged over a 70-year pe
riod. 

The duration of exposure assumed in deriving criteria for 
noncarcinogens may be ambiguous, particularly where a criterion 
is derved from animal studies. Furthermore, the duration may be 
highly variable, ranging as high as 20 to 30 years for cadmium. 

2) Dilution Design Conditions 

a) Carcinogens: River and Stream Discharge Situations 

In well-mixed situations, the RWC, C, is determined by the pollut
ant load, W (mass/time), and the combined receiving water plus 
effluent flow, Q such that, C = W/Q. 

The long-term harmonic mean flow is recommended as the 
design flow for carcinogens. The recommendation of long-term 
harmonic mean flow has be€n derived from the definition of the 
human health criteria (HHC) for carcinogenic pollutants. The 
adverse impact of carcinogenic pollutants is estimated in terms of 
receptors (human) lifetime intakes. To be within the acceptable 
level of life-time body-burden of any carcinogen, such intakes 
should not exceed the HHC during the average life-time of the 
receptor. A life-time for exposure to carcinogenic pollutants is 
defined as 70 years, or approximately 365 (days/year) multiplied 
by 70 years. 

The HHC for carcinogenic pollutants can be numerically expressed 
as: 

HHC = C (design)= (C1 + C2.,. C3 + ----- + Cn )/n 

where 
n = (365 days/year) x 70 years 
C = concentrations 

Based on an assumption of a constant daily load from a treatment 
facility, the tully mixed instream concentration will go up or down 
inversely with the ups and downs of receiving water flows. There
fore, instream concentration is a function of, and inversely pro
portional to, the streamflow downstream of the discharge. Using 
this concept, 1 /Q can be substituted for C, as follows: 

1 /Q (design) = (1/Ql + 1 /Q2 .,. 1 /Q3 + ----- + 1 /Qn)/n. 

The stream design flow (Q design) can then be shown as follows: 

Q (design) = n/(1/Ql + 1 /Q2 + 1 /Q3 + ----- + 1 /Qn) 
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The harmonic mean is expressed as follows: 

where 

n 

Q (design)= n/I (1 /Qj) 
i = 1 

n = the number of recorded flows. 

The harmonic mean is always less than the arithmetic mean. The 
harmonic mean is the appropriate design flow for determining 
long-term exposures using steady-state modeling of effluents. 
The arithmetic mean flow is not appropriate as the design flow 
since it overstates the dilution available. Extreme value statistics 
(such as 7Q1 0 or 30Q5) are also not appropriate since they have 
no consistent relationship with the long-term mean dilution. 
However, for situations involving seasonably variable effluent dis
charge rates, hold-and-release treatment systems, and effluent
dominated sites, the harmonic mean may not be appropriate. In 
these cases, the effluent load and downstream flow are not inde
pendent (i.e., they are correlated). Modeling techniques that can 
calculate an average daily concentration over a long period of 
time are more appropriate to determine the long-term exposure 
in these cases. 

The harmonic mean flow may be estimated by any of several 
methods [8], assuming that flows are approximately lognormatly 
distributed: Q 2 

gm 
Ohm= 

Oam 
where 

Ogm is the geometric mean flow 
Oam is the arithmetic mean flow. 

For U.S. Geological Survey flow records, summaries of the statisti
cal parameters needed to estimate the harmonic mean can be 
quickly obtained from STORET, through a user-friendly procedure 
for permit writers, as described in Appendix D. 

WQAB DFLOW is a software package available for computation 
of harmonic mean flow. The DFLOW program (as discussed 
below and described in Appendix D) should be used with data 
that are not lognormally distributed. 

To develop some quantitative sense of how a long-term harmonic 
mean flow of any stream compares with its 7Q1 0 flow, the 
Assessment and Watershed Protection Division and the Risk Re
duction Engineering Laboratory at Cincinnati, Ohio, analyzed 
flow records of 60 streams selected at random throughout the 
United States. These are the same stream flow records that had 
be€n analyzed for stream design flow condition for aquatic life 
protection as listed in EPA guidance [8). Based on the long-term 
harmonic flow and 7-day, 1 0-year low-flow estimates for these 60 
streams, the long-term harmonic mean flows of all 60 streams 
were equal to or greater than two times the 7Q1 0 low flow. Fifty
four of the streams' harmonic mean flows were equal to or 
greater than 2.5 times their 7Q1 0 low flows. Finally, 40 of the 60 
streams' harmonic mean flows were equal to or greater than 3.5 
times the 7Q10. 

Based on the above observations, permit authorities may choose 
a multiplication factor of 3 x 7Q1 0 to estimate stream design flow 
for human health protection for carcinogenic pollutants. How-



ever, it is recommended that the harmonic mean flow be calcu
lated directly from the historical daily flow record, if possible. 
Alternatively, the following equation might be used to estimate 
harmonic mean flow [66]: 

Ohm= [1.194 * (Q3 m)0.473] * ((7Q1 0)0.552], r2 = 0.99. 

In this equation, Oam and 7Q1 0 are estimated using the U.S. 
Geological Survey computer program, FLOSTAT. 

b) Noncarcinogens: River and Stream Discharge Situations 

The choice of average period represents a level-of-protection 
consideration inherent in the risk management decision to be 
made by the permitting agency. If a short-term duration of 
exposure is chosen (i.e., 90 days or less), design flows may be 
appropriately based on extreme value statistics. Because the 
effects from noncarcinogens are more often associated with short
ened exposures, EPA suggests the use of 30QS. However, in the 
comparisons of flows for smaller rivers (i.e., low flow of 50 ds), the 
30QS flow was, on the average, only 1.1 times that of the 7Q1 0. 
For larger rivers (i.e., low flow of 600 cfs), the factor was, on the 
average, 1.4 times. If the effects from certain noncarcinogens 
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are manifested after a lifetime of exposure, then a harmonic 
mean flow may be appropriate. 

3) Point of Application of the Criteria 

The point at which the chronic criteria are to be met in the 
receiving water may be fixed by existing State standards or may 
be determined by considerations for managing individual and 
aggregate risks. The several possibilities include the following: 

• Where State standards allow no mixing zone and no spatial 
averaging, the criterion would be met at the end of the 
pipe. 

• Where State standards specify that the criterion must be 
met at the end of the mixing zone, the criterion would be 
applied at that point. 

• Where State standards allow consideration of spatial aver
aging, the criterion may be met as an average within a 
specified area, as appropriate for the individual and aggre
gate risk scenarios underlying the application. 
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5. PERMIT REQUIREMENTS 

5.1 INTRODUCTION 
As the final step in the "standards-to-permits" process, develop
ment of permit requirements is often the culmination of the 
activities discussed in the preceding chapters. This chapter 
~es_cribe~ t~e basic principles of effluent variability and permit 
hmrt denvatron and provides recommendations for deriving limits 
from various types of wasteload allocation outputs such that 
water quality standards are protected. It also addresses important 
considerations in the expression of limits and other types of 
permit requirements, including toxicity reduction evaluations. 
The first portion of the chapter deals principally with aquatic life 
protection. Permitting for protection of human health is found in 
Section 5.4.4. 

5.1.1 Regulatoty Requirements 
There are both mandatory and discretionary elements associated 
with the development of water quality-based permit limits to 
control toxic pollutants and toxicity. The mandatory elements are 
described in the revisions to the National Pollutant Discharge 
Elimination System (NPDES) Surface Water Taxies Control !>ro
gram regulations (54 FR 23868, june 2, 1989). The regulations at 
40 CFR 122.44(d)(l) require that regulatory authorities first deter
mine whether a discharge causes, has the reasonable potential to 
cause, or contributes to an excursion above water quality stan
dards (narrative or numeric). In making these determinations, 
regulatory authorities must use a procedure that accounts for 
effluent variability, existing controls on point and nonpoint sources 
of pollution, available dilution, and (when using toxicity testing) 
species sensitivity. Each of these regulations were previously 
discussed in Chapter 3. 

There is a degree of flexibility in the specific procedures a regula
tory authority uses in determining whether an excursion occurs or 
is reasonably expected to occur and in the weight given to the 
various factors in conducting the evaluation of a specific dis
charger. The Environmental Protection Agency's (EPA) guidance 
for making these determinations is contained in the recommen
dations in Chapter 3. 

There are also several EPA policies that reflect these regulatory 
requirements, including the "National Policy for the Development 
of Water Quality-Based Limits for Toxic Pollutants" (Appendix B-
2) and EPA's "Whole Effluent Toxicity Permitting Principles and 
Enforcement Strategy," (Appendix 8-4). This strategy states that 
"all major permits and minors of concern must be evaluated for 
potential or known toxicity (chronic or acute if more limiting)." In 
addition, the strategy states that "[f]inal whole effluent toxicity 
limits must be included in permits where necessary to ensure that 
State Water Quality Standards are met. These limits must prop
erly account for effluent variability, available dilution, and species 
sensitivity." 
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There is an element of judgment inherent in the specific permit 
limit derivation procedures used for an individual discharger once 
a decision has been made to develop a specific type of limit. 
Case-specific considerations will usually dictate the most appro
priate approach to be taken in individual situations. Nevertheless, 
the various assumptions used in the permit limit development 
process should be consistent with the assumptions and principles 
inherent in the effluent characterization and exposure assessment 
steps preceding permit limit development. The permit limit 
derivation procedure used by the permitting authority should 
be fully enforceable and should adequately account for efflu
ent variability, consider available receiving water dilution, 
protect against acute and chronic impacts, account for com
pliance monitoring sampling frequency, and protect the 
wasteload allocation (WLA) and ultimately water quality stan
dards. To accomplish these objectives, EPA recommends that 
permitting authorities use the statistical permit limit deriva
tion procedure discussed in Section 5.4 with the outputs from 
either steady state or the dynamic wasteload allocation mod
eling. 

5.2 BASIC PRINCIPLES OF EFFWENT 
VARIABIUTY 

An understanding of the basic principles of effluent variability is 
central to water quality-based permitting. Many of the concepts 
are the same as those considered in the development of technol
ogy-based limits. However, the process for applying the prin
ciples is substantially different, as explained below. 

5.2. 1 Variations in Effluent Quality 
Effluent quality and quantity vary over time in terms of volumes 
discharged and constituent concentrations. Variations occur due 
to a number of factors, including changes in human activity over 
a 24-hour period for publicly owned treatment works (POTWs), 
changes in production cycles for industries, variation in responses 
of wastewater treatment systems to influent changes, variation in 
treatment system performance, and changes in climate. Very few 
effluents remain constant over long periods of time. Even in 
industries that operate continuous processes, variations in the 
quality of raw materials and activities, such as back-washing of 
filters, cause peaks in effluent constituent concentrations and 
volumes. 

If effluent data for a particular pollutant or pollutant parameter for 
a typical POlW are plotted against time, the daily concentration 
variations can be seen (see Figure 5-1, left-hand graphs). This 
behavior can be described by constructing frequency-concentra
tion plots of the same data (see Figure 5-l, right-hand graphs). 
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5.2.2 Statistical Parameters and Relationship to Penn/t 
Limits 

Based upon the shape of the curve of a frequency-concentration 
plot, the data can be described in terms of a particular type of 
statistical distribution. The choices for statistical distributions 
include normal (bell-shaped), lognormal (positively skewed), or 
other variations on the lognormal distribution. From the vast 
amount of data that EPA has examined, it is reasonable to assume 
(unless specific data show otherwise) that treated effluent data 
follow a lognormal distribution. This is because effluent values 
are non-negative and treatment efficiency at the low end of the 
concentration scale is limited, while effluent concentrations may 
vary widely at the high end of the scale, reflecting various degrees 
of treatment system performance and loadings. These factors 
combine to produce the characteristically positively skewed ap
pearance of the lognormal curve when data are plotted in a 
frequency histogram. Appendix E discusses the basis for conclud
ing that effluent data are typically log normally distributed, as well 
as recommendations for handling data sets from treatment plants 
that follow some other type of distribution. 

Effluent data from any treatment system may be described using 
standard descriptive statistics, such as the mean concentration of 
the pollutant or pollutant parameter (i.e., the long-term average 
[LTA] and the coefficient of variation [CV]). The CV is a standard 
statistical measure of the relative variations of a distribution or set 
of data, defined as the ratio of the standard deviation to the 
mean. Using a statistical model, such as the lognormal. an entire 
distribution of values can be projected from limited data, and 
limits can be set at a specified probability of occurrence. Figure 5-
1 shows the frequency-concentration curve and the relative posi
tions of the concentrations corresponding to the mean for the 
data. 
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All permit limits, whether technology-based or water quality
based, are set at the upper bounds of acceptable performance. 
The purpose of a permit limit is to specify an upper bound of 
acceptable effluent quality. For technology-based requirements, 
the limits are based on proper operation of a treatment system. 
For water quality-based requirements, the limits are based on 
maintaining the effluent quality at a level that will comply with 
water quality standards, even during critical conditions in the 
receiving water. These requirements are determined by the WLA. 
The WlA dictates the required effluent quality which defines the 
desired level of treatment plant performance or target L T A. 

In the development of technology-based effluent limits guide
lines, the operating records of various wastewater treatment facili
ties for a particular category of discharger are examined. Based 
on the effluent data for the treatment facilities, a composite mean 
or LTA value for the parameter is determined. This LTA value, 
with relevant estimates of variability, is then used to derive efflu
ent limit guidelines, which lead directly to permit limits. 

In contrast, the process operates in reverse for water quality-based 
permit limits. The WlA, determined from water quality stan
dards, defines the appropriate discharge level, which in turn 
determines the requisite target L TA for the treatment facility in 
order to meet that WlA. Permit limits may then be derived from 
this targeted L TA and 0/. Figure 5-2 illustrates the relationship 
among the various statistical parameters. As these figures show, 
highly variable effluents require a much lower targeted L TA to 
meet the WlA and account for the variability that occurs in 
effluent concentration above the L T A. 

It is extremely important to recognize that the various statistical 
principles and relationships discussed above operate in any dis-
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charge situation-whether or not they are specifically recognized 
or accounted for. Where a permit limit derivation procedure does 
not address these principles specifically, the permit writer will be 
implicitly assuming that there are enough conservative assump
tions built into other steps in the process (e.g., water quality 
models, "buffer" between permit limits and actual operating 
conditions) to ensure that there will be no reasonable potential for 
excursions above water quality standards. 

5.2.3 Expression of l'etmlt Umlts 

The NPDES regulations at 40 CFR 122.45(d) require that all permit 
limits be expressed, unless impracticable, as both average monthly 
and maximum daily values for all discharges other than POTWs 
and as average weekly and average monthly limits for POTWs. 
The maximum daily permit limit (MDL) is the highest allowable 
discharge measured during a calendar day or 24-hour period 
representing a calendar day. The average monthly permit limit 
(AML) is the highest allowable value for the average of daily 
discharges obtained over a calendar month. The average weekly 
permit limit (AWL) is the highest allowable value for the average 
of daily discharges obtained over a calendar week. 

EPA believes that a maximum daily permit limit can be directly 
used to express an effluent limit for all toxic pollutants or pollutant 
parameters except chronic whole effluent toxicity. The typical 
toxicity test used to measure chronic toxicity consists of samples 
collected from at least 3 different days over a 7 -day period. 
Therefore, the test does not measure toxicity in any given 24-hour 
period or calendar day, but rather measures toxicity over a 7-day 
period. The toxicity could be caused by any one sample or a 
combination of samples. To address this situation, EPA recom
mends that the permit contain a notation indicating that 
when chronic toxicity tests are required in a permit, the MDL 
should be interpreted as signifying the maximum test result 
for the month. 

Additionally, in lieu of an AWL for POTWs, EPA recommends 
establishing an MDL (or a maximum test result for chronic toxic
ity) for toxic pollutants and pollutant parameters in water quality 
permitting. This is appropriate for at least two reasons. First, the 
basis for the 7-day average for POTWs derives from the secondary 
treatment requirements. This basis is not related to the need for 
assuring achievement of water quality standards. Second, a 7-day 
average, which could comprise up to seven or more daily samples, 
could average out peak toxic concentrations and therefore the 
discharge's potential for causing acute toxic effects would be 
missed. A MDL, which is measured by a grab sample, would be 
toxicologically protective of potential acute toxicity impacts. 

5.3 ENSURING CONSISTENCY WITH THE 
WASTELOAD AU.OCATION 

The WLA provides a definition of effluent quality that is necessary 
to meet the water quality standards of the receiving water. The 
WLA is based on ambient criteria and the exposure of the resident 
aquatic community or humans to toxic conditions. Once a WLA 
has been developed, accounting for all appropriate consider-
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ations, a water quality-based permit limit may be derived to 
enforce the WLA. The method used to derive the permit limits 
must be consistent with the nature of the WLA. 

The WLA addresses variability in effluent quality. For example, a 
WLA for human health pollutants is typically expressed as a single 
level of receiving water quality necessary to provide protection 
against long-term or chronic effects. On the other hand, a WLA 
for toxic pollutants affecting aquatic life (with corresponding 
duration and frequency requirements) should describe levels nec
essary to provide protection against both short-term and long
term effects. 

5.3.1 Statistical Considerations of MAs 

Direct use of a WLA as a permit limit creates a significant risk that 
the WLA will be enforced incorrectly, since effluent variability and 
the probability basis for the limit are not considered specifically. 
For example, the use of a steady state WLA typically establishes a 
level of effluent quality with the assumption that it is a value never 
to be exceeded. The same value used directly as a permit limit 
could allow the WLA to be exceeded without observing permit 
violations if compliance monitoring was infrequent. Confusion 
can also result in translating a longer duration WLA requirement 
(e.g., for chronic protection) into maximum daily and average 
monthly permit limits. The permit writer must ensure that permit 
limits are derived to implement a WLA requirement correctly. 
Potential problem areas are as follows: 

• The WLA must be enforced in a regulatory context by 
translating it into MDLs and AMLs; then and only then, will 
compliance monitoring associated with permit limits allow 
the regulatory authority to determine whether or not such 
permit limits are violated. 

• The WLA that assumes that the discharge is steady state 
(i.e., not changing over time) requires a limit derivation 
assumption regarding how the effluent may vary. 

• MDLs and AMLs average monthly limits must be developed 
so that they are consistent with each other and mandate 
the required level of wastewater treatment facility perfor
mance. 

• If the acute WLA is used alone directly as the MDL, the limit 
will not necessarily be protective against chronic effects. If 
the acute WLA is used alone directly as the AML, the limit 
can allow excursions above the WLA within each month. 

• It the chronic WLA is used alone as an MDL, the limit will be 
protective against acute and chronic effects but at the 
expense of being overly stringent. If the chronic WLA is 
used alone as the AML, the limit may be protective against 
acute and chronic effects depending upon effluent variabil
ity. 

The objective is to establish permit limits that result in the effluent 
meeting the WLA under normal operating conditions virtually all 
the time. It is not possible to guarantee, through permit limits, 
that a WLA will never be exceeded. It is possible, however, using 
the recommended permit limit derivation procedures, to account 
for extreme values and to establish low probabilities of exceedence 
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of the WLA in conformance with the duration and frequency 
requirements of the water quality standards. This is not to sug
gest that permit writers should assume a probability of exceedence 
of the WLA, but rather, that they should develop limits that will 
make an exceedance a very small likelihood. 

Since effluents are variable and permit limits are developed based 
on a low probability of exceedence, the permit limits should 
consider effluent variability and ensure that the requisite loading 
from the WLA is not exceeded under normal conditions. In effect 
then, the limits must "force" treatment plant performance, which, 
after considering acceptable effluent variability, will only have a 
low statistical probability of exceeding the WLA and will achieve 
the desired loadings. 

Figure 5-3 shows a number of important aspects of the relation
ships among the various statistical parameters. In this illustration, 
the most limiting LTA (after comparing the LTAs derived from 
both acute and chronic WLAs) has been chosen for the chronic 
limiting condition. The more restrictive LTA will automatically 
meet both WLA requirements. If the effluent "fingerprint" for this 
LTA (and associated 01) is projected, it can be seen that the 
distribution of daily effluent values will not exceed the acute or 
chronic wasteload allocations for unacceptable periods of time. 
The duration and frequency requirements of the acute and chronic 
criteria for the pollutant or pollutant parameter will not be ex
ceeded. This figure also illustrates permit limits derived from the 
more limiting LTA. (Note that for the scenario depicted in Figure 
5-3, the MDL is lower than the acute WLA and the average 
monthly limit is lower than the chronic WLA. This scenario will 
occur when a 99-percent probability basis is used to calculate the 
LTA and a 95-percent probability basis is used to calculate the 
permit limits from the lower of the acute and chronic LTA. For 
other probability assumptions, these relationships will differ.) 

5.3.2 Types of Water Quality Models and Model Outputs 

Each of the two major types of water quality models, steady-state 
and dynamic, and their WLA outputs h<'"e specific implications 
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for the subsequent permit limit development process. These 
implications are discussed in detail below. EPA recommends 
that steady-state WLA analyses generally be used by permit
ting authorities in most cases and especially where few or no 
whole effluent toxicity or specific chemical measurements are 
available, or where daily receiving water flow records are not 
available. Two-value, steady-state models, although potentially 
more protective than necessary, can provide toxicologically pro
tective results and are relatively simple to use. If adequate 
receiving water flow and effluent concentration data are avail
able to estimate frequency distributions, EPA recommends 
that one of the dynamic WLA modeling techniques be used to 
derive WLAs that will more exactly maintain water quality 
standards. 

Steady-State Modeling 

Traditional single-value or two-value steady-state WLA models 
calculate WLAs at critical conditions, which are usually combina
tions of worst-case assumptions of flow, effluent, and environ
mental effects. For example, a steady-state model for ammonia 
considers the maximum effluent discharge to occur on the day of 
lowest river flow, highest upstream concentration, highest pH, 
and highest temperature. Each condition by itself has a low 
probability of occurrence; the combination of conditions may 
rarely or never occur. Permit limits derived from a steady-state 
WLA model will be protective of water quality standards at the 
critical conditions and for all environmental conditions less than 
critical. However, such permit limits may be more stringent than 
necessary to meet the return frequency requirements of the water 
quality criterion for the pollutant of concern. 

On the other hand, a steady-state model approach may involve 
simplifying assumptions for other factors, such as ambient back
ground concentrations of a toxicant, multiple source discharges 
of a toxicant, number of pollutants causing toxicity, incorrect 
effluent variability assumptions, and infrequent compliance moni
toring. The effect of these types of factors, especially if unaccounted 
for in the WLA determination, can reduce the level of protective
ness provided by the critical condition assumptions of the steady
state model approach. Therefore, when using a steady-state WLA 
model, the permitting authority should be aware of the different 
assumptions and factors involved and should consider these as
sumptions and factors adequately consideration when develop
ing permit limits. 

In general, steady-state analyses tend to be more conservative 
than dynamic models because they rely on worst case assump
tions. Thus, permit limits derived from these outputs will gener
ally be lower than limits derived from dynamic models. 

a) Single Value From a Steady-State Analysis 

Some single-value, steady-state modeling has been used to calcu
late only chronic WLAs. These models produce a single effluent 
loading value and no information about effluent variability. Single 
value WLAs are typically based upon older State water quality 
standards that do not specify levels for both acute and chronic 
protection but only include one level of protection. Such outputs 
also would be found where a model is based upon protection of 
human health, since only a single long-term ambient value is of 
concern. 



b) Two Values from Steady-State Analysis 

Steady-state modeling for protection of aquatic life can specify 
two sets of calculations-one for protection against acute effects 
and one for protection against chronic effects. These models 
must use water quality criteria specifying two levels of protection. 
In addition, these models include considerations of mixing zones 
when developing Wl.As to afford two levels of protection. Like 
the single-value, steady-state models, these models do not pro
duce any information about acceptable effluent variability and 
may require additional calculations to be translated into permit 
limits. 

For complex discharge situations (i.e., multiple dischargers or 
complex environmental factors needing consideration), water qual
ity models and associated WlAs are typically developed by spe
cialized water quality analysts in the regulatory authority. How
ever, the permit writer is often required to develop a water quality 
model and WLA prior to permit limit derivation. In the latter 
situation, water quality modeling usually consists of simple steady
state dilution models using worst-case assumptions. 

Dynamic Modeling 

Dynamic models use estimates of effluent variability and the 
variability of receiving water assimilation factors to develop efflu
ent requirements in terms of concentration and variability. The 
outputs from dynamic models can be used to base permit limits 
on probability estimates of receiving water concentrations rather 
than worst-case conditions. The advantages and disadvantages 
of various types of dynamic models are provided in Chapter 4. 

In general, dynamic models account for the daily variations of and 
relationships between flow, effluent, and environmental condi
tions and therefore directly determine the actual probability that a 
water quality standards exceedence will occur. Because of this, 
dynamic models can be used to develop WlAs that maintain the 
water quality standards exactly at the return frequency require
ments of the standards. Since this return frequency is usually one 
event in 3 years, WlAs developed by dynamic models are typically 
higher than those developed by steady-state models. 

A targeted long-term average performance level and coefficient of 
variation can be derived from eat:h type of dynamic model out
put, but some of the outputs require some additional manipula
tion of the data to develop the L TA and the CV. These parameters 
are also the starting point for the statistical permit limit derivation 
procedures discussed in the next section. Continuous Simula
tion models offer an array of effluent data that require further 
manipulation to develop an L TA and a CV. Both Monte Carlo 
and lognormal Probabilistic models produce an LTA and CV, 
which can be used directly in developing permit limits. Chapter 4 
details the different dynamic models. Specific instructions for the 
use of dynamic models are available in the references listed at the 
end of Chapter 4. 

5.4 PERMIT UMIT DERIVATION 

There are a number of different approaches currently being used 
by permitting authorities to develop water quality-based limits for 
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toxic pollutants and toxicity. Differences in approaches are often 
attributable to the need for consistency between permit limit 
derivation procedures and the assumptions inherent in various 
types of water quality models and WLA outputs. In addition, 
permitting authorities also are constrained by legal requirements 
and policy decisions that may apply to a given permitting situa
tion. In some instances, however, permitting procedures have 
been adopted without careful consideration of the toxicological 
principles involved or the advantages and disadvantages of the 
procedure. 

To avoid this problem, EPA recommends that the statistical 
permit limit derivation procedure described in this chapter be 
used for the derivation of both chemical-specific and whole 
effluent toxicity limits for NPDES permits. The type of WLA 
chosen from which to derive the limits is a matter of case-by-case 
application, as determined by the permitting authority. Although 
there are advantages and disadvantages associated with each of 
the procedures, EPA believes that the statistical derivation proce
dures will result in the most defensible and protective water 
quality-based permit limits for both specific chemicals and whole 
effluent toxicity. 

The following section explains EPA's recommended permitting 
procedures and highlights advantages and disadvantages of vari
ous other approaches. With this information, permitting authori
ties will be better informed when deciding on the most appropri
ate permit limit derivation approach. For example, permitting 
authorities may decide to derive water quality-based permit limits 
for all dischargers using a steady-state WLA model as a baseline 
limit determination. If time and resources are available or if the 
discharger itself takes the initiative (after approval by the regula
tory authority), dynamic modeling could be conducted to further 
refine the WLA from which final permit limits would be derived. 
Box 5-1 presents example permit limit calculations for each of the 
principal types of WLA outputs discussed in Section 5.4 .1. Permit 
limits derived from dynamic modeling are usually higher than 
those based upon steady-state modeling. The difference is re
flected in Box 5-1 and has been observed in actual applications [1, 
2, 3]. In addition, the case studies in Chapter 7 illustrate how 
water quality-based permit limits are derived and compare the 
results of limits derived from steady state and dynamic wasteload 
allocations. 

5.4. 1 EPA Recommendations tor Pennlttlng tor Aquatic 
Ute Protection 

Permit limit Derivation from Two-Value, Steady-State Out
puts for Acute and Chronic Protection 

A number of WlAs have two results: acute and chronic require
ments. These types of allocations will be developed more often as 
States begin to adopt water quality standards that provide both 
acute and chronic protection for aquatic life. These WLA outputs 
need to be translated into MDLs and AMLs. The following 
methodology is designed to derive permit limits for specific chemi
cals as well as whole effluent toxicity to achieve these WlAs. 

• A treatment performance level (LTA and CV) that will allow 
the effluent to meet the WLA requirement is calculated. 



Box 5-1. Sample Calculations of Permit Limits for Whole Effluent Toxicity 
from Different Wasteload Allocation Data 

r--------- --------------
'----- _ _ _ _ _ _ _ _ _ Available Data_ _ _ __ _ _ _ _ _ J 

l . Two Value wasteload Dynamic model Single waSieiOad ----, 
_ _ _ _ _ _ _ _ !!!~at!!ln output allocation ' 

1 

Wasteload Allocation (}NlA) ---- ---- - - - - -- -143-- -- - - .J 

I 
Acute Wasteload Allocation (WLAa) 2.60 

Chronic Wasteload Allocation ~c) 14.3 

' Acute-Chronic Ratio 

J Coefficient of Variation (CV) 

1 Number of Samples per Month (n) 

1 Long Term Average (LTA) 

<4.62 

0.8 

4 

WlAa,c= WlAa•ACR = 2.60•4.62 = 12.0 

LTAc = WLAc•e [0.5cr42-2.326o41 = 14.3•0.440 {from Table 5-1) = 6.29 

LTAa,c = WlAa,c•e [O.scr2-2.326cr]= 12.0•0.249 

(from Table 5-1) = 2.99 

I I 

0.8 

4 

9.44 

0.8 

4 

__ j 

II MDL = LTAc•e [2.326cr-0.5a2]= 9.44•4.01 (from Table 5-2)= 37.9 

I; 

II AML = LTAc•e (2.326crn·0.5crn2J= 9.44•2.27 (from Table 5-2)= 21.4 1 MDL = LTAa,c•e [2.326o-0.5cr2) = 2.99•4.01 (from Table 5-2) = 12.0 

AML = LTAa,c•e (2.326crn·0.5an21= 2.99•2.27 (from Table 5-2) = 6.79 

-------------------- _________ _j I __ - _I 

[-- ---=--=-------=-~~~"J!~wasteloadallocatlon - ------~ 
:option 1 -------------

1 LTA = WlA•e [0.5a2-2.326cr] = 14.3•0.440 (from Table 5-1) = 6.29 I 
MDL = LTA•e (2.326cr-0.5cr2] = 6.29•4.01 {from Table 5-2) = 25.2 1 

Note: All calculations use the 99th 
percentile z statistic for calculation 
of long-term averages and permit 
limits. 

AMl = LTA•e [2.326crn·0.5an21 = 6.29•2.27 (from Table 5-2) = 14.3 

:option 2 

MDL 

AML 
I _____ -

=WlA 

= MDL/2 

Where two requirements are specified based on different 
duration periods, two performance levels are calculated 
(Box 5-2, Step 2). 

• For whole effluent toxicity only, the acute WLA is converted 
into an equivalent chronic WLA by multiplying the acute 
WLA by an acute-to-chronic ratio (ACR). This ratio should 
optimally be based on effluent data, but also can be esti
mated as 1 0, based on the information presented in Chap
ter 1 and Appendix A. 

• Permit limits are then derived directly from whichever per
formance level is more protective (Box 5-2, Steps 3 and 4). 

Figure 5-4 presents a flow chart summarizing the various steps in 
this procedure. In addition, the equations used in Box 5-2 are 
based on the lognormal distribution, which is explained in more 
detail in Appendix E. The principal advantages of this procedure 
are described below. 

• This procedure provides a mechanism for setting permit 
limits that will be toxicologically protective. A steady-state 
WLA uses a single value to reflect the effluent loading and 
thus is an inherent assumption that the actual effluent will 
not exceed the calculated loading value. tf the WLA is 
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= 14.3 

= 7.1 s 

simply adopted as the permit limit, the possibility exists for 
exceedance of the WLA due to effluent variability. Clearly, 
however, effluents are variable. Therefore, permit limits are 
established using a value corresponding to a percentile of 
the selected probability distribution of the effluent (e.g., 
95th or 99th percentile). 

• It allows comparison of two independent WLAs (acute and 
chronic) to determine which is more limiting lor a dis
charge. The WLA output provides two numbers for protec
tion against two types of toxic effects, each based upon 
different mixing conditions for different durations. Acute 
effects are limited based upon 1-hour exposures at critical 
conditions, close to the point of discharge, or where neces
sary, at the end of the pipe. Chronic effects are limited 
based on 4-day exposures after mixing at critical condi
tions. These requirements yield different effluent treatment 
requirements that cannot be compared to each other with
out calculating the LTA performance level the plant would 
need to maintain in order to meet each requirement. With
out this comparison (or in the absence of procedures that 
address this comparison), the WLA representing the more 
critical condition cannot be determined. A treatment sys
tem will only need to be designed to meet one level of 



Box 5-2. Calculating Permit Limits Based on Two-Value Wasteload Allocation 

To set maximum daily and average 
monthly permit limits based on 
acute and chronic wasteload 
allocations, use the following four 
steps: 

1 
Convert the acute wasteload 
allocation to chronic toxic 
units. Skip to Step 2 for 
chemical-specific limits. 

Calculate the long-term 

2 average wasteload that will 
satisfy the acute and chronic 
wasteload allocations. 

Determine the lower (more 
3 limiting) of the two long-term 

averages. 

Calculate the maximum daily 
4 and average monthly permit 

limits using the lower (more 
limiting) long-term average. 

Term Meaning 

cv Coefficient of variation 

(J Standard deviation 

WLAa,c Acute wasteload allocation 
in chronic toxic units 

WLAa Acute wasteload allocation 
in acute toxic units 

WLAC Chronic wasteload 
allocation in chronic toxic 
units 

LTAac Acute long-term average 
wasteload in chronic units 

LTAC Chronic long-term average 
wasteload 

TUa Acute toxic units 

TUc Chronic toxic units 

ACR Acute-to-chronic ratio 

MDL Maximum daily limit 

AML Average monthly limit 

z z statistic 

Step 1 (for whole effluent toxicity only) 

Step 2 (start here for chemical specific limits) 

LTA = WLA • e [o.5if-zcr) 
a,c a,c 

where cr2 = ln(CV 2 + 1) 
z = 1.645 for 95th percentile probability basis, and 
z = 2.326 for 99th percentile probability basis 

l TA = WLA • e [O.Scr/- zcr4] 
c c 

Step3 

where cr4
2 = ln(CV2/4 +1) 

z = 1.645 for 95th percentile probability basis, and 
z = 2.326 for 99th percentile probability basis 

LTA =min (LTAc, LTAa,c) 

Step4 

MDL== L TA • e [zcr- 0·5ifl 

where~= ln(CV2 + 1) 
z = 1.645 for 95th percentile probability basis, and 
z = 2.326 for 99th percentile probability basis 

AML = L T A • e [zcrn- 0·50n 
2
1 

where crn2 = ln(CV2/n +1) 
z = 1.645 for 95th percentile probability basis, and 
z = 2.326 for 99th percentile probability basis 

'Full details of this procedure are found in Appendix E. 
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Calculate Chronic 
Equivalent WLA ,_.mo-t 

IDIIcily only) 
Back-Calculate 

LTAc 

Back.C.Iculate 
Chronic Equivalent 

LTAa,c 

Use 
LTAc 

Calculate Maximum 
Dally Umlt 

Calculate Average 
Monthly Umlt 

use 
LTAa,c 

Figure 5-4. Flowchart for Calculating Permit Limits From 
Two-Value, Steady-State Wasteload Allocation 

for Aquatic life Protection 

treatment for effluent toxicity-treatment needed to control 
the most limiting toxic effect. 

• The actual number of samples can be factored into permit limit 
derivation procedures. The procedure provides the means to 
accurately determine the AML based on the number of obser
vations that will be taken. 

The principal disadvantages of this approach are: 

• Some permit writers have indicated that additional math
ematical calculations associated with these procedures increase 
the burden for the permit writer and add what is perceived to 
be an unnecessary step. 

• The use of a steady-state WLA may result in permit limits that 
are more conservative due to the assumption of critical condi
tions. However, these limits are still protective of water quality 
criteria. The level of conservatism may be necessary in those 
instances where limited data prevent a more precise evaluation 
of a WLA. 
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This procedure provides a toxicologically sound approach. To 
help the permit writer, EPA has developed tables (see Tables 5-1 
and S-2) to be used to quickly determine the necessary values. In 
addition, some permit authorities have developed their own com
puter programs to readily compute the necessary information 
from the appropriate inputs. 

Permit limit Derivation From Dynamic Model Outputs 

The least ambiguous and most exact way that a WlA for specific 
chemicals or for whole effluent toxicity can be specified by using 
dynamic modeling from which the WLA is expressed as a required 
effluent performance in terms of the L T A and 01 of the daily 
values. When a WLA is expressed as such, there is no confusion 
about assumptions used and the translation to permit limits. A 
permit writer can readily design permit limits to achieve the WlA 
objectives. The types of dynamic exposure analyses that yield a 
WlA in terms of required performance are the continuous simula
tion, Monte Carlo, and lognormal probabilities analyses. Chapter 
4 provides a general discussion of these models. Guidance manu
als for developing WLAs are listed in the references at the end of 
Chapter 4. Once the WlA is determined, the permit limit deriva
tion procedure which can be used for both whole effluent toxicity 
and specific chemicals, is as follows: 

• The WlA is first developed by iteratively running the dy
namic model with successively lower LTAs until the model 
shows compliance with the water quality standards. 

• The effluent LTA and 01 must then be calculated from the 
model effluent inputs used to show compliance with the 
water quality standards. This step is only necessary for the 
Monte Carlo and continuous simulation methods. 

• The permit limit derivation procedures described in Box 5-
2, Step 4 are used to derive MDls and AMls from the 
required effluent LTA and CV. Unlike these procedures for 
steady-state WLAs, there is only a single LTA that provides 
both acute and chronic protection, and, therefore, the 
comparison step indicated in Figure S-4 and Box S-2 is 
unnecessary. 

The principal advantages of this procedure are: 

• It provides a mechanism for computing permit limits that 
are toxicologically protective. As with the procedure sum
marized below for two-value, steady-state WLA outputs, 
the permit limit derivation procedures used with this type 
of output consider effluent variability and derive permit 
limits from a single limiting LTA and 01. 

• Actual number of samples is factored into permit limit 
derivation procedures. This procedure has the same ele
ments as discussed for the statistical procedures in Option 2 
below. 

• Dynamic modeling determines an LTA that will be ad
equately protective of the WLA, which relies on actual flow 
data thereby reducing the need to rely on worst case critical 
flow condition assumptions. 



Table S-1. Back Calculations of long-Term Average 
-------.-------------~-~~-~-

WLA Multipliers 

cv j--- -~0.5 o 2-zo] 1 

______ e ___________ I 
I 

95th 99th I 

~---t--Per~~'':. J _ ~~~~~~ _J 
0.1 0.853 
0.2 0.736 
0.3 0.644 
0.4 0.571 
0.5 0.514 
0.6 0.468 
0.7 0.432 
0.8 0.403 
0.9 0.379 
1.0 0.360 
1.1 0.344 
1.2 0.330 
1.3 0.319 
1.4 0.310 
1.5 0.302 
1.6 0.296 
1.7 0.290 
1.8 0.285 
1.9 0.281 
2.0 0.277 

0.797 
0.643 
0.527 
0.440 
0.373 
0.321 
0.281 
0.249 
0.224 
0.204 
0.187 
0.174 
0.162 
0.153 
0.144 
0.137 
0.131 
0.126 
0.121 
0.117 

Acute 

(0.5 o 2
- l" l 

L T Aa.c = WLAa.c • e 

where o 2 = In [CV
2 

+ 1 ). 
z = 1.645 lor 95th percentile occurrence probability, and 
z = 2.326 for 99th percentile occurrence probability 

1--- -- -----------------------------------------1 

Chronic 
(4-day average) 

where o4
2 =In [CV

2
/4 + 1), 

z = 1.6451or 95th percentile occurrence probability, and 
z = 2.326 lor 99th percentile occurrence probability 

I _______ T _______________ _ 
1 

WLA Multipliers 1 
I . 

CV [0.5 o/- z o4 ] e 
r---------------------
1 95th I 99th I 

Percentile Percentile 1 

r- - - - ·-- ·- t - ----- i- -----• 
0.1 0.922 I 0.891 1 

0.2 0.853 0.797 I 
0.3 0.791 0.715 
0.4 0.736 0.643 
0.5 0.687 0.581 
0.6 0.644 0.527 
0.7 0.606 0.481 
0.8 0.571 0.440 
0.9 0.541 0.404 
1.0 0.514 0.373 
1.1 0.490 0.345 
1.2 0.468 0.321 
1.3 0.449 0.300 
1.4 0.432 0.281 
1.5 0.417 0.264 
1.6 0.403 0.249 
1.7 0.390 0.236 
1.8 0.379 0.224 
1.9 0.369 i 0.214 I 

----~--~-_j__- 2_:<) ____ 1_- -~~- -~- _0_:_2~-- _' 

The principal disadvantages of this procedure are: 

• Necessary data for effluent variability and receiving water 
flows may be unavailable, which prevents the use of this 
approach. 

• The amount of staff resources needed to explain how the 
limits were developed and to conduct the WLA also is a 
concern. The permit documenUition (i.e., fact sheet) will 
need to clearly explain the basis for the L TA and CV and this 
can be resource intensive. 
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Permit Limit Derivation From Single, Steady-State Model 
Output 

Some State water quality criteria and the corresponding WLAs are 
reported as a single value from which to define an acceptable 
level of effluent quality. For example, "copper concentration 
must not exceed 0.75 milligrams per liter (mg/1) instream." Steady
state analyses assume that the effluent is constant and, therefore, 
the WLA value will never be exceeded. This presents a problem in 
deriving permit limits because permit limits need to consider 
effluent variability. 



Table S-2. Calculation of Permit limits 

LTA multipliers 

cv e 
[ z (J - 0.5 cr2 J 

95th 99th 
Percentile Percentile 

0.1 1.17 1.25 
0.2 1.36 1.55 
0.3 1.55 1.90 
0.4 1.75 2.27 
0.5 1.95 2.68 
0.6 2.13 3.11 
0.7 2.31 3.56 
0.8 2.48 4.01 
0.9 2.64 4.46 
1.0 2.78 4.90 
1.1 2.91 5.34 
1.2 3.03 5.76 
1.3 3.13 6.17 
1.4 3.23 6.56 
1.5 3.31 6.93 
1.6 3.38 7.29 
1.7 3.45 7.63 
1.8 3.51 7 95 
1.9 3.56 8.26 
2.0 3.60 8.55 

cv 

Average Monthly Limit 
n=1 

0.1 1.17 
0.2 1.36 
03 1.55 
0.4 1.75 

[ z "n- 0.5 "n2 J 
0.5 1.95 

AML = LTA•e 0.6 2.13 
0.7 2.31 

where crn2 = In [ CV2 In+ 1 ], 
0.8 2.48 
09 2.64 

z = 1.645 for 95th percentile, 1.0 2.78 
z = 2.326 for 99th percentile, and 1.1 2.91 
n = number of samples/month 1.2 3.03 

1.3 3.13 
1.4 3.23 
1.5 3.31 
1.6 3.38 
1 7 3.45 
1.8 3.51 
1.9 3.56 
2.0 3.60 

The proper enforcement of this type of WLA depends on the 
parameter limited. For nutrients and biochemical oxygen de
mand (BOD), the WLA value generally has been used as the 
average daily permit limit. However, the impact associated with 
toxic pollutants is more time dependent, as reflected in the 4-day 
average duration for the criteria continuous concentration (CCC) 
(see Chapter 2). Where there is only one water quality criterion 
and therefore only one WLA, permit limits can be developed 
using the following procedure: 

• Consider the single WLA to be the chronic WLA and derive 
an chronic LTA for this WLA using the procedures in Box 5-
2 (Step 2, Part 2). 

• Derive MDLs and AMLs using the procedures in Box 5-2 
(Step 4). 

Maximum Daily Limit 

MDL::: LTA • e [zcr-o.sd! l 

where cr2 = In [ CV2 + 1 ], 
z = 1.645 for 95th percentile occurrence probability, and 
z = 2.326 for 99th percentile occurrence probability 

LTA Multipliers 

e [ z Cln - 0.5 "n2 J 

95th 99th 
Percent1le Percentile 

n=2 n=4 n=10 n=30 n=1 n=2 n=4 n=10 n=30 

1.12 
1.25 
1.38 
1.52 
1.66 
1.80 
1.94 
2.07 
2.20 
2.33 
2.45 
2.56 
2.67 
2.77 
2.86 
2.95 
3.03 
3.10 
3.17 
3.23 

103 

1.08 106 1.03 1.25 1.18 1.12 1 08 1.04 
117 1.12 1.06 1.55 1.37 1.25 116 1.09 
1.26 1.18 1.09 1.90 1.59 1.40 1 24 1 13 
1.36 1.25 1 12 2.27 1.83 1.55 1.33 118 
1.45 1.31 1.16 2.68 2.09 1.72 1.42 1.23 
1.55 1.38 1.19 3.11 2.37 190 1 52 1.28 
1.65 1.45 1.22 3.56 2.66 2.08 162 1.33 
1.75 1.52 1.26 4.01 2.96 2.27 1 73 1.39 
1.85 1.59 1.29 4.46 3.28 2.48 1.84 1.44 
1.95 1.66 1.33 4.90 3.59 2.68 196 1.50 
2.04 1 .73 1.36 5.34 3.91 2.90 2.07 1 56 
2.13 1.80 1.39 5.76 4.23 3.11 2.19 1.62 
2.23 1.87 1.43 6.17 4.55 3.34 2.32 168 
2.31 1.94 , .47 6.56 4.86 3.56 2.45 1 74 
2.40 2.00 1.50 6.93 5.17 3.78 2.58 1 80 
2.48 2.07 1.54 7.29 5.47 4.01 2.71 1.87 
2.56 2.14 1.57 7.63 5.77 4.23 2.84 193 
2.64 2.20 1.61 7.95 6.06 4.46 2.98 2.00 
2.71 2.27 1.64 8.26 6.34 4.68 3.12 2.07 
2.78 2.33 1.68 8.55 6.61 4.90 3.26 2.14 

The principal advantages and disadvantages of this procedure are 
similar to those for the two-value permit limit derivation method 
discussed previously except that it does not examine two WLAs. 

5.4.2 Other Approachlls to Permitting tor Aquatic Life 
Other approaches for translating WLA outputs into permit limits 
have been used by some permitting authorities. These methods 
may combine elements of the statistical procedures discussed 
earlier with specific technical and policy requirements of the 
permitting authority to derive limits that may be protective of 
water quality and consistent with the requirements of the WLA. 
Such approaches may use simplified statistical procedures. 



For example, some permitting authorities assume a value for the 
CV and an acute to chronic ratio above which the chronic WLA 
will always be more limiting. Where such simplifying assumptions 
are used, the need to compare L TAs derived from acute and 
chronic steady-state models is unnecessary. Similarly, for as
sumed values for n, CV, and exceedence probability, the various 
equations shown in Box 5-2 can be simplified further, such that 
the AML will always be a constant fraction of the MDL 

These approaches allow the permit writer to rapidly and easily 
translate the results of WLAs into permit limits. However, the 
permit writer clearly should understand the underlying proce
dures and carefully explain the basis for the chosen assumption. 
Appropriate State or regional guidance documents also should be 
referenced. 

Another approach used by some permit authorities involves the 
direct use of the WLA as a permit limit. This approach sometimes 
involves the following steps: 

• The WLA value for toxic pollutants is used as the MDL 

• In the absence of other information, permit writers typically 
divide the MDL by 1.5 or 2.0 to derive an AML (depending 
on the expected range of variability). 

The principal advantage of this approach is that it is very straight
forward to implement and requires minimal resources. The disad
vantage of this option is that the average monthly limits must be 
derived without any information about the variability of the efflu
ent parameter; therefore, the permit writer cannot be sure that 
these procedures are protective of water quality criteria. Con
versely, limits derived from this approach may be overly stringent 
and subject to challenge. 

The direct application of both the acute and chronic WLAs as 
permit limits is another approach that has been used. The WLA 
developed for protection against chronic effects becomes the 
average monthly limit and the acute WLA becomes the MDL 
EPA discourages the use of this approach. Since effluent vari
ability has not been specifically addressed with this approach, 
compliance with the monthly average (30-day) effluent limit 
during critical conditions could exceed the chronic (4-day) WLA. 
Whether standards are violated with excessive frequency under 
such conditions would depend upon whether the conditions 
represented by the worst-case assumptions of the model also 
were occurring at the same time. By contrast, compliance with 
limits that were developed using statistical procedures have a low 
chance of leading to WLA excursions before effluent variability is 
accounted for in deriving the limits (see Figure 5-3). 

Another permitting approach is to use a narrative "no toxicity" 
limit that is measured using a toxicity testing method that em
ploys only a control and a single exposure at the receiving water 
concentration (RWC). This is sometimes referred to as a "pass/ 
fail" toxicity test. Although these tests can be less expensive than 
full dilution series testing, they provide no knowledge as to the 
extent of toxicity present during the test and therefore no data 
concerning the seriousness of the impact or the amount of toxic
ity reduction necessary. The death of a single test animal can 
occur at any concentration level beyond the lethality threshold for 
the test organism; therefore, such a test is much less powerful 
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from a statistical standpoint. In addition, it is not possible to 
determine dose-response relationships for the test organisms with
out using multiple effluent concentrations. Dose-response curves 
are useful in determining quality assurance of the tests and in 
defining threshold dosages for regulatory purposes. Because the 
drawbacks of the approach generally outweigh the benefits, EPA 
recommends that whole effluent toxicity limits be established 
using a statistical derivation procedure that adequately ac
counts for effluent variability and that monitoring for compli
ance with whole effluent toxicity limits be conducted using a 
full dilution series. 

When setting a whole effluent toxicity limit to protect against 
acute effects, some permitting authorities use an end-of-pipe 
approach. Typically, these limits are established as an LCso> 1 00-
percent effluent at the end of the pipe. These limits are routinely 
set without any consideration as to the fate of the effluent and the 
concentrations of toxicant(s) after the discharge enters the receiv
ing water. Limits derived in this way are not water quality-based 
limits and suffer from significant deficiencies since the toxicity of a 
pollutant depends mostly upon concentration, duration of expo
sure, and repetitiveness of the exposure. This is especially true in 
effluent dominated waters. For example, an effluent that has an 
LCso=100 percent contains enough toxicity to be lethal to up to 
50 percent of the test organisms. If the effluent is discharged to a 
low-flow receiving waterbody that provides no more than a three
fold dilution at the critical flow, significant mortality can occur in 
the receiving water. Furthermore, such a limit could not assure 
protection against chronic effects in the receiving waterbody. 
Chronic effects could occur if the dilution in the receiving water 
multiplied by the acute to chronic ratio is greater than 1 00 
percent. Therefore, in effluent dominated situations, limits set 
using this approach may be severely underprotective. In contrast, 
whole effluent toxicity limits set using this approach in very high 
receiving water flow conditions may be overly restrictive. Be
cause of these problems, EPA recommends that all whole 
effluent toxicity limits be set as water quality-based limits and 
that to do so, the statistical permit limit derivation procedures 
discussed in Section 5.4.1 be followed. 

5.4.3 Special PfJtfllltt/ng RequlremBnts 
Water quality-based permit limit development for discharges to 
marine and estuarine waters follows the same basic steps as the 
water quality-based approach for freshwater discharges. There 
are some differences in the water quality criteria used as the basis 
for protection, the designation of mixing zones, and the water 
quality models used to develop WLAs; however these differences 
are addressed in the WLA. (See discussions of these elements in 
previous chapters.) In addition, there are some special regulatory 
considerations associated with these types of dischargers, includ
ing special reviews of permits with such programs as the Coastal 
Zone Management Program. Some discharges also require an 
Ocean Discharge Criteria Evaluation under Section 403(c) of the 
Clean Water Act (CWA). 

5.4.4 EPA Reclltllltlllndatlons for Petmlnlng for Human 
lltlalth Protllctlon 

Permit development to protect against certain routes of exposure 
is another key consideration. Ingesting contaminated fish and 
shellfish is a toxic chemical exposure route of serious potential 



human health concern for which there is no inteiVening treat
ment process, unlike the drinking water route of exposure. Efflu
ent limits designed to meet aquatic life criteria for individual 
toxicants and whole effluent toxicity are not necessarily protective 
of toxic pollutant residue formation in fish or shellfish tissue. 

Developing permit limits for pollutants affecting human health is 
somewnat different from setting limits for other pollutants be
cause the exposure period is generally longer than 1 month, and 
can be up to 70 years, and the average exposure rather than the 
maximum exposure is usually of concern. Because compliance 
with permit limits is normally determined on a daily or monthly 
basis, it is necessary to set human health permit limits that meet a 
given WlA for every month. If the procedures described previ
ously for aquatic life protection were used for developing permit 
limits for human health pollutants, both MDls and AMls would 
exceed the WlA necessary to meet criteria concentrations. Thus, 
even if a facility was discharging in compliance with permit limits 
calculated using these procedures, it would be possible to con
stantly exceed the WLA. This approach clearly is unacceptable. In 
addition, the statistical derivation procedure is not applicable to 
exposure periods more than 30 days. Therefore, the recom
mended approach for setting water quality-based limits for hu
man health protection with statistical procedures is as follows: 

• Set the AML equal to the WLA 

• Calculate the MDL based on effluent variability and the 
number of samples per month using the multipliers pro
vided in Table 5-3. 

This approach ensures that the instream criteria will be met over 
the long-term and provides a defensible method for calculating a 
MDL Both an MDL (weekly average limit for POTWs) and a 
monthly average limit are required by EPA regulations, unless 
impracticable (40 CFR 122.45(d)) and are applicable for human 
health protection. The MDL sets an upper bound on effluent 
values used to determine the monthly average and provides a 
measure of effluent compliance during operational periods be
tween monthly sampling. 

5.5 SPECIAL CONSIDERATIONS IN USE OF 
STATISTICAL PERMIT UMIT DERIVATION 
TECHNIQUES 

The following discussion summarizes the effect of changes in the 
various statistical parameters on the permit limits that are derived. 
An understanding of these relationships is important for the per
mit writer. Additional considerations of each of these parameters 
with respect to the statistical methods for permit limit derivation 
also are discussed below. 

5.5. t EftBct of Changes of Statistical ParamtltfltS 011 Pennlt 
Limits 

• Effect of changes in CV on derivation of l T A from WLA: 
As the CV increases, the lT A decreases; and conversely, as 
the CV decreases, the LTA increases (see Figure S-5). 

lOS 

Reason: The LTA must be lower relative to the WlA to 
account for the extreme values observed with high CVs. An 
l T A with a zero CV equals the WlA. 

• Effect of changes in CV on derivation of permit limits for 
a fixed probability basis: As the CV increases, the permit 
limits increase (become less stringent); and conversely, as 
the CV decreases, the permit limits decrease (become more 
stringent; see Figure 5-6). 

Reason: A higher value for the permit limit is produced for 
the same LTAs as the CV increases in order to allow for 
fluctuations about the mean. Following the steps in Box 5-
2 to derive the LTA will account for such fluctuations. 

• Effect of changes in number of monthly samples on 
permit limits: As the value for "n" (number of obse!Va
tions) increases in the average monthly permit limit deriva
tion equations, the average monthly permit limit decreases 
to a certain point. The effect on the average monthly limit 
is minimal for values of n greater than approximately 1 0. 
Conversely, as the value for "n" decreases, the AML in
creases until n=l, at which point the AML equals the MDL 
(see Figure S-7). 

Reason: As n increases, the probability distribution of the 
n-day average values becomes less variable (narrower) 
around the LTA. Therefore, the 95th or 99th percentile 
value for an n-day average decreases in absolute value as n 
increases. (See additional discussion in Section 5.5.3.) 

• Effect of changes in probability basis for permit limits: 
As the probability basis for the permit limits expressed in 
percentiles (e.g., 95 percent and 99 percent) increases, the 
value for the permit limits increases (becomes less strin
gent). The converse is true as the probability basis de
creases (see Figure S-6). 
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Figure 5-5. long-Term Average as a Function of the 
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Reason: There is a higher probability that any randomly 
chosen effluent sample will be in compliance with its permit 
limits, if those limits are statistically designed to be greater 
than a high percentage (e.g., 99 percent) of all possible 
values for a given LTA and 0/. 

The overall combination of the coefficient of variation, number of 
samples, and the assumed probability basis for calculating the L TA 
from the WLA, and the most limiting LTA, has different effects on 
the derived limits depending upon the selection made for each. 
To help illustrate the combined effect of these factors, Figure 5-8 

illustrates how the 0/, number of samples and probability basis 
affect the derivation of the AML. Figure 5-9 illustrates the com
bined effect of the 01 and the probability basis on the derivation 
of the MDL. 

5.5.2 CDIIftlclent of VMIIItlotl 
Use of the statistical method of permit limit derivation requires an 
estimate of the 01 of the distribution of the daily measurements 
of the parameter after the plant complies with the requirements. 

Table 5-3. Multipliers for Calculating Maximum Daily Permit limits From Average Monthly Permit limits 

To obtain the maximum daily permit limit (MDL) for a bioconcentratable pollutant, multiply the average monthly permit limit 
(AML) (the wasteload allocation) by the appropriate value in the following table. 

Each value in the table is the ratio of the MDL to the AML as calculated by the following relationship derived from Step 4 of the 
statistically based permit limit calculation procedure. 

MDL= exp (ZmO- 0.5o2] 

AML ;~P~~~.:Os~n2l 
where 

On2= In (012/n + 1) 

o2 = In (CV2 + 1) 
01= the coefficient of variation of the effluent concentration 
n = the number of samples per month 
Zm = the percentile exceedance probability for the MDL 
Za = the percentile exceedance probability for the AML. 

_________ l{<!!i~_l!~~~.!l-Ma~rtl.':'!l:'_[)~~ly_a'!~ ~v!r~2e_ ~~n!h_ly_ P_e~it_ L!mits I 
Maximum = 99th percentile Maximum = 99th percentile 
Average= 95th percentile Average = 99th percentile 

-- -- -- -- -- -

cv n=l n=2 n=4 n=8 n=30 n=l n=2 n=4 n=8 n=30 
-- - - - -

0.1 1.07 1.13 1.16 1.18 1.22 1.00 1.07 1.12 1.16 1.20 
0.2 1.14 1.25 1.33 139 1.46 1.00 1.13 1.24 1.32 1.43 
0.3 1.22 1.37 1.50 1.60 1.74 1.00 1.19 1.36 1.49 1.67 
0.4 1.30 1.50 1.67 1.82 2.02 1.00 1.24 1.46 1.66 1.92 
0.5 1.38 1.622 1.84 2.04 2.32 1.00 1.28 1.56 1.81 2.18 
0.6 1.46 1.73 2.01 2.25 2.62 1.00 1.31 1.64 1.95 2.43 
0.7 1.54 1.84 2.16 2.45 2.91 1.00 1.34 1.71 2.08 2.67 
0.8 1.61 1.94 2.29 2.64 3.19 1.00 1.35 1.76 2.19 2.89 
0.9 1.69 2.03 2.41 2.81 3.45 1.00 1.36 1.80 2.27 3.09 
1.0 1.76 2.11 2.52 2.96 3.70 1.00 1.37 1.83 2.34 3.27 
1.1 1.83 2.18 2.62 3.09 3.93 1.00 1.37 1.84 2.39 3.43 
1.2 1.90 2.25 2.70 3.20 4.13 1.00 1.36 1.85 2.43 3.56 
1.3 1.97 2.31 2.77 3.30 4.31 1.00 1.36 1.85 2.45 3.68 
1.4 2.03 2.37 2.83 3.39 4.47 1.00 1.35 1.84 2.46 3.77 
1.5 2.09 2.42 2.89 3.46 4.62 1.00 1.34 1.83 2.46 3.84 
1.6 2.15 2.42 2.89 3.46 4.62 1.00 1.33 1.82 2.46 3.90 
1.7 2.~1 2.52 2.98 3.57 4.85 1.00 1.32 1.80 2.45 3.94 
1.8 2.27 2.56 3.01 3.61 4.94 1.00 1.31 1.78 2.43 3.97 
1.9 2.32 2.60 3.05 3.65 5.02 1.00 1.30 1.76 2.41 3.99 l 

2.0 2.37 2.64 
I 

3.07 3.67 5.09 1.00 1.29 1.74 2.38 4.00 i 
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If variability is mostly related to production, current data may be 
used to estimate the CV. If future variability is expected to be 
substantially different, the CV must be estimated. Discharges of 
toxic pollutants are generally more variable than discharges of 
conventional pollutants. It is important to use the best estimate of 
the CV that can be reasonably achieved. As explained in Chapter 
3, EPA's review of the uncertainty associated with effluent variabil
ity suggests that a minimum of 10 samples is needed to reason
ably quantify the CV. 

One concern with respect to using an appropriate CV in the 
statistical limit derivation procedures is that CVs of regulated 
systems may be quite different from nonregulated systems. In 
other words, after permit limits are in place and the permittee is 
operating to achieve the requisite limits, the variability associated 
with the parameter of concern may change considerably. Where 
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the permit writer has reason to believe that the CV of the regu
lated system may behave differently from the nonregulated sys
tem (e.g., where changes in the treatment facility are planned), 
information concerning effluent concentration means and vari
ability can be obtained from effluent guideline documents for 
individual chemical parameters. 

Variability associated with effluent levels of both individual chemi
cals and whole effluent toxicity is difficult to predict for any 
individual situation. However, it is important to recognize that 
failure to assign any CV to an individual toxicant or the parameter 
toxicity involves an implicit assumption that there is no effluent 
variability present. Based upon analyses of a wide variety of data 
from various types of plants, EPA recommends a value of 0.6 as 
a default CV, if the regulatory authority does not have more 
accurate information on the CV for the pollutant or pollutant 
parameter. Permit limits are usually not extremely sensitive to 
small changes in the CV. The value of 0.6 is typical of the range of 
variability of effluents measured by EPA (see Appendix A) and 
represents a reasonable degree of relative variability. However, 
wherever possible, it is recommended that data on effluent vari
ability for the pollutant of concern be collected to define a CV 
rather than selecting a default value. 

5.5.3 Number of Samples 
The statistically based method for permit limit derivation results in 
an MDL that does not depend on monitoring frequency. How
ever, the AML decreases as the monitoring frequency increases, 
and a greater number for "n" is inserted in the relevant equations. 
Some permit writers are concerned with this outcome because 
facilities with more frequent sampling requirements appear to 
receive more stringent permit limits than those with less frequent 
monthly sampling requirements. 

The AML decreases as the number of monthly samples increases 
because an average of 1 0 samples, for example, is closer to the 
LTA than an average based on 4 samples. This phenomenon 
makes AMLs based on 1 0 samples appear to be more stringent 
than the monthly limit based on 4 samples. However, the strin
gency of these procedures is constant across monitoring frequen
cies because the probability basis and the targeted LTA perfor
mance are the same regardless of the number of samples taken. 
Thus, a permittee performing according to the LTA and variability 
associated with the wasteload allocation will, in fact, meet either 
of these AMLs when taking the corresponding number of monthly 
samples. 

For water quality-based permitting, effluent quality is determined 
by the underlying distribution of daily values, which is determined 
by the LTA associated with a particular WLA and by the CV of the 
effluent concentrations. Increasing or decreasing monitoring 
frequency does not affect this underlying distribution or treat
ment performance, which should, at a minimum, be targeted to 
comply with the values dictated by the WLA. Therefore, it is 
recommended that the actual planned frequency of monitor
ing normally be used to determine the value of n for calculat
ing the AML However, in situations where monitoring fre
quency is once per month or less, a higher value for n must be 
assumed for AML derivation purposes. This is particularly 
applicable for addressing situations such as where a single crite
rion is applied at the end of the pipe and a single monthly sample 
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is contemplated for compliance monitoring purposes, or where 
monitoring frequency is only quarterl)l. In this case, both the 
average monthly and the MDL would exceed the criterion. (For 
example, for a CCC of 1.0 chronic toxic unit [TUJ applied as a 
WLA at the end of the pipe, both the MDL and AML would be 1.6 
TU6 assuming CV=0.6, n= 1, and a 99-percent probability basis.) 
A discharger could thus comply with the permit limit but rou
tinely exceed the criterion. Under these circumstances, the 
statistical procedure should be employed using an assumed 
number of samples of at least four for the AML derivation. 

5.5.4 Probability Basis 
Selection of the probability basis for use in the equations in Boxes 
5-1 and 5-2 is a permitting authority decision necessary for estab
lishing statistically derived permit limits. Where a permitting 
authority does not have specific guidance for the probability 
basis, EPA recommends the following: 

For calculation of the L T As from the WLAs (Box 5-2): 

• Both acute and chronic WLA-.01 probability (99th per
centile level). 

For calculation of permit limits from the most limiting LTA (Box 5-
1): 

• MDL-.01 probability basis (99th percentile level) 

• AML-.05 probability basis (95th percentile level). 

The probability levels for deriving permit limits have been used 
historically in connection with development of the effluent limits 
guidelines and have been upheld in legal challenges to the guide
lines [4}. It is important to note that these levels are statistical 
probabilities used as the basis for developing limits. The goal in 
establishing these levels is to allow the regulatory agency to 
distinguish between adequately operated wastewater treatment 
plants with normal variability from poorly operated treatment 
plants and to protect water quality criteria. 

The level for the calculation of the L T A from the WLA is based 
upon EPA's interpretation of the steady state model used to 
develop the WLA. EPA considers the WLA to produce an effluent 
condition that should never be exceeded whenever the critical 
design conditions occur. To characterize this effluent condition, 
EPA uses the 99th percentile concentration from the upper tail of 
the effluent probabilistic distribution curve. The selection of this 
value is one which can have a significant influence on the level of 
conservatism in the permit limits. Permit authorities should con
sider Figures 5-8 and 5-9 to understand the effect of this decision 
along with other decisions on the AMLs and MDLs. 

5.6 PERMIT DOCUMENT AnON 

The fact sheet and supporting documentation accompanying the 
permit must clearly explain the basis and the rationale for the 
permit limits. When the permit is in the draft stage, the support
ing documentation will serve to explain the rationale and assump
tions used in deriving the limits to the permittee and the general 
public in order to allow public comment on the draft permit. 
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When the permit is issued, the administrative record for the 
facility (particularly the fact sheet) will be the primary support for 
defending the permit in administrative appeals including 
evidentiary hearings. This information also will serve to alert 
compliance/enforcement personnel to any special considerations 
that were addressed at the time of permit issuance. In addition, 
the accompanying documentation will be extremely important 
during permit reissuance and will assist the permit writer in devel
oping a revised permit. 

In 40 CFR Part 124.56, a fact sheet containing "[a]ny calculations 
or other necessary explanation of the derivation of specific efflu
ent limitations" for many draft permits is required. Accordingly, 
the WLAs along with the required L TA and CV used and the 
calculations deriving them must be included or referenced in the 
fact sheet. The permit limit derivation method used must also be 
explained in the permit documentation. Where a permitting 
authority develops a standardized and simplified method for per
mit limit development as discussed in Section 5.4.2, the permit
ting authority may not need to document all of the underlying 
assumptions in the fact sheet, provided that the fact sheet refer
ences a written permit limit development protocol. Any other 
guidance used must also be cited. 

5.7 EXPRESSifli UMITS AID DEVELOPING 
MONITORING REQUIREMENTS 

Limits must be expressed clearly in the NPDES permit so that they 
clearly are enforceable and unambiguous. Chapter 6 discusses 
compliance monitoring and enforcement problems that can re
sult from improperly expressed limits. All limits, both chemical
specific and whole effluent, should appear in Part 1 of the permit. 
Special considerations in the use of both chemical-specific and 
whole effluent toxicity limits are discussed below. 

5. 7. 1 Mass·btlssd Efflllllllt Limits 
Mass-based effluent limits are required by NPDES regulations at 
40 CFR 122.45(f). The regulation requires that all pollutants 
limited in NPDES permits have limits, standards, or prohibitions 
expressed in terms of mass with three exceptions, including one 
for pollutants that cannot be expressed appropriately by mass. 
Examples of such pollutants are pH, temperature, radiation, and 
whole effluent toxicity. Mass limitations in terms of pounds per 
day or kilograms per day can be calculated for all chemical
specific toxics such as chlorine or chromium. Mass-based limits 
should be calculated using concentration limits at critical flows. 
For example, a permit limit of 1 0 mg/1 of cadmium discharged at 
an average rate of 1 million gallons per day also would contain a 
limit of 38 kilograms/day of cadmium. 

Mass-based limits are particularly important for control of 
bioconcentratable pollutants. Concentration-based limits will not 
adequately control discharges of these pollutants if the effluent 
concentrations are below detection levels. For these pollutants, 
controlling mass loadings to the receiving water is critical for 
preventing adverse environmental impacts. 

However, mass-based effluent limits alone may not assure attain
ment of water quality standards in waters with low dilution. In 



these waters, the quantity of effluent discharged has a strong effect 
on the instream dilution and therefore upon the RWC. At the 
extreme case of a stream that is 100 percent effluent, it is the effluent 
concentration rather than the effluent mass discharge that dictates 
the instream concentration. Therefore, EPA recommends that per
mit limits on both mass and concentration be specified for 
effluents discharging into waters with less than 100 fold dilution 
to ensure attainment of water quality standards. 

5.7.2 Energy Cotls8mlllon 
Water quality-based permit limits by themselves do not provide any 
incentive to dischargers to reduce wastewater flows. The reverse is 
true; a more dilute effluent means water quality-based limits are 
more easily achieved. However, increased flow translates into in
creased power consumption for treatment facilities. Significant power 
usage stems from pumping and mixing of volumes of wastewater in 
treatment systems. If the volume of wastewater can be reduced, 
power consumption can be reduced and less fossil fuel burned. Such 
reductions can be expected to result in concomitant decreases in air 
pollution. 

Therefore, EPA recommends that flow reductions and energy savings 
be specifically encouraged where appropriate (usually in dilutions 
greater than 100:1) by allowing water quality-based permit limits to 
be mass-based and by allowing concentration-based limits to vary in 
accordance with flow reduction requirements. The permit also could 
include an energy savings analysis subject to approval by the permit
ting authority. 

5. 7.3 ConsldllratiOIIS In tllllllsll of Chllllllcal-speclflt: Um/ts 

Metals 

Another common problem encountered in expressing permit limits 
occurs for metals. Some water quality standards express numeric 
criteria for metals in terms of the dissolved or acid soluble phase of 
the metal. NPDES regulations at 40 CFR 122.45(c) require permit 
limitations for metals to be expressed in terms of total recoverable 
metal unless (1) an effluent guideline requires the use of another 
form, (2) technology-based limits are established on a case-by-case 
basis, or (3) the approved analytical method measures only the 
dissolved form. 

Where State water quality standards are expressed directly as total or 
total recoverable metals, the permit limit can be established directly. 
Where the water quality standards are expressed as dissolved or acid 
soluble metal, the permit writer will need to reconcile the different 
expressions of metals when establishing the permit limits. Some 
State water quality standards implementation policies or procedures 
provide the requirements for this conversion. In instances where a 
State has no policy or procedure, the permit writer can take one of 
four approaches. First, the permit writer could assume no difference 
between the dissolved or acid soluble phases and the total recover
able phase. This is the most stringent approach and would be most 
appropriate in waters with low solids, where the discharged form of 
the metal was mostly in the dissolved phase, or where data to use the 
other options are unavailable. Second, the permit writer could 
develop a site-specific relationship between the phases of metals by 
developing a relationship through review of information on instream 
metal concentrations. This approach requires concurrent sampling 
of both metal phases during periods reflective of the environmental 
conditions used to determine the WLA. Third, the permit writer 
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could use a relationship developed by EPA from national data; 
this relationship is described in the national guidance for deter
mining WLAs for toxic metals in rivers. This relationship re
quires knowledge of instream concentrations of total suspended 
solids at the environmental conditions used to determine the 
WL.A. Fourth, the permit writer could use a geochemical 
model, such as the equilibrium metal speciation model 
MINTEQA2 (see Chapter 4). However, the input data require
ment of this model are equivalent to collecting site-specific 
data under Option 2. These options will be expressed in more 
detail in subsequent guidance issued by EPA 

Update: The Agency has issued "Interim Guidance on Interpreta
tion and Implementation Aquatic Life Criteria for Metals. • See the 
update notice in front of this document for availability. 

Detection Level Limits 

A commonly encountered problem is the expression of calcu
lated limits for specific chemicals where the concentration of 
the limit is below the analytical detection level for the pollutant 
of concern. This is particularly true for pollutants that are toxic 
in extremely low concentrations or that bioaccumulate. 

The recommended approach for these situations is to in
clude in Part 1 of the permit the appropriate permit limit 
derived from the water quality model and the WLA for the 
parameter of concern, regardless of the proximity of the 
limit to the analytical detection level. The limit also should 
contain an accompanying requirement indicating the specific 
analytical method that should be used for purposes of compli
ance monitoring. The requirement should indicate that any 
sample is analyzed in accordance with the specified method 
and found to be below the compliance level will be deemed to 
be in compliance with the permit limit unless other monitoring 
information (as discussed below) indicates a violation. Sample 
results reported at or above the compliance level should be 
reported as observed whereas samples below the compliance 
level should be reported as less than this level. 

The level of compliance cited in the permit must be clearly 
defined and quantified. For most NPDES permitting situa
tions, EPA recommends that the compliance level be de
fined in the permit as the minimum level (ML). The ML is 
the level at which the entire analytical system gives recog
nizable mass spectra and acceptable calibration points. 
This level corresponds to the lowest point at which the calibra
tion curve is determined based on analyses for the pollutant of 
concern in a reagent water. The ML has been applied in 
determinations of pollutant measurements by gas chromatog
raphy combined with mass spectrometry. The concept of a 
minimum level recently was used in developing the Organic 
Chemicals, Plastics, and Synthetic Fibers effluent guidelines 
[5]. 

The minimum level is not equivalent to the method detection 
level, which is defined in 40 CFR Part 136 Appendix B as the 
minimum concentration of a substance that can be measured 
and reported with 99-percent confidence that the analyte con
centration is greater than zero and is determined from the analy
sis of a sample in a given matrix containing the analyte. EPA is 
not recommending use of the method detection level because 
quantitation at the method detection level is not as precise as at 



the ML. It is not similar to the practical quantitation limit (PQL), 
which is typically set as a specific (and sometimes arbitrary) 
multiple of the method detection level. Because the PQL has no 
one definition, EPA is not recommending its use in NPDES permit
ting. Nor is it similar to other terms such as the limit of detection, 
limit of quantitation, estimated quantitation limit , or instrument 
detection limit. 

The permitting authority may choose to specify another level at 
which compliance determinations are made. Where the permit
ting authority so chooses, the authority must be assured that the 
level is quantifiable, defensible, and close as possible to the permit 
level. 

Where water quality-based limits below analytical detection 
levels are placed in permits, EPA recommends that special 
conditions also be included in the permit to help ensure that 
the limits are being met and that excursions above water 
quality standards are not occurring. Examples of such special 
conditions include fish tissue collection and analyses, limits and/or 
monitoring requirements on internal waste streams, and limits 
and/or monitoring for surrogate parameters. This information 
can be used to help support reopening the permit to establish 
more stringent effluent limits if necessary. 

5. 7.4 ConsldetatiDDS In the Use of WilDie Effluent Toxicity 
Umlts 

Test Methods 

NPDES regulations at 40 CFR 122.44(i)(1 )(iv) require that meth
ods approved under 40 CFR Part 1 36 be used for compliance 
monitoring, and in the absence of an approved method, the 
permit must specify the method to be used. The permit should 
also carefully consider any other case-specific aspects of the whole 
effluent toxicity test method that should be designated in the 
permit. Such aspects as the dilutions at which testing will be 
conducted, the different species to be used, the specific end
points, the statistical procedures for analyzing the data, quality 
assurance, and other factors should be clearly stated as a permit 
condition to assure that the whole effluent toxicity testing that is 
performed to ascertain compliance with a limit or monitoring 
requirement is the test procedure the regulatory authority desires. 
In some instances, promulgated methodologies allow significant 
flexibility and choice in how the method is actually conducted. A 
simple reference to the methodology in the permit may not result 
in the test being conducted as intended. 

Units of Expression and Detection levels 

The permit limit for toxicity itself and the detection levels, or 
sensitivity levels, associated with the various types of toxicity tests 
determine the type of monitoring requirement, which should be 
specified with the limit. It is a misconception to think, for ex
ample, that only acute toxicity tests should be used where the 
WLA for acute protection is used to derive the more limiting LTA 
or should always be used to monitor for the MDL It is a similar 
misconception to think that only chronic tests should be used 
where chronic L T A is limiting or should always be used to monitor 
for the average monthly limit. The MDls and AMLs are derived 
from the more limiting of the two LTAs. Therefore, either acute or 
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chronic tests might apply to a given situation depending upon 
the test detection levels or test sensitivity. 

For example, a limit of 5 TUc (no observed effect concentration 
[NOEC] of 20 percent or greater) would require chronic toxicity 
testing where the ACR is 20 for that effluent. An acute test would 
not be sensitive enough to measure effluent toxicity in this in
stance, since 5 TUc would be equivalent to 0.25 TUa. Conversely, 
if the ACR was 2, then an acute test could be used because 5 TUc 
would be equal to 2.5 TUa. Generally, there is no reason to mix 
two types of monitoring requirements for the same limit when 
limits are derived from the most limiting LTA. Doing so will 
confuse the results and complicate assessments of average monthly 
limits where sampling frequency is greater than once per month. 

The acute toxicity test, when using an LCso as the test endpoint, 
has an upper sensitivity level of 1 00-percent effluent, or 1.0 TUa. 
If less than 50 percent of the test organisms die at 1 00-percent 
effluent an LCso cannot be determined from the test data, and 
the true LCso value for the effluent cannot be measured. In this 
situation, an acute test could still be used for compliance monitor
ing purposes but the endpoint would need to be changed to a 
greater level of sensitivity. The endpoint could be specified in 
terms of "no statistically significant difference in acute toxicity 
between 1 00 percent effluent sample and the control." This is 
the most sensitive application of an acute test and could be used 
for monitoring compliance with a limit that, because of lack of 
available dilution, applies the EPA recommended acute criterion 
of 0.3 TU!l at the end of the pipe. 

However, these tests would not accurately quantify any level of 
chronic toxicity present. For chronic testing, an effluent with an 
NOEC of greater than 1 00 percent presents a similar test sensitiv
ity problem. An effluent with an NOEC of greater than 1 00 
percent contains less than 1.0 TUc and would meet the EPA 
recommended chronic criterion for toxicity at the edge of the 
mixing zone, if dilution were available, as well as at the end of the 
pipe if no dilution were available. 

Description of limits 

When toxicity limits are used, additional description of the limit is 
required. The limit should be stated in Part 1 as "effluent toxicity" 
in the parameter column with "maximum TUs," "minimum ATE 
[acute toxicity endpoint]," or "minimum NOEC" in parentheses 
underneath. The numerical values should be placed in the appro
priate concentration column followed by TU or a percent sign. A 
footnote should direct the reader to Part 3 for specific require
ments on how to conduct the tests. The description in Part 3 
should accomplish the following: 

• Explain how the limit is expressed (e.g., the limit is the 
minimum ATE expressed as percent effluent or the limit is 
the maximum TUa) 

• Specify the test species and the test methods for compli
ance monitoring purposes 

• Describe any special reporting or followup requirements 
(e.g., requirements to conduct a toxicity reduction evalua
tion). 



The language in Part 3 should be modified as needed to suit the 
situation. The following example language is provided only for 
purposes of illustration: 

• "The effluent toxicity limit contained in Part 1 is the allow
able chronic toxicity to the most sensitive of three test 
species. It is expressed as the allowable NOEC in percent 
effluent. The required test species and the procedures to 
follow are described in Short Term Methods for Estimating 
the Chronic Toxicity of Effluents and Receiving Waters to Fresh
water Organisms, EPA/600/4-89/001, March 1989." 

• "The permittee shall conduct monitoring of effluent toxicity 
once per month. One 24-hour composite sample shalt be 
collected and tested within 24 hours of collection. Results 
shall be reported as the NOEC. Any test that does not meet 
quality control requirements as described in the above 
referenced methods shalf be repeated using a freshly col
lected sample as soon as practicable." 

5.7.5 SBiectlon of Mon/torlfll Frequencies 
There is no fixed guidance on establishment of monitoring fre
quencies. The decision on the monitoring frequency is case
specific and needs to consider a number of factors, including 
those listed below: 

• Type of treatment process, including retention time 

• Environmental significance and nature of the pollutant or 
pollutant parameter 

• Cost of monitoring relative to the discharger's capabilities 
and benefit obtained 

• Compliance history 

• Number of monthly samples used in developing the permit 
limit 

• Effluent variability. 

Based upon an array of data analyzed for both individual chemi
cals and whole effluent toxicity, and independent of other consid
erations, EPA has observed that ideally 1 0 or more samples per 
month provides the greatest statistical likelihood that the average 
of the various monthly values will approach the true monthly LTA 
value. In practice, however, selection of monitoring frequencies 
will need to consider the previously mentioned factors and arrive 
at a reasonable compromise of the appropriate considerations. 

5.7.6 Analytical Variability 

Permits require monitoring to establish whether a facility is dis
charging at a level that complies with the permit limits. All 
monitoring includes analytical variability. The true concentration 
in a sample can be higher or lower than the measured one due to 
this variability; however, there is no way to predict which way it 
will go. 

Historically, EPA has not directly considered analytical variability 
from monitoring methods when establishing permit limits. If the 
upper bound of the analytical variability was added to the limit, 
there would be a higher potential that the permit limit would fail 
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to protect the wasteload allocation. This would not be consistent 
with 40 CFR 122.44(d}(1 ). On the other hand, if the lower bound 
of the analytical uncertainty was subtracted from the limit, there 
would be better assurance that the limit achieved the WLA This 
approach could be overly conservative given the other factors 
used to develop permit limits. EPA believes that its recommended 
approach provides a balance between these two extremes. 

5. 7. 7 Antlbackslldillg 

CWA Section 402(o) establishes express statutory language pro
hibiting the relaxation of permit limits based on water quality. 
Under the statute, relaxation of water quality-based limits is per
missible only if either the requirements of Sections 402(o)(2) or 
303(d){4) are met. These two provisions constitute independent 
exceptions to the prohibition against relaxation of permit limits. If 
either is met, relaxation is permissible. 

Relaxation of Water Quality-based limits Under 
Section303(d)(4) 

Section 402(o)(1) prohibits the establishment of less stringent 
water quality-based effluent limitations "except in compliance 
with Section 303(d)(4)." Section 303(d)(4) has two parts: Para
graph (A), which applies to "nonattainment waters" and Para
graph (B), which applies to "attainment waters." 

• Nonattainment waters: Section 303(d)(4)(A) allows estab
lishment of less stringent water quality-based effluent limi
tations in a permit for discharge into a nonattainment 
water only if (1) the existing permit limitation must have 
been based on a total maximum daily load (TMDL) or other 
WLA established under Section 303, and (2) attainment of 
water quality standards must be assured. 

• Attainment waters: Section 303(d)(4)(B) allows establish
ment of less stringent water quality-based effluent limita
tions in a permit for discharge into an attained water as 
long as the revised permit limit is consistent with a State's 
antidegradation policy. This is not restricted to limits based 
on a TMDL or WLA. 

Relaxation of Water Quality-based Limits Under 
Section 402 

Section 402(o)(2) also outlines exceptions to the general prohibi
tion against establishment of less stringent water quality-based 
permit limits in a permit. Under Section 402(o)(2), the establish
ment of less stringent limits based on water quality may be 
allowed where: 

1) There have been material and substantial alterations or 
additions to the permitted facility which justify this relax
ation. 

2) Good cause exists due to events beyond the permittee's 
control (e.g., acts of God) and for which there is no reason
ably available remedy. 

3) The permittee has installed and properly operated and 
maintained required treatment facilities but still has been 
unable to meet the permit limitations (relaxation may only 
be allowed to the treatment levels actually achieved). 



4) New information (other than revised regulations, guidance, 
or test methods) justifies relaxation of water quality-based 
permit limitations. 

This last exception applies to water quality-based permit 
limitations only where the revised limitations result in a net 
reduction in pollutant loadings and are not the result of 
another discharger's elimination or substantial reduction of 
its discharge for reasons unrelated to water quality (e.g., 
operation termination). 

Although Paragraph 402(o)(2) lists two additional exceptions, 
one for technical mistakes and mistakes of law and one for permit 
modifications or variances, the statute provides that these excep
tions do not apply to water quality-based effluent limitations. As a 
result, these exceptions do not provide a basis for relaxing water 
quality-based limitations. 

Relaxation of Water Quality-Based Permit Conditions or Stan
dards 

The provisions in Section 402(o) discussed previously only ad
dress the relaxation of effluent limits based on water quality. The 
relaxation of other permit conditions or standards based on water 
quality are governed by EPA's existing antibacksliding regulations 
at 40 CFR 122.44(1)(1 ). Under these regulations when a permit is 
renewed or reissued, interim effluent limitations, standards, or 
conditions must be at least as stringent as the final effluent 
limitations, standards, or conditions in the previous permit "un
less the circumstances on which the previous permit was based 
have materially and substantially changed since the time the 
permit was issued and would constitute cause for permit modifi
cation ... ". In other words, unless cause for permit modification is 
present, relaxed conditions or standards are not permissible. EPA 
regulations setting forth cause for permit modification can be 
found at 40 CFR 122.62. 

Restrictions of Backsliding 

Even if any of the backsliding exceptions outlined in the statute or 
regulations are applicable and met, Section 402(o)(3) acts as a 
floor and restricts the extent to which water quality-based permit 
limitations may be relaxed. Paragraph (o)(3) prohibits the relax
ation of water quality-based permit limitations in all cases it there 
will be a violation of applicable effluent limitation guidelines or 
water quality standards, including antidegradation requirements. 
This requirement affirms existing provisions of the ONA that 
require permit limits, standards, and conditions to ensure compli
ance with applicable technology-based limits and water quality 
standards. 

5.8 TOXICITY REIRJCnOI EVALUAnOIS 

Where monitoring indicates unacceptable effluent toxicity, one 
principal mechanism for bringing a discharger into compliance 
with a water quality-based whole effluent toxicity requirement is a 
toxicity reduction evaluation (TRE) (6J. The purpose of a TRE is to 
investigate the causes and to identify corrective actions for diffi
cult effluent toxicity problems. The permitting authority may 
require that the permittee conduct a TRE in those cases where the 
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discharger is unable to explain adequately and immediately cor
rect exceedances of a whole effluent toxicity permit limit or 
requirement. 

A TRE is a site-specific study conducted in a stepwise process to 
narrow the search for effective control measures for effluent toxic
ity. TREs are designed to identify the causative agents of effluent 
toxicity, isolate the sources of the toxicity, evaluate the effective
ness of toxicity control options, and then confirm the reduction in 
effluent toxicity. The ultimate objective of a TRE is for the dis
charger to achieve the limits or permit requirements for effluent 
toxicity contained in the permit and thereby attain the water 
quality standards tor receiving waters. 

The requirement for a permittee to conduct a TRE may be written 
into the special conditions section of a permit, which contains 
whole effluent toxicity limits. In some cases, the permit issuing 
authority may also use other legally binding mechanisms, includ
ing Section 308 letters, Administrative Orders, or Consent De
crees, to require a TRE. 

5.8.1 TIE Guidance Docunllllfts 
To assist permittees in conducting TRE.s and achieving compliance 
with whole effluent toxicity limits, EPA has developed a series of 
three guidance documents [6, 7, 8]: 

1) Generalized Methodology for Conducting Industrial Toxicity 
Reduction Evaluations (EPN600/2-88/070) 

2) Toxicity Reduction Evaluation Protocol for Municipal Wastewa
ter Treatment Plants (EPN600/2-88/062) 

3) Methods for Aquatic Toxicity Identification Evaluations: 

Phase 1 Toxicity Characterization Procedures (EPA/600/3-
88/034) 

Phase 2 Toxicity Identification Procedures (EPA/600/ 
3-88/035) 

Phase 3 Toxicity Confirmation Procedures (EPA/600/ 
3-88/036). 

These guidance documents describe the methods and proce
dures for conducting TREs and Toxicity Identification Evaluations 
(TIEs). They are based on the results of EPA's continuing efforts in 
TRE methods research and case study applications. Separate TRE 
guidance has been developed for industrial dischargers and mu
nicipal wastewater treatment plants to better address the circum
stances of each type of facility. Procedures for the characteriza
tion, identification, and confirmation of the causative agents of 
effluent acute toxicity have been developed and are described in a 
three-phased TIE methods manual. These TIE methods are appli
cable to both industrial and municipal effluents and are an inte
gral part of the protocols for TREs described in the industrial and 
municipal TRE guidance documents. TIE methods using chronic 
toxicity tests for identifying toxicants will soon be developed and 
available in a draft guidance document. 

5.8.2 llllcDIIflllllllllll Apprtlach , Colldllctltlg TREs 
To ensure the successful completion of a TRE, the guidance 
documents recommend a systematic, stepwise approach that 



eliminates the possible causes or sources of toxicity until a solution 
or control method is determined. The guidance documents 
discourage "playing hunches" or implementing extensive control 
measures solely on the basis of unsubstantiated conclusions (e.g., 
selecting and implementing a treatment plant upgrade without 
adequate information). Experience shows that unnecessary delays 
and expenditures in achieving the objective of the evaluation are 
avoided by building a sound scientific and engineering basis for 
selection of a control method. This can best be done by the 
logical interpretation of the information and data collected in a 
systematic approach to a TRE. The causes or control methods 
identified should then go through a confirmation stage. This is 
especially important in cases where the control method selected 
requires the construction of additional treatment. A flow chart, 
generalized from the guidance documents, for this approach to 
TREs is presented in Figure 5-l 0. The steps in this flow chart are 
summarized in the following discussion. 

Determination of TRE Objectives and Development of the TRE 
Plan 

Obviously, the success of any study is dependent on a clear 
understanding of what is to be achieved and how these objectives 
are to be demonstrated and measured. Typically, TRE objectives 
are set by the regulatory authority in terms of a toxicity test 
endpoint (ATE or chronic toxicity endpoint [CTE]) in order to 
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meet a limit or permit condition. TRE plans should be submitted 
by the discharger as soon as possible. In some cases, this could be 
30 to 60 days following notification that a TRE is required. In 
other instances, this period could be longer. These plans are 
important for ensuring that the TRE objectives are well under
stood and that the TRE to be conducted is thorough and repre
sents a reasonable effort to achieve the required reduction in 
effluent toxicity. An implementation schedule should also be 
developed describing the timeframe for completion of the specific 
components of the TRE plan by the required TRE completion 
date. This schedule should be submitted for review in conjunc
tion with the TRE plan. EPA recommends that the TRE schedule 
should be set or approved by the regulatory agency. Approval 
of the schedule and the completion date should not imply ap
proval of the TRE plan itself or the procedures and methods 
outlined in the plan. Instead, the TRE plan should only be 
reviewed and any comments provided to the permittee as needed. 

To assist in this review, Box 5-3 provides evaluation criteria for TRE 
plans. The permitting authority should review the TRE plan and 
inform the discharger of any apparent shortcomings or potential 
problems. The TRE should not be delayed pending completion of 
the review of the plan. The specified completion date for the TRE 
must still be met and the permittee should be expected to begin 
steps to investigate and alleviate the effluent toxicity as soon as 
possible following notification that a TRE is required. During the 
course of the TRE, the regulatory agency should provide over
sight, as time permits, to make the TRE as effective as possible. 

Evaluation of Existing Site-specific Information 

The next step involves the collection of any information and 
analytical data relevant to the effluent toxicity. The permittee 
should begin collecting and evaluating this information as soon as 
possible following notification that a TRE is required. In some 
cases, this step may be conducted concurrently with accelerated 
toxicity testing as part of the development of a TRE plan. For an 
industrial discharger, this part of the evaluation would include 
information such as plant and process information, influent and 
effluent physical and chemical monitoring data, effluent toxicity 
data, and material use. For a POlW, additional information, such 
as industrial waste survey applications, local limits compliance 
reports, and monitoring data, should be collected. This informa
tion is used to supplement the data generated in the later steps of 
the TRE and may be useful at that stage to point to potential 
sources or treatment options. 

Evaluation of Facility Operations and Maintenance 
Practices 

This part of the evaluation is performed in order to ascertain 
whether the facility is consistently well operated and whether the 
effluent toxicity is the result of periodic treatment plant upsets, 
bypass, or some other operational deficiency that may be causing 
or contributing to the effluent toxicity. This part of the TRE should 
be initiated immediately after notification that a TRE is required. 
Alternatively, the permittee may begin to conduct this step at the 
same time that any accelerated toxicity testing is required. At 
both municipal and industrial facilities, this step would involve the 
evaluation of "housekeeping," treatment system operation, and 
chemical use. In some cases, best management practices (BMPs) 



may be identified, which would improve operations and effluent 
quality. However, the effectiveness of BMPs in reducing effluent 
toxicity should be carefully confirmed, and it will usually be 
necessary to test a number of samples and perhaps to conduct 
Phase 1 of the TIE to develop this level of certainty. The results of 
this evaluation may lead to preliminary strategies for source re
duction and pollution prevention, including spill or leak preven
tion, improvements in material handling and disposal practices, 
or substitution or re-use of a compound known to be highly toxic. 

Toxicity Identification Evaluation 

TIE procedures are performed in three phases: characterization, 
identification, and confirmation [7]. In each phase, aquatic or
ganism toxicity tests are used to track toxicity at each step of the 
procedure. In most cases, these are abbreviated or shortened 
toxicity tests. In the toxicity characterization phase, the general 

n<lture of the causative agents of effluent toxicity or toxie<lnts is 
determined. This is done by conducting a battery of tests to 
characterize the physical/chemical characteristics of the toxicity: 
solubility, volatility, decomposability, complexibility, filterability, 
and sorbability. This information can then be used to decide 
which chemical analytical methods will to use in Phase 2 or it can 
be used to design treatability studies. 

The results of Phase 1 also may be used to provide additional 
confirmation of the effectiveness of any BMP that was imple
mented in the previous step of the TRE to reduce the effluent 
toxicity. This would require conducting at least one Phase 1 
analysis prior to implementation of the BMP (i.e., any source 
control method implemented as a result of the evaluation of 
facility operation and maintenance). The results of this analysis 
would then be compared with Phase 1 results from samples taken 
after BMP implementation. 

Box 5-3. Evaluation Criteria for TRE Plans 

• Are the objectives or targets of the TRE stated clearly and accurately? 

• Are the schedule and milestones for accomplishing the tasks described in the study plan? 

• Are the final TRE report, progress reports, and meetings with the regulatory authority included as part 
of the schedule? 

• Are the approaches or methods to be used described to the extent possible prior to beginning the 
TRE? . 

• Has available EPA guidance been used in designing the TRE and developing the TRE plan (or if other 
methods are proposed, are these sufficiently documented)? 

• Does the TRE plan specify what results and data are to be included in the interim and final reports? 

• Does the TRE plan provide for arrangements for any inspections or visits to the facility or laboratory 
that are determined to be necessary by the regulatory authority? 

• Are the toxicity test methods and endpoints to be used described or referenced? 

• Does the approach described build on previous results and proceed by narrowing down the possibili
ties in a logical progression? 

• Does the plan provide for all test results to be analyzed and used to focus on the most effective 
approach for any subsequent source investigations, treatability studies, and control method evalua
tions? 

• Are optimization of existing plant/treatment operations and spill control programs part of the initial 
steps of the TRE? 

• Does the TRE plan allow a sufficient amount of time and appropriate level of effort for each of the 
components of the study plan? 

• Does the TIE use broad characterization steps and consider quantit<ltive and qualitative effluent 
variability? 

• Is toxicity tracked with aquatic organism toxicity tests throughout the analyses? 

• Is the choice of toxicity tests for the TRE logical and will correlations be conducted if the species used 
are different from those used for routine biomonitoring? 

• Is the laboratory analytical capability and the expertise of the investigator broad enough to conduct 
the various components of the evaluation? 
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In Phase 2 of the TIE, the results of Phase 1 are built upon, and the 
TIE proceeds to chemical analyses designed to identify the specific 
chemicals causing effluent toxicity. In Phase 3, the identified 
toxicants are confirmed using a number of procedures, including 
correlation of toxicity with chemical concentration, spiking ex
periments, toxicity mass balance, and additional test species and 
their symptoms. 

The current version of the TIE methods uses acute toxicity tests to 
characterize and identify the toxicants. In some cases, these 
methods may also be used for TREs where the objective is to 
reduce chronic toxicity. In order for these methods to be appli
cable, however, there must be some measurable acute toxicity in 
the effluent samples that are to be characterized in Phase 1 and 
analyzed in Phase 2. If this approach is used, the appropriate 
chronic toxicity test, as specified in the TRE objectives and permit 
requirements, should then be used in the Phase 3 confirmation 
procedures. This will confirm that the toxicant(s) identified using 
acute tests in Phases 1 and 2, are indeed causing the whole 
effluent chronic toxicity, which must be reduced. 

It is possible to use the methods and procedures described in the 
other components of the overall TRE with either acute or chronic 
toxicity tests. The fact that the previous version of the EPA TIE 
methods use acute toxicity tests should not be construed to mean 
that TREs cannot be required or conducted for the reduction of 
chronic toxicity. These methods provide additional tools to assist 
permittees in the reduction of whole effluent chronic toxicity. 
Phase 1 procedures that use chronic toxicity tests will soon be 
available in draft EPA guidance. These TIE methods are applicable 
to freshwater discharges to either saltwater or freshwater receiv
ing waters. The use of these methods for saltwater receiving 
waters may require their adapt ion for use with marine test species 
or, preferably, an initial correlation of the recommended freshwa
ter TIE test species to the marine species used for monitoring. 

Source Investigation 

Based on the results of the TIE, a decision is made on whether to 
conduct treatability studies on the final effluent and/or conduct a 
source investigation. A source investigation is most readily per
formed when the specific toxicants have been identified and 
influent samples can be analyzed for the presence of these com
pounds or when potential source streams can be selected for 
chemical analysis (based on the results of the initial data acquisi
tion step). However, in some cases where the specific causative 
agents of effluent toxicity have not been identified in the TIE, it 
may be possible to conduct a source investigation by "treating" 
influent samples in bench-scale models of the facility treatment 
plant, measuring the toxicity of the treated sample and then 
tracking this toxicity to its source. 

Source investigations will lead to control methods, such as chemi
cal substitution, process modification, treatment of process or 
influent streams (pretreatment), and possible elimination of the 
process. For POlWs, source investigations may lead to the devel
opment of local limits or to the requirement that an indirect 
discharger evaluate and control their effluent so as to reduce its 
toxicity and prevent passthrough at the POlW. The implementa
tion of source control methods can effectively reduce effluent 
toxicity and also can avoid any cross-media transfer of pollutants 
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to air or sludge, which may occur as a result of end of pipe 
treatment. Types of source control methods that have proven to 
be effective in reducing effluent toxicity are improvements in 
facility housekeeping, chemical substitution, process optimiza
tion, reclamation/re-use, and pretreatment. 

Toxicity Treatability Evaluation 

Toxicity treatability evaluations are conducted to identify possible 
treatment methods that can effectively reduce effluent toxicity 
and may involve modifications or additions to the existing system. 
Treatability studies generally use the same type of information on 
the nature of the chemicals to be removed as is generated by 
Phase 1 of the TIE. These treatability tests should be conducted 
on a bench-scale initially and then a pilot scale prior to construc
tion of additional treatment or substantial modification of the 
existing plant. The use of these bench- and pilot-scale tests, 
coupled with aquatic organism toxicity tests, should be used to 
confirm the effectiveness of the treatment option. Confirmation 
of the results of treatability studies is equally important as it is for 
the TIE. Skipping this confirmation step is an invitation for 
unwarranted expense. 

Toxicity Control Method Selection and Implementation 

After the investigative steps of the TRE are completed, it is not 
unusual for a number of possible control options to have been 
identified. At this point, a site specific selection must be made by 
the discharger based on the technical and economic feasibility of 
the various alternatives. Following this selection, the toxicity 
control method is implemented or a compliance plan is submit
ted if construction of additional treatment requires a substantial 
amount of time. 

Followup and Confirmation 

After the control method is implemented and the final TRE report 
is submitted, the permitting agency should direct the permittee 
to conduct followup monitoring to confirm that the reduction in 
effluent toxicity is attained and maintained. Normally, this moni
toring should follow an accelerated schedule, weekly or biweekly 
toxicity tests, for a period of 2 to 3 months to confirm the 
effectiveness of the controls implemented and the continued 
attainment of the TRE objective. This followup monitoring should 
use the same species as were specified for routine toxicity testing 
in the permit. The test endpoints of these toxicity tests should be 
the same as those which were calculated by the water quality
based permit limit derivation procedure used when the permit 
was issued. Once the discharger has demonstrated the successful 
completion of the TRE, the permitting agency should direct the 
discharger to return to the routine permit monitoring schedule. 

5.8.3 Circumstances Wam111t1ng a rRE 
It is the responsibility of the permitting authority to determine if 
the permit limits and/or the State water quality criteria have been 
threatened or violated and to notify the permittee if a TRE is 
required. It is appropriate for the permitting authority to require 
additional toxicity testing following the initial exceedance or vio
lation. This additional testing may precede notification that a TRE 
will be required or it may be considered as the initial part of the 
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TRE and be conducted simultaneously with TRE plan develop
ment and the evaluation of other existing site-specific informa
tion. 

It is important to recognize that the purpose of this additional 
toxicity testing is to determine the continued presence or absence 
of effluent toxicity and the magnitude of that toxicity. This 
information can then be used to determine the continued compli
ance or noncompliance with the limit or permit conditions for 
effluent toxicity. These tests do not serve to verify or confirm the 
initial test results from an earlier sample. Instead, the permit 
authority shall use the results of these tests to determine if a TRE or 
some other action is the appropriate response to the initial occur
rence of toxicity. 

If the permit has a limit for whole effluent toxicity, then generally, 
the permit should not include any specific conditions for acceler
ated toxicity testing or for triggering a TRE or some other action 
(e.g., exceedances in two consecutive tests or exceedances in any 
three out of five tests). CWA Section 309 requires that any single 
violation of a permit limit may be subject to enforcement. The 
EPA Compliance Monitoring and Enforcement Strategy for Taxies 
Control (january 19, 1989, Appendix B-4) states that, "Each 
exceedance of a directly enforceable whole effluent toxicity limit 
is of concern to the regulatory agency and therefore qualifies as 
meeting the VRAC [violation review action criterion] requiring 
professional review." Accelerated monitoring should only be 
used to assist in this professional review to determine what, if any, 
enforcement response is necessary, including the need for the 
permittee to conduct a TRE. It will be necessary for the Region or 
State regulatory authority to determine this on a case-by-case 
basis. This must be done in a manner consistent with the priori
ties established in their respective taxies control strategies and 
permitting procedures. 

In situations where it is determined that accelerated testing is 
appropriate, a maximum of weekly tests for a minimum period of 
2 months is recommended. This would result in eight tests, plus 
the routine monitoring toxicity test that initially indicated the 
exceedence or violation, for a total of nine tests in the series. As a 
practical approach for determining if a TRE is an appropriate 
response, EPA recommends if toxicity is repeatedly or periodi
cally present at levels above the effluent limits more than 20 
percent of the time, a TRE should be required. With toxicity 
present at this rate, the TRE protocols will be useful. 

In most cases, any one additional exceedance (beyond the initial 
routine monitoring toxicity test result) in the accelerated toxicity 
tests could result in notification of the permittee that a TRE is 
required. Exceptions to this guideline might include cases where 
the permittee is able to adequately demonstrate that the cause of 
the exceedances is known and corrective actions have been im
mediately implemented or cases where additional test quality 
assurance/quality control (QNQC) is necessary or desirable. The 
submittal of QC fact sheets for self-biomonitoring (e.g., Appendix 
B-2) should always be recommended to avoid QA/QC problems. 

If the test results indicate that toxicity is not consistently or 
repeatedly present in the test series, previous discharge monitor
ing reports (DMRs) should be examined to ascertain if a recurrent 
problem exists. If the problem is recurrent, a TRE should be 
required, and the TRE plan should explain how the design of the 
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evaluation will address this periodic or recurrent effluent toxicity 
problem. In these cases, more elaborate sampling design and 
influent or process stream monitoring may be needed. It should 
be expected that TREs conducted under these circumstances will 
probably require a more flexible schedule and perhaps additional 
time before the required completion date. 

If the accelerated testing and previous DMRs show the continued 
absence of effluent toxicity, then the initial exceedance would be 
considered an episodic event and a TRE should not be required. A 
TRE is not an appropriate response to a single, episodic effluent 
toxicity event (e.g., a spill or a plant upset). By conducting 
accelerated testing following a violation or exceedance of a per
mit condition, unnecessary TREs can be avoided. Similarly, con
ducting accelerated testing as part of the initial steps of a TRE will 
allow for the TRE to be ended in its very early stages if the toxicity 
is immediately controlled or determined to be episodic or nonre
current. By following the TRE guidance and incorporating accel
erated testing into the TRE, unnecessary analyses and expense can 
be avoided. 

It also is important to note that for the practical purposes of 
conducting a TRE (as opposed to the purpose of determining if a 
TRE should be required or not), the magnitude of the effluent 
toxicity needed to conduct a TRE may be less than the magnitude 
or level set as the permit limit or permit monitoring condition. 
This is because if the limit or monitoring condition is water 
quality-based then some amount of dilution will usually be incor
porated in determining the unacceptable level of effluent toxicity. 
In some cases, it may be possible for the TRE procedures to be 
carried out even if the toxicity does not actually exceed this 
permitted level. This will be the case as long as the effluent 
toxicity is periodically or consistently present in measurable 
amounts in samples of 1 00-percent effluent. 

It also is reasonable for a discharger to initiate a TRE prior to the 
establishment of a permit limit for toxicity if unacceptable levels of 
toxicity are found in the effluent through routine monitoring or 
through inspection and compliance sampling by the regulatory 
authority. Under these circumstances the regulatory authority 
will need to identify what constitutes unacceptable levels of toxic
ity since this will not be defined by a permit limit (see Chapter 3 
on determining the reasonable potential for excursions of water 
quality standards). It also is not unreasonable for the discharger 
to voluntarily initiate a TRE under these circumstances. 

5.8.4 Mllchanlsms fDt Requiring TilEs 
There are a number of mechanisms that can be used to require a 
TRE. In most cases, the TRE should be required by a Section 308 
letter or by an enforcement action, such as a Section 309 Admin
istrative Order or a Consent Decree. The permittee should receive 
notification from the permit authority of what response is re
quired. This enables the permit authority to assess whether a TRE 
is the appropriate action to pursue. If effluent toxicity reappears 
following the successful completion of a TRE, then the permit 
authority should be able to review this type of situation to deter
mine if an additional TRE is appropriate or if some other action is 
required. In general, when the permit is issued with whole 
effluent toxicity limits in Part 1 of the permit, TRE requirements 
should be used where necessary to bring the permittee into 
compliance with those limits. Box 5-4 provides example ian-



guage for effluent toxicity limits, developed as part of the Whole 
Effluent Toxicity Basic Permitting Principles and Enforcement Strat
egy (Appendix B-4). 

able timeframes are 6 to 18 months for an industrial discharger 
and 12 to 24 months for a municipal wastewater treatment plant. 
For POlWs, it may take longer to conduct a TRE due to lengthy 
government contracting procedures, large sewer collection sys
tems, and less influent constituent control. It should be recog
nized that extensions to these initial timeframes may be granted if 
the progress reports demonstrate that this is warranted. In situa
tions where reductions in chemical concentrations to meet chemi
cal-specific limits are needed as well as reductions in effluent 
toxicity, the timeframes may be adjusted to enable those efforts 
to proceed simultaneously. 

Box 5-5 presents sample language for use in requiring TREs by a 
Section 308 letter or a Section 309 Order. This sample language, 
especially the reporting dates, should be tailored to fit the specific 
permittee. The completion date should be specified on a case-by
case basis. Factors to consider in setting this completion date 
include the type of facility, the variability of the effluent, and the 
previous compliance history. In order to conduct a TRE, reason-

Box 5-4. Model Permit Language for Effluent Toxicity Limits 

Part l.A. Final Effluent Limits and Monitoring Requirements 

During the period beginning on the effective date of this permit and lasting until the expiration date, the 
permittee is authorized to discharge in accordance with the following limits and monitoring requirements 
from the following outfall(s): 001. 

Effluent Characteristic Discharge Limit Concentration Monitoring Requirement 

Reporting Daily Monthly Measurement Sample 
Code/Units Parameter Maximum Average Frequency Type 

-TU, Toxicity 10.0 5.0 x/month composite 

The permittee shall use the toxicity testing and data assessment procedures described in Part 3.B of this 
permit. 

Box 5-5. Example Language for Requiring Toxicity Reduction Evaluations 

The discharger shall demonstrate that effluent toxicity-based permit limits described in Part l.A. of the 
permit are being attained and maintained through the application of all reasonable treatment and/or 
source control measures. Upon identifying noncompliance with those limits the discharger shall initiate 
corrective actions according to the following schedule: 

1. 

2. 

3. 

Task 

Take all reasonable measures necessary to 
reduce toxicity immediately. 

Submit a plan and schedule to attain continued 
compliance with the effluent toxicity-based permit 
limits in Part I.A., where source of toxicity is known, 
if immediate compliance is not attained. 

Submit a TRE study plan detailing the toxicity 
eduction procedures to be employed where source is 
unknown and toxicity cannot be immediately controlled 
through operational changes. EPA's Toxicity Reduction 
Procedures, Phases 1, 2, and 3 (EPA-600/3-88/034, 035, 
and 036) and TRE protocol for POlWs (EPA-600/2-88/062) 
shall be the basis for this plan and schedule. 
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Deadline 

Within 24 hours 

Within 30 days 

Within 45 days 



4. 

5. 

6. 

7. 

8. 

Box 5-5. Example Language for Requiring Toxicity Reduction 
Evaluations (continued) 

Initiate TRE plan. 

Comply with approved TRE schedule. 

Submit results of the TRE, including summary of 
findings, corrective actions required, and data generated. 

Implement TRE controls as described in the final report. 

Complete TRE implementation to meet permit limits 
and conditions. 
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Within 45 days 

Immediately upon approval 

Per approved schedule 

On due date of final report 
per approved schedule 

Per approved schedule, but 
in no case later than XX 
months from initial noncom
pliance. 
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6. COMPLIANCE MONITORING AND ENFORCEMENT 

6.1 INTRODUCTION 

Once a water quality-based permit containing limitations and 
conditions to control effluent quality is issued, the permittee is 
responsible for attaining, monitoring, and maintaining compli
ance with the requirements of that National Pollutant Discharge 
Elimination System (NPDES) permit. Failure to comply with any 
requirements stated in the permit is a violation of the Clean Water 
Act (CWA). 

The Environmental Protection Agency (EPA) and authorized State 
agencies are responsible for tracking compliance with and enforc
ing NPDES permit requirements in the enforcement of the CWA. 
Section 308 of the CWA and equivalent State statutE's enable the 
regulatory agency to verify compliance with permit conditions 
(including water quality-based taxies limitations and compliance 
schedules) by authorizing the agency to impose on permittees 
requirements for sampling and analysis, record-keeping, and re
porting. Section 308 also authorizes access by EPA or State 
agencies to facilities and records for verifying compliance with 
permit conditions. All records associated with monitoring must 
be maintained by the facility and available for a 3-year inspection 
period in conformance with 40 CFR Part 122.41. 

The CWA establishes the authority to enforce water quality-based 
permit conditions. The ability to enforce water quality-based 
permit conditions, however, relies on well-written, clearly stated 
permits. The enforcement official must be familiar with the 
process by which permit requirements were derived, including 
the procedures used to determine the wasteload allocation based 
on applicable water quality standards and the procedures used to 
derive limitations from the wasteload allocation. 

6.2 PERMIT REQUIREMENTS 

The conditions that are to be included in NPDES permits are 
described in 40 CFR Part 122 Subpart C. In general, permits 
include effluent limitations, schedules of compliance, and accom
panying reporting requirements. Permits should prescribe the 
s:lf-monitoring procedures, frequency of analysis, sampling loca
tlon and procedures, acceptable or required analytical techniques, 
and frequency of reporting. Permits often require that analytical 
methods referenced in 40 CFR 1 36 be used for analysis, but may 
specify methodology not included in Part 136 for pollutants with 
no approved methods or where the approved method is inappro
priate for a particular permit limitation. Permits should define any 
effluent limitations and explain specific procedures for calculating 
averages of data if different from arithmetic averaging. Permits 
should identify what information must be retained by the permit
tee, and what data must be submitted to EPA or the State. Results 
from self-monitoring required by the permit are reported on 
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discharge monitoring reports (DMRs) that generally are submit
ted monthly. Sampling and analysis that is done more frequently 
than required by the permit must be included in the DMR. 

6.3 COMPLIANCE MONITORING 

Since most of the routine information gathered in compliance 
monitoring results from permittee self-monitoring, quality assur
ance (QA) is as important as compliance with limits. It is essential 
that permittees develop and adhere to a QA plan consistent with 
the required monitoring and analyses. The permittee is responsible 
for maintaining data to demonstrate compliance with QA proce
dures established in the test methodology or as specified in the 
permit. 

The regulatory agency generally has three ways of determining 
compliance with an NPDES permit and assuring adequate QA: 
self-monitoring reports, DMR/QA results, and inspections. Each 
of these methods is discussed below. 

6.3.1 Self-monitoring Reports 
Self-monitoring reports provide much of the compliance data 
used by the regulatory authority in the review of permittee com
pliance. These reports include DMRs and reports of progress on 
compliance schedules. DMRs contain information on the sam
pling method, frequency and location, and analytical results of 
permittee self-monitoring. These data and data from progress 
reports on major schedule milestones must be entered into the 
Permit Compliance System (PCS), a computerized data base, by 
the State or EPA (1 ]. When the required data are entered into the 
system, PCS will automatically "flag" violations of permit limitations, 
compliance schedules, and reporting requirements. 

In order to detect any problems with the quality of the sample 
analysis, it is often desirable to obtain QA information with the 
self-monitoring data. For this reason, several States and Regions 
have developed additional QA forms to accompany permittee 
self-monitoring reports. This additional information may be re
quired through the permit or through a Section 308 order. The 
QA data are compared to a reference QA data sheet that can be 
completed by the regulatory authority to indicate acceptable 
ranges of values for the required protocol. Appendix B-5 provides 
an example of a reference QA data sheet for a whole effluent 
toxicity test. Once completed, this QA data sheet can be included 
in the compliance file for quick reference by compliance personnel. 

It is important to note that poor QA is a violation if the permit 
explicitly specifies adequate QA or references an acceptable pro
tocol with corresponding QA procedures. It also is important to 
note that the signatory's certification of effluent data certifies 



compliance with the specified protocols. Any problems with QA 
should be reported at the time of DMR submission and the testing 
repeated. 

6.3.2 Discharge Monitoring Report/Quality Assurance 
(DMIIIQA} 

The DMR/QA program evaluates a permittee's ability to analyze 
and report accurate data. This program is intended to improve 
overall laboratory analytical performance for self-monitoring data. 
Authority for requiring participation is granted in CWA Section 
308. In the DMR/QA program, permittees are required to analyze 
"blind" samples with constituents and concentrations that can be 
found in their industrial or municipal wastewaters. The permit
tees' results are compared to the known content of the sample, 
and an evaluation of the reported data is sent to the permittees. 
Permittees are expected to use the same personnel and methods 
employed for reporting NPDES data to analyze the samples. 
Permittees are required to follow the instructions for reporting 
results and include a signed certification statement in accordance 
with 40 CFR 122.22. 

Regulatory agencies conduct followup investigations to address 
poor or incomplete DMR/QA results, failure to participate, or late 
submittal of DMR/QA results. DMR/QA performance results are 
compiled annually. 

In the past, only chemical-specific analyses were tested in the 
DMR/QA program. The Environmental Monitoring and Support 
Laboratory (EMSL) in Cincinnati has developed a reference toxicant 
DMR/QA sample for permittees with whole effluent toxicity 
monitoring requirements. National implementation is occurring 
in 1991. 

6.3.3 Inspections 
Inspections are conducted by the regulatory authority or its con
tractors to address specific violations or problems and to verify 
permittee compliance with permit conditions and QA procedures. 
Inspections may include reviewing records, inspecting treatment 
facilities, assessing progress with compliance schedules, evaluating 
laboratory facilities and performance, and collecting samples for 
analysis or "splitting" samples taken by the permittee for concur
rent analyses. EPA has defined several types of inspections based 
on the tasks that are included in the NPDES Compliance Inspection 
Manual [2]. Because regulatory authorities are expected to inspect 
all major permittees annually regardless of compliance status, 
nonsampling inspections (which are generally less resource-in
tensive) are encouraged for routine evaluation of permittee per
formance. However, sampling inspections are still encouraged to 
address permitting and enforcement priorities. For that reason, 
the regulatory agency must have the full capability to assess 
effluent compliance through inhouse resources or contract support. 

Inspections that focus on toxics control can provide useful infor
mation for water quality assessment and permit reissuance in 
addition to compliance data. Procedures for inspecting facilities 
with toxicity testing requirements and measuring effluent toxicity 
are detailed in the NPDES Compliance Inspection Manual, Chapter 
7 [2]. 
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6.4 VIOlATION REVIEW 

Review of permittee self-monitoring data to determine appropri
ate enforcement response generally involves a two-tiered review. 
The first tier is a preliminary review tor timely, complete data that 
indicates compliance with permit requirements. Minor violations 
of requirements are often handled through informal phone calls 
or warning letters that do not require extensive review or over
sight. As violations increase in magnitude, duration, or frequency, 
they generally are assigned to personnel who are responsible for 
the second-tier review (determining what enforcement action, if 
any, is appropriate). The guidelines tor this process are presented 
in the Enforcement Management System (EMS) (3], but the basic 
concepts of responsible compliance tracking of water quality
based requirements are discussed below. Section 6.5 discusses 
the enforcement decision process. 

When the initial review of effluent monitoring data indicates that 
unacceptable analytical methods were used by a permittee or its 
contract laboratory, the results should be assigned for review by 
personnel qualified to determine the significance of the results. If 
the monitoring is insufficient to determine compliance with efflu
ent limitations, a warning letter or Section 308 letter requiring 
that the tests be repeated using acceptable procedures would be 
an appropriate response. 

Tracking a permit or Section 308 letter that contains "monitor 
only" requirements requires both a compliance review (e.g., to 
determine if results of acceptable quality were submitted on 
time), and an action review (e.g., to determine if the permit 
should be modified or re-issued to include a limitation). This 
second review should be assigned to personnel who are qualified 
to make this regulatory decision. 

In addition to the guidelines for reviewing monitoring data in the 
absence of a specific effluent limitation, EPA also has recommended 
a criterion for determining which effluent violations must be as
signed tor review by a professional who will determine if a formal 
enforcement action is needed, or if a phone call, warning letter, or 
Section 308 letter is more appropriate. These criteria are known 
as the Violation Review Action Criteria and are listed in the EMS. 

In the case of a whole effluent toxicity limitation, any violation 
must be reviewed by a qualified professional responsible for the 
enforcement decision. EPA makes this recommendation to ensure 
that adequate attention is given to QA and to ensure that additional 
testing is required if permitted testing frequency is less than once 
per month. 

In the case of a violation of a chemical-specific permit limitation, 
EPA recommends that monthly average limitation violations be 
reviewed by a professional for potential enforcement response 
whenever two or more violations occur in a 6-month period. 
Seven-day average and daily maximum violations should likewise 
be reviewed if a minimum of two or four, respectively, occur 
during the course of 1 month. Although there is no delineation 
between technology-based versus water quality-based limitations 
in these Violation Review Action Criteria, Regions and States may 
wish to adopt a criteria of "any violation" for all water quality-



based, chemical-specific limitations as these criteria are solely to 
determine the level of review and do not prescribe enforcement 
action. 

&.5 EIFORCEMENT 

Effective enforcement of toxic controls depends upon clearly 
expressed requirements in NPDES permits. These controls are 
generally in the form of numeric limits on specific toxic chemicals 
or whole effluent toxicity and schedules to initiate construction or 
other compliance measures. 

Exceeding a permit limitation is a violation subject to enforce
ment. Some members of the regulated community have expressed 
concerns that single violations of stringent water quality-based 
limitations will result in unreasonable enforcement actions. EPA's 
guidance outlines a systematic review of all violations to determine 
the appropriate level of response. This guidance generally suggests 
an informal response for minor or infrequent violations, escalating 
to formal enforcement and perhaps penalties for more frequent 
and environmentally harmful violations. 

In evaluating appropriate response to violations, EPA's "Enforce
ment Response Guide" of the EMS should be used for guidelines 
on the minimum acceptable response [3]. 

Further guidance on addressing violations of whole effluent toxicity 
limitations in particular is presented in the Compliance Monitoring 
and Enforcement Strategy for Taxies Control [4] (see Appendix B-
4). This strategy expects that all available avenues to compliance 
will be explored by the permittee, that the treatment facility is 
designed, constructed, maintained, and operated to achieve all 
water quality-based, chemical-specific or best available technology I 
secondary treatment limitations, that chemical or process substi
tutions have been attempted and pretreatment explored, and 
that, in the case of publicly owned treatment works (POlWs), 
pretreatment program requirements and local limits have been 
established and enforced. The strategy further expects that the 
permittee will pursue a Toxicity Reduction Evaluation (TRE) as 
discussed in Chapter 5 in compliance with enforcement require
ments or under its own initiative. If all of these expectations have 
been met and the facility is unsuccessful in identifying the cause, 
source, or treatability of toxicity despite making good-faith efforts 
to do so, the strategy allows for relief from civil penalties. The 
underlying responsibility to achieve compliance with the permit 
limitation remains in effect. 

Some members of the regulated community have requested EPA 
and several State agencies to define more clearly enforcement 
discretion with respect to violations of whole effluent toxicity 
limitations. To define enforcement discretion would in effect 
make it no longer discretionary. Furthermore, the purpose of 
such guidance would be questionable as individual enforcement 
responses by EPA and the States are open to review by the public 
and the courts. In lieu of such additional guidance on enforce
ment discretion, it is recommended that Regions and States 
adhere to the principles presented in the EMS, the strategy, and in 
this document. 
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EPA also has developed a policy [5] on the assessment of appro
priate civil penalties in both administrative and civil judicial ac
tions in response to any ONA violation. This policy bases the 
penalty amount on the seriousness of the violation, the economic 
benefit enjoyed as a result of delayed compliance, any history of 
such violations, any good-faith efforts to comply, and the violator's 
ability to pay. In no instance can this calculated penalty exceed 
the statutory maximum penalties defined in ONA Section 309. 

If any violation occurs, the permittee has the responsibility of 
informing the regulatory agency. If the violation potentially 
endangers health or the environment, the violation must be 
verbally reported to the regulated agency within 24 hours and the 
permittee must submit a noncompliance report within 5 days of 
violation detection. If there is no danger to health or the envi
ronment, the written report must be submitted at the time 
monitoring reports are submitted. These reports must include a 
description of the violation, its cause, the period of noncompliance, 
and if the noncompliance has not been corrected, the anticipated 
time when compliance will be achieved. 

As with other NPDES permit limitation violations, violation of a 
water quality-based taxies limit should prompt immediate action 
on the part of the permittee. Permittee response should include 
evaluation of the cause of the violation, correction of operational 
deficiencies or improvement of treatment efficiency, and any 
other initial steps necessary to resolve the violation and mitigate 
the environmental effects. These immediate investigatory and 
corrective steps also should provide information that may be used 
in developing a compliance schedule if the violation is not resolved 
quickly. 

When a water quality-based toxicity limit is violated, the regulatory 
agency may require additional monitoring to determine the fre
quency and duration of the violation. If the permit limit is not met 
quickly through improved housekeeping, operation, or raw waste 
control {e.g., POlW enforcement of pretreatment requirements, 
or chemical substitution by industries), requiring a TRE as discussed 
in Chapter 5 may be appropriate. Where toxicity-based limitations 
are in effect, the enforcement response must require expeditious 
compliance with the limit. 

Available enforcement mechanisms include Section 308 orders, 
Section 309 Administrative Orders, Administrative Penalty Orders 
with Administrative Orders, or judicial action. Enforcement action 
must be tailored to the specific violation and type of remedial 
action required. Enforcement actions must be worded carefully 
so that they clearly are understood, easily tracked, and expeditiously 
enforced. 

Violating limitations of pollutants at concentrations that pose a 
threat to human health should receive immediate enforcement 
attention to prompt rapid resolution of the noncompliance. The 
regulatory agency should consider the pollutant concentration, 
exposure route, and whether or not the pollutant exhibits a 
threshold response in determining if a schedule may be allowed. 
Immediate injunctive relief (such as a temporary restraining order 
or preliminary injunction) should be sought when necessary to 
protect public water supplies and fish and shellfish areas from 
imminent or substantial impairment. 



6.6 REPORTING OF VIOLA nONS 

The regulatory authority is responsible for reporting to the public 
on permittees in violation. Reporting requirements for the Quar
terly Noncompliance Report (QNCR) of major permittees in vio
lation of their NPDES permits are established in 40 CFR 123.45. 
Reporting of violations of water quality-based monitoring, limita
tions, schedules, and reporting requirements by major facilities 
must be consistent with 40 CFR 123.45. Violations of permit or 
enforcement order conditions by major permittees must be re
ported as follows [6]: 

• Effluent violations (chemical-specific and whole effluent tox
icity) must be reported on the QNCR if the violation has the 
potential to have caused a water quality problem (40 CFR 
123.45(a)(2)(iii)(A)(1 )). 

• Chemical-specific toxic permit limit violations must be re
ported on the QNCR if two or more monthly average 
measurements in a 6-month period exceed the limit by a 
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factor of 1.2 for a Group I parameter or 1.4 for a Group II 
parameter as defined in the Regulation, or if four or more 
monthly average measurements in a 6-month period ex
ceed the limit by any amount (40 CFR 123.45(a)(2)(ii)(C)). 
Any violation during the quarter of an interim monthly 
average chemical-specific toxic limit established in an ad
ministrative order or court order/consent decree must be 
reported on the QNCR (40 CFR 123.45(a)(2)(ii)(A)). (Note: 
Whole effluent toxicity is not characterized as a Group I or 
Group II parameter, and as such, must be evaluated on a 
professional judgement basis under 40 CFR 
123.45(aX2)(iii)(A)(1 ).) 

• Compliance schedule milestones that are not met within 90 
days of the scheduled date must be reported on the QNCR 
(40 CFR 123.45(a)(2)(ii)(B)). 

• Failure to submit a report within 30 days of the due date 
must be reported on the QNCR (40 CFR 123.45(a)(2)(ii)(D)). 
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7. CASE EXAMPLES 

7.1 INTRODUCTION 

This chapter presents examples of the development of water 
quality-based discharge limits to illustrate the integration of the 
guidance of the previous chapters. There are three examples: an 
industrial discharge with ample dilution, a publicly owned treat
ment works (POlW) with moderate dilution, and the combina
tion of an industrial facility and a POlW discharge to the same 
reach. 

7.2 CASE 1: INDUSTRIAL DISCHARGE 

The first example is the jaybird Corporation, a metal finishing 
firm. The NPDES permit for the facility is about to expire, and the 
corporation has submitted an application for a new permit. The 
example shows the steps that a permitting authority would take 
to determine if a water quality-based effluent limit is necessary 
and then to establish such a limit. The example also illustrates 
when best available technology (BAT) limits are applied instead of 
water quality-based limits, the use of human health criteria, and 
the variations in the limits derived by different wasteload alloca
tion methods. 

7.2.1 Stmtnl Site llflsl:rl/lf#Dn and lllfiJrmatlon 
The jaybird Corporation facility discharges into the Locapunct 
River. The river is approximately 60 miles long and its banks are 
occupied by small towns separated by woodland and farmland. 
The river is classified by the State in the water quality standards as 
having designated uses of a fish habitat, primary contact recre
ation, and a drinking water supply. For these uses, the State has 
adopted the federal water quality criteria into the water quality 
standards to protect aquatic life and human health. The State 
standards also includes a narrative criterion of "no taxies in toxic 
amounts" for other toxic materials. 

Water quality monitoring indicates some infrequent excursions 
above water quality criterion for copper and nickel. These pollut
ants have been found in measurable quantities in the effluents of 
several facilities. 

The Jaybird Corporation is a metal finishing facility that specializes 
in copper plating of lead shells for a nearby military installation. 
As a metal finisher, the jaybird Corporation is relatively small with 
a discharge of 0.034 ds (0.022 mgd). The effluent at the jaybird 
Corporation is treated by precipitation and settles before dis
charge through a multipart diffuser. The corporation is subject to 
BAT and best practicable technology (BPT) effluent limits for the 
metal finishing industry. 

7.2.2 EMIIIHft Cbanlctllrlzatlon for Sptn:lflt: Chellllt:als 
The permitting authority has adopted a procedure in which pol
lutants concentrations in each facility are evaluated for the poten
tial to cause, have the reasonable potential to cause, or contribute 
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to an excursion of the water quality standards. The authority used 
the effluent characterization process for specific chemicals de
scribed in Chapter 3 in this evaluation. In general, the procedures 
are designed to determine which pollutants are of concern and 
which require effluent limits. 

Step 1: Identify Pollutants of Concern 

Data were obtained from a number of sources to identify and 
quantify the pollutants of concern in the jaybird Corporation 
effluent: 

• Effluent chemical concentrations were taken from the Per
mit Application Form 2C, Discharge Monitoring Reports 
(DMRs), EPA's Permit Compliance System (PCS), and per
mit files. 

• EPA's STORET data base was used to obtain U.S. Geological 
Survey flow data and ambient monitoring data for the river. 

• BAT limits for the metal finishing industry were obtained 
from 40 CFR 433 Subpart A. 

The permitting authority noticed in review of these data that the 
information in Form 2C replicated the information in the DMRs, 
and therefore decided to use the DMR data as the primary basis 
for characterizing the effluent. These data for toxicants DMRs are 
shown in Table 7-1. For those parameters currently not covered 
by the permit, Form 2C data indicated that pollutant concentra
tions were below detection limits. The permitting authority re
quested information from the facility showing the detection levels 
used; these levels were consistent with the detection levels listed 
in the National Pollutant Discharge Elimination System (NPDES) 
regulations at 40 CFR 1 36. 

The effluent from the jaybird Corporation is regulated by the 
Metal Finishing Point Source Category effluent guidelines at 40 
CFR 433 Subpart A. These guidelines regulate the following toxic 
pollutants: cadmium, chromium, copper, cyanide, lead, nickel, 
silver, zinc, and total toxic organics. 

Although these parameters were regulated at the jaybird Corpo
ration, the only toxic pollutants evident in the discharge were 
lead, copper, and nickel. The facility's treatment system reduced 
concentrations of other pollutants to below detection. 

Step 2: Determine the RAC, CMC, and CCC for Pollutants of 
Concern 

The State has adopted numeric water quality criteria for acute 
toxicity (criterion maximum concentration [CMC)), chronic toxic
ity (criterion continuous concentration [CCC]), and protection of 
human health (reference ambient concentration [RAC]). The 
water quality standards present the CMC and CCC criteria as 
equations based on ambient hardness concentrations. The stan
dards require that the 85th percentile lowest hardness be used. 
This value is 1 00 mg/1 as CaC03 for the Locapunct River. 



Table 7-1. Effluent Data for the Jaybird Corporation 

Copper Lead Nickel Toxicity 
n 119/1 119/1 j.tg/1 ru, 

1 1,317 187 223 5 
2 1,092 230 261 10 
3 1,073 258 464 5 
4 1,059 423 341 20 
5 1,072 227 369 
6 1,677 275 1,058 
7 2,664 364 199 
8 1,058 170 259 
9 3,439 259 437 
10 6,596 264 773 
11 1,211 267 300 
12 1,082 175 356 

Mean 1,945 258 420 10 
SD 1,650 74 252 7.1 
0/ 0.8 0.3 0.6 0.7 
Max 6,596 423 1,058 20 
Min 1,058 170 199 5 
N 12 12 12 4 

Source: DMR data for chemicals; 308 request for whole effluent toxicity. 
Notes: 

Metals reported as total recoverable metals; toxicity reported in chronic toxic 
units (1 00/NOEC). 
The permittee did not use a geometric dilution series for the toxicity tests. The 
results are the highest toxic units for any of the test organisms used. 

The aquatic toxicity criteria for metals in the standards are ex
pressed as the acid soluble form of the metal. The State has 
adopted a ratio to express the acid soluble form of metals as the 
total recoverable form for the purposes of developing NPDES 
permit limits. This ratio is based on historical data that the State 
has collected for rivers in the basin where the Locapunct lies. The 
values of the ratio are 0.35 for lead, 0.70 for copper, and 0.85 for 
nickel. The standards consider the criteria for human health 
protection to be in the total recoverable form of the metal. 

Based on the hardness and acid soluble-to-total recoverable ra
tios, the applicable state water quality criteria are the following: 

CCC CMC RAC 
Pollutant Oig/1) Oig/1) O!g/1) 
Lead 9.1 235 50 

Copper 17.1 25.7 NA 

Nickel 188 1,647 13.4 

Step 3: Determine Dilution for Aquatic Life and Human Health 
Impacts 

The State water quality standards require that compliance with 
water quality criteria be achieved at the edge of the mixing zone. 
The standards specify the minimum dilution at which the criteria 
apply. These are the 7Q1 0 flow for the CCC, the 1 Q1 0 flow for 
the CMC, and the harmonic mean flow for human health criteria 
(RAC). The U.S. Geological Survey operates a gaging station on 
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the river; the flow statistics were calculated using the data from 
this station: 

• Harmonic mean flow = 38.0 ds 

• 7Q1 0 flow= 13.0 ds 

• 1Q10flow= 10.1 ds. 

The facility provided a study of the outfall that showed that the 
multipart diffuser quickly achieved complete mixing across the 
width of the river. Dilution at the edge of the mixing zone could 
therefore be characterized by the complete mixing equation: 

where 
C = the receiving water concentration 

Cem= the maximum effluent concentration 

Oe = the effluent flow 

C5 = the receiving water background concentration 

Q5 = the appropriate receiving water flow. 

Step 4: Determine Reasonable Potential for Excursions 

To determine if the facility discharge was expected to cause or 
have the reasonable potential to cause the CMC, CCC, or RAC to 
be exceeded in the receiving water, the maximum receiving 
water concentration of each pollutant was first compared to the 
appropriate receiving water criterion. If the criteria were ex
ceeded, then this was considered evidence that a water quality
based limitation must be developed. 

Maximum expected concentrations were calculated using the 
average effluent flow, maximum effluent concentrations, back
ground receiving water concentrations, and the relevant receiv
ing water flow: the 1 Q1 0 for the CMC, the 7Q1 0 for the CCC, or 
the harmonic mean for the RAC. The background receiving water 
concentrations for total recoverable metals were obtained from 
STORET data: 

Lead 

Copper 

Nickel 

1.6 j.tg/1 

4.81J.g/l 

13.2 llg/1 

The maximum effluent concentration was estimated using the 
stltistical approach in Chapter 3. There were 12 concentrations of 
each metal reported in the DMRs. For lead, these concentrations 
had a maximum value of 423 11g/l, an arithmetic mean of 258 J.l9/ 
I, an arithmetic standard deviation of 74, and an arithmetic 
coefficient of variation of 74/258, or 0.3. This coefficient of 
variation and the number of observations determined which mul
tiplier was selected from Table 3-1. In this case, the multiplier 
value for 12 observations and a 0/ of 0.3 was interpolated from 
the values for 12 observations and 0/s of 0.2 and 0.4. The 99th 
percentile multiplier was estimated to be 1.7. Similar calculations 
were conducted for copper (multiplier of 2.8) and nickel (multi
plier of 3.7). 



The receiving water concentration for lead for comparison with 
the CCC was calculated using data from Table 7-1: 

C = [(1.7 X 423 Llg/1 X 0.034 ds) + (1 .6 b19fl X 1 3 ds}) 

(0.034 ds + 1 3 ds) 

3.5J.1g/l 

where 

13 ds 

0.034 ds = 

42311g/l 

1.7 

1 .6J.1g/l 

the receiving water flow at 7Q1 0 

the mean effluent flow 

the maximum effluent concentration 

the statistical effluent multiplier to estimate the 
99th percentile concentration 

the background receiving water concentration. 

The value of the calculated receiving water concentration, 
3.5 11g/l, was less than the chronic water quality standard of 9.1 
119/l for lead, and therefore there is no reasonable potential for the 
CCC to be exceeded. 

Using the effluent data presented in Table 7-1, the receiving water 
concentration is compared to the CMC as: 

C = [(1.7 X 423 lJ.g/1 X 0.034 ds} + {1.6lJ.g/1 X 10.1 ds)) 

(0.034 ds + 1 0.1 ds) 

4.0 11g/l 

where 1 0.1 is the receiving water 1 Q1 0 flow and the other values 
are identical to those for the CCC comparison. The resulting 
concentration of 4.0 11g/l was less than the acute standard of 234 
119/l for lead. There is no reasonable potential for the CMC to be 
exceeded. 

For human health criterion evaluation, the receiving water con
centration for compared to the RAC was calculated as: 

C = ((1.7 X 423 lJ.g/1 X 0.034 ds) + {1.6lJ.g/l X 38 ds)) 

(0.034 ds + 38 ds) 

2.2jlg/l 

where 38 ds is the harmonic mean flow and other values are the 
same as above. This value was less than the human heath criteria 
value of 50 jlg/1 for lead, so there is no reasonable potential for the 
RAC to be exceeded. 

Similar calculations were done for copper and nickel: 

Criterion Receiving Water 
(llg/1) Concentration (t!g/1) 

~ 
CCC 17.1 22.0 
CMC 25.7 26.9 

Nickel 

CCC 188 15.9 
CMC 1,647 16.6 
RAC 13.4 14.1 
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The effluent characterization showed the reasonable potential for 
excursions above the CCC for copper and above the RAC for 
nickel. Therefore, permit limits are necessary for these two pollut
ants. 

1.2.3 EffliiiHII Chataclllrllllt/on ftlt Whole Efflullnt Toxicity 
Whole effluent toxicity also was evaluated since there was a 
potential for excursions above the narrative water quality criterion 
due to the combination of effluent toxicants with other toxicants 
in the receiving water and in the effluent but below the detection 
level. The procedures used below follow those presented sche
matically in Figure 3-2, Chapter 3. 

Step 1: Dilution Determination 

The initial dilution determination was used to establish the types 
of toxicity tests that are conducted to characterize the effluent. 
The dilution at the low-flow characteristics for the facility is the 
following: 

At the 7Q1 0, dilution = (0.034 ds + 1 3 ds)/0.034 ds 
= 383 

At the 1 Q1 0, dilution = (0.034 ds + 1 0.1 ds)/0.034 ds 
= 298. 

Step 2: Conduct Toxicity Testing 

EPA recommends that a discharger having a dilution between 
1 00 and 1 ,000 be required to conduct either chronic or acute 
toxicity testing. The permitting authority decided to require 
chronic testing but required the permittee to report the test 
results at the 48-hour endpoint so that acute toxicity could be 
measured. One year before the permit was due to expire, the 
permitting authority requested, under the authority of the Clean 
Water Act (CWA) Section 308, that the permittee test his effluent 
for toxicity to provide effluent information in order to write the 
next NPDES permit. In this case, the permitting authority speci
fied that the discharger submit quarterly chronic toxicity data for 
1 year using the EPA toxicity tests for Se/enastrum, Ceriodaphnia, 
and Pimephales. The permitting authority also specified that up
stream ambient water be used as the diluent in the tests so as to 
allow the tests to measure additive effects from ambient taxies. In 
response to the Section 308 request, the discharger submitted 
the whole effluent toxicity data shown in Table 7-1 . 

Step 3: Determine Reasonable Potential for Excursions 

The State interprets its narrative criteria for whole effluent toxicity 
to require that the technical support document recommenda
tions of 0.3 TUa and 1 .0 TUc be used as numeric values for acute 
and chronic toxicity, respectively. In accordance with the State 
standards, the CMC applies under the 1 Q1 0 flow and the CCC 
applies under the 7Q10 flow. 

The determination of exceedance of the CMC or the CCC was 
simplified by the way in which the tests were conducted. Since 
the upstream ambient water was used as a diluent, the test results 



already include an assessment of contributions from background 
toxicity. Therefore, the upstream receiving water concentration 
was set to zero. 

The maximum effluent concentration was again estimated by 
using the statistical approach in Chapter 3. As shown in Table 7-
1, there were four observations of whole effluent toxicity. Based 
on the guidance of Box 3-4, these are insufficient to determine 
the CV accurately; therefore, the default CV of 0.6 was used. The 
effluent multiplier of 4. 7 was obtained from Table 3-1 using the 
number of observations, the CV, and the 99-percent probability 
basis. 

The receiving water concentration for chronic toxicity for com
parison with the CCC was calculated using data from Table 7-1: 

C = (4.7 x 20 TU, x 0.034 ds) + (0 TUc x 13 ds)] 

(0.034 ds + 13 ds) 

0.25 TU, 

where 

13 ds 

0.034 ds 

4.7 

20TU, 

the receiving water flow at 7Q1 0 

the mean effluent flow 

the statistical effluent multiplier 

the maximum effluent concentration. 

The value of the calculated receiving water concentration, 0.25 
TU0 was less than the chronic water quality standard of 1.0 TU0 
and therefore there is no reasonable potential for the CCC to be 
exceeded. 

To calculate the receiving water concentration for acute toxicity, 
the permitting authority first converted the chronic toxicity data 
into equivalent acute toxicity units by applying the acute-to
chronic ratio (ACR) of 5 obtained from the monitoring data. The 
receiving water concentration for acute toxicity was then calcu
lated: 

C = ((4.7 x 20 TU, I 5 ACR x 0.034 ds) + (0 TU, x 10.1 ds)] 

(0.034 ds + 1 0.1 ds) 

0.06 TUa 

where 10.1 ds is the receiving water flow at 1 Ql 0, 5 is the acute 
to chronic ratio, and the other values are the same as above. The 
calculated value of 0.06 TUa is below the criterion of 0.3 TUa; 
therefore, there is no reasonable potential for the CMC to be 
exceeded. Since there was no reasonable potential for exceedances 
above either the acute or chronic criterion, permit limits were not 
developed for whole effluent toxicity. 

7.2.4 DtltBIIIIIne W6SIBIDall Allti&IIIIOIIS 
The wasteload allocation (WLA) was used to determine the level 
of effluent concentration that would comply with water quality 
standards in the receiving waters. A WLA will only be determined 
for those parameters that have a reasonable potential to cause 
exceedances of water quality standards. Therefore, WLAs were 
determined for copper and nickel. Since there was no reasonable 
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potential for excursions above the CMC or CCC for nickef, only 
the WLA for human health was calculated. 

To determine WLAs, the numeric criteria in the water quality 
standards and background concentrations were used to calcu
late effluent concentrations that would result in compliance 
with those standards. The calculation of Wl.As used receiving 
water flows that were appropriate to each standard: chronic 
WLAs were calculated using the 7Q1 0 flow, acute WLAs were 
calculated using the 1 Q1 0 flow, and human health WLAs were 
calculated using the harmonic mean flow. Since the effluent 
was mixed rapidly by the multipart diffuser, the complete mix 
equation was used: 

where 

the effluent flow 

the receiving water flow 

the background receiving water concentration 

the water quality criterion. 

The chronic and acute WLA for copper were calculated at the 
7Q1 0 and 1 Q1 0 flows, respectively: 

WLAc = (17.1 11g/l x (0.034 ds + 13 ds)- 13 ds x 
4.8 11gll] I 0.034 ds 

= 4,720 11gll 

WLAa = (25.7 11g/l x (0.034 ds + 10.1 ds) - 1 0.1 ds x 
4.8 ~J.gll] I 0.034 ds 

= 6,234 11gll. 

The human health WLA for nickel was calculated at the harmonic 
mean flow: 

WlAh = (13.4 11gll x (0.034 ds + 38 ds) - 38 ds X 

13.2 11g/l I 0.034 ds 

= 23711g/l. 

7.2.5 llfwe, Permit Umlts 
Permit limits were developed using a steady-state, two-value WLA 
model as described in Box 5-2, Chapter 5. Values for constants 
were obtained from Table 5-2, Chapter 5. 

Step 1: Calculate L TA (note: this is Step 2 in Box 5-2) 

The chronic long-term average (LTA) for copper was calculated 
using the following formula: 

LTAc WLA x exp [0.5 o 2- z o] 

4,720 11g/l X 0.440 

2,077 J.lg/1 

where values of exp [ 0.5 a2 - z ocr ] are presented in Table 5-1 
(see Chapter 5). The CV of 0.8 was used, and following the 



guidance of Section 5.5.4, the z value for the 99th occurrence 
probability was used. 

The acute LTA for copper was calculated, again using the 99th 
percentile occurrence probability values from Table 5-1 as the 
multiplier: 

lTAa = 6,234 )lg/1 x 0.249 

1,552 )lg/1. 

The LTA for nickel human health permitting is considered to be 
the same as the WlA because the 70-year averaging period is 
used for human health evaluations (see Section 5.4.4). The L TA is 
calculated as: 

L T Atl = WLAtl 
= 237 )lg/1. 

Step 2: Determine the More limiting L TA 

The limiting LTA for each pollutant was the minimum of the 
chronic, acute and human health LT A. The limiting L TA value was 
used in the next step to calculate maximum daily limits and 
average monthly limits. The limiting L TA for copper was found to 
be the acute LTA (1,552!-lg/1) and the limiting lTA for nickel was 
found to be the human health LTA (237 )lg/1). 

Step 3: Calculate Maximum Daily and Average Monthly Umits 

The maximum daily limit (MDL) for copper was calculated using 
the expression: 

MDL = LTA x exp [z o- 0.5 o2] 

= 1,552 llQ/1 X 4.01 

= 6,224 llg/1 

where the appropriate value for exp [ z o- 0.5 o2] was taken from 
Table 5-2 using the row with the 01 for copper (0.8) and the 
column for the 99th percentile probability basis. 

The average monthly limit (AML) for copper was calculated using 
the expression: 

AML = LTA x exp [ z On- 0.5on2J 
= 1,552 llQ/1 X 1.75 

= 2, 716 llQ/1 

where the value for exp [ z On- 0.5 on2] was taken from Table 5-
2 and, for this case, the number of samples per month was four. 
Following the recommendations in Section 5.5.4, the z value for 
the 95th percentile probability basis was used. 

The effluent limits for nickel were determined by using the recom
mendations in Section 5.4.4, Chapter 5. The AML was considered 
to be identical to the WLA;, whereas the MDL was calculated from 
the AML by using the appropriate multiplier factor in Table 5-3. 
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With a 01 of 0.6, four samples per month for sampling, and a 
99th percentile used for the MDL, the factor is 1.64: 

MDL = AMLx 1.64 

= 237 )lg/1 X 1.64 

= 3891lg/1. 

7.2.6 Dlltemrlnlng and Expressing tile Controlling Effluent 
Umlts 

The NPDES regulations require that effluent limits require treat
ment characteristic of the appropriate treatment technology and 
also achieve water quality standards. If water quality-based limits 
are more stringent than BAT limits, then the water quality-based 
limits become the basis for the effluent limits. Conversely, if the 
treatment technology (BAT) limits are more stringent, then they 
become the basis of the limits. 

The comparison between the water quality-based and technol
ogy-based effluent limits are shown below. The more stringent 
limits are different for different pollutants: for nickel, water qual
ity-based limits are more stringent whereas for copper, the BAT 
limits are the more stringent. 

Copper Nickel 

Water quality MDL 6,224 389 
AML 2,716 237 

BAT MDL 3,380 3,980 
AML 2,070 2,380 

limit to use MDL 3,380 389 
AML 2,070 237 

In accordance with NPDES regulations, the effluent limits were 
expressed in the permit as mass (pounds per day) by multiplying 
the concentrations above by the effluent flow of 0.034 cfs and the 
conversion factor of 5.394: 

MDL 
AML 

Copper 
(lb/d) 

0.62 
0.38 

Nickel 
(lb/d) 

0.071 
0.043 

7.2. 7 CDtnparlng Dlffllnlllt Umlt Dllrflhlpment Methods 
Permit limits for copper also were developed using a Monte Carlo 
simulation in order to compare the results to the permit limits 
derived from the two-value, steady-state model. A Monte Carlo 
simulation was used to generate receiving water concentrations 
to determine the effluent LTA for each of the pollutants such that 
the water criteria are achieved at the required frequency in the 
water quality standards. 



Monte Carlo simulation used the same completely mixed dilution 
equation as was used for the steady state calculation: 

where C is the receiving water concentration (in j.!g/1); Ce and C5 

are the effluent concentration and the background concentration 
of the receiving water, respectively (in ~g/1); and Oe and Q5 and 
effluent and receiving water flows, respectively (in ds). Effluent 
flows were held constant at the mean effluent flow, and river 
flows were read from a computer file containing 60 years of daily 
flow data provided by the U.S. Geological Survey. The effluent 
concentrations were characterized by a lognormally distributed 
random variate. The random variate had a coefficient of variation 
that matched the CV of the pollutant in the effluent. 

The Monte Carlo simulation was run using 22,276 iterations. 
Once 22,276 receiving water concentrations had been calcu
lated, receiving water concentrations were sorted, highest first. 
The 20th value (corresponding to the maximum concentration 
expected for 1 day in 3 years) was compared with the appropriate 
criterion. The 1-day in 3-year return frequency is recommended 
by EPA for criteria (see Chapter 2). If this value was higher than 
the criterion, the effluent LTA was reduced, and a new set of 
22,276 numbers was generated. When the receiving water con
centration of the 20th value was just under the water quality 
criterion (and the 19th value was just over the same value), then 
the L T A effluent concentration generating these results was suffi
cient to achieve the water quality criterion; this L TAwas then used 
in permit limit determinations. 

For chronic criteria, 4-day average concentrations were generated 
by taking the 4-day running average of modeled daily concentra
tions. The recurrence concentration was calculated in the same 
way as the 1-day calculations described in the previous para
graph. Calculations were not made for the human health criterion. 

The permit limits were calculated according to the procedures 
given in Box 5-3. Each LTA was multiplied by the 99th percentile 
multiplier from Table 5-3 for the MDL, and by the 95th percentile 
multiplier from Table 5-3 for the AML. For the AML, the same 
number of samples were used for the steady state and Monte 
Carlo permit limits (n=4). Thus, the resulting permit limits are 
directly comparable. The results of the Monte Carlo simulation for 
copper compared to the steady state calculations in units of 
micrograms/liter are shown below: 

Monte Carlo 
Steady State 

Maximum 
Daily 

8,618 
6,224 

7.3 CASE 2: P01W DISCHARGE 

Average 
Monthly 

3,761 
2,716 

The second example is ol ' fictitious POlW that discharges to the 
same reach as the jaybird Corporation. The NPDES permit for this 
facility also is up tor reissuance. The example highlights the use of 
background receiving water concentrations, and demonstrates 
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the differences between industrial and POlW permit limits. In 
developing permit limits for the POlW in this example, the 
potential impacts from the Jaybird Corporation discharge were 
considered in the use of background receiving water concentra
tions. The interrel<ltionships between the two facilities are dis
cussed explicitly in Section 7.4. 

7.3.1 Seural Site Description 1111111,.,., 
The Locapunct River receives discharges from a POlW serving the 
city of Auburn, a small city of about 1 0,000 people. The POlW 
treats a mixture of household and industrial waste with an acti
vated sludge process. The mean effluent flow from the POlW is 
1 .23 ds. The POlW has no pretreatment program, but the 
municipality generally is aware of the small industries that are 
indirect dischargers because of research conducted by a local 
university. Generally, the plant is well operated. 

7.3.2 Eftlufllft Clfatacterlzatlon for Specific Chflnllcals 
The permitting authority's approach tor determining which pol
lutants cause, have the reasonable potential to cause, or contrib
ute to excursions above water quality standards applies to POTWs 
as well as industries. The authority used the procedures described 
for the jaybird Corporation in the evaluation of the Auburn POlW. 

Step 1: Identify Pollutants of Concern 

At the time of the last permit issuance, there was evidence of a 
number of toxic pollutants in the POlW's effluent, including 
copper, chlorine, and ammonia. These pollutants had monitor
ing requirements in the previous permit. Because there were 
metals in the effluent and, due to the industries discharging into 
the POlW sewer system, the permitting authority requested the 
POTW to conduct a complete priority pollutant scan of the efflu
ent. The data received following the Section 308 letter request 
indicated that the concentrations of all priority pollutants except 
copper were below detection limits. The POTW's primary toxic 
pollutants of concern were copper, chlorine, and ammonia (see 
Table 7-2). 

Step 2: Determine RAC, CMC, or CCC for Pollutants of Con
cern 

As described in the eXGmple of the industrial discharge, the water 
quality standards include numeric criteria for copper. The State 
also has adopted a numeric criterion for ammonia that is a 
function of the river 85th percentile pH and temperature; these 
values are 8.2s·c and 25·c, respectively. Finally, the State inter
prets its narrative criterion of "no toxics in toxic amounts" to 
require use of the federal water quality criteria in the absence of a 
numeric state criterion. As a result, the permitting authority uses 
the federal criteria for chlorine. The applicable water quality 
criteria for the river are as follows: 

Copper 
Chlorine 
Ammonia 

CCC 
(Jlg/1) 

17.1 
11 

540 

CMC 
(Jlg/1) 

25.7 
19 

4,000 



Table 7-2. Effluent Data for the Auburn POlW 

Copper Chlorine Ammonia Toxicity 
n J,lg/1 ~g/1 ~g/1 TUc 

1 268 185 11,009 2 
2 115 301 13,025 1 
3 228 881 12,201 1 
4 59 372 24,548 2 
5 53 245 9,700 
6 213 244 15,645 
7 68 123 21,358 
8 200 343 3,976 
9 262 153 22,307 
10 519 448 7,427 
11 53 1,022 11,834 
12 474 347 8,430 
13 115 130 4,382 
14 259 128 9,330 
15 404 271 6,137 
16 57 451 6,448 
17 101 701 37,772 
18 187 582 14,307 
19 103 178 16,848 
20 76 436 28,205 
21 198 347 12,119 
22 265 475 11,778 
23 60 153 3,109 
24 112 268 4,474 

Mean 185 366 13,182 1.5 
SD 133 235 8,491 0.6 
cv 0.7 0.6 0.6 0.4 
Max 519 1,022 37,772 2 
Min 52.6 123 3,109 1 

Source: DMR data for chemicals; 308 request for whole effluent toxicity. 
Notes: 
Metals as total recoverable; toxicity in toxic units (100/NOEC). 
The results are the highest toxic units for any of the test organisms used. 

Step 3: Determine Dilution for Aquatic Ute and Human Health 
Impacts 

The State water quality standards requires that compliance with 
water quality criteria be achieved at the edge of the mixing zone. 
The standards specify the minimum dilution at which the criteria 
apply. These are the 7Q1 0 flow for the CCC, the 1 Q1 0 flow for 
the CMC, and the harmonic mean flow for human health criteria 
(RAC). The U.S. Geological Survey operates a gaging station on 
the river. The flow statistics were calculated using the data from 
this station: 

• Harmonic mean flow= 38.0 ds 

• 7Q10 flow= 13.0 ds 

• 1 Ql 0 flow= 10.1 ds. 

The POlW is located at a bend of the river where mixing is rapid. 
Therefore, the permitting authority used the complete mixing 

135 

equation to calculate the receiving water concentrations. This is 
the same equation used for the industrial example. 

Step 4: Determine Reasonable Potential for Excursions 

The determination of possible exceedances in the CMC or CCC 
was based on a calculation of the maximum receiving water con
centration of each pollutant, followed by a comparison to the 
appropriate receiving water criterion. The calculation of the maxi
mum receiving water concentrations were made using the statisti
cal estimate of the 99th percentile concentration of each pollutant 
in the effluent, the same flow used in the industrial example, and 
considered background receiving water concentrations of: 

Copper 
Chlorine 
Ammonia 

4.8 ~g/1 
0 J,lg/1 
120 ~g/1. 

The maximum effluent concentration was estimated using the 
statistical approach in Chapter 3. There were 24 concentrations 
of each chemical reported in the DMRs. For copper, these 
concentrations had a maximum value of 51 9 ~g/1, an arithmetic 
mean of 1 85 J,lg/1, an arithmetic standard deviation of 133, and 
an arithmetic coefficient of variation of 133!185, or 0.7. The 
multiplier was calculated to be 2.4 based on the CV of 0.7, 24 
observations, and a 99-percent confidence level (see Section 3.3.2). 
Similar calculations were conducted for chlorine (multiplier of 
2.2) and ammonia (multiplier of 2.2). 

The receiving water concentrations for each pollutant were calcu
lated. An example calculation for the comparison of copper to 
the CCC is shown below: 

C = [(2.4 x 519!lgll x 1 .23 ds) + (4.8 ug/1 x 13 ds)) 

(1.23 ds + 13 ds) 

11 21lg/l 

where 

519 llg/1 

2.4 

1.23 ds 

4.8 ~g/1 

13 ds 

the maximum measured effluent concentration 

the statistical multiplier 

the average effluent flow 

the upstream receiving water concentration 

the 7Q1 0 flow. 

The maximum receiving water concentrations for comparison to 
applicable standards for all pollutants were calculated to be: 

Receiving Water 
Criterion Concentration 

0J.9/I) (V.g/1) 

~ 
CCC 17.1 112 
CMC 25.7 140 

Chlorine 
CCC 11 194 
CMC 19 244 

Ammonia 
CCC 540 7,292 
CMC 4,000 9,128 



The effluent characterization showed the reasonable potential for 
excursions above the CCC and CMC for copper, chlorine, and 
ammonia. Therefore, permit limits were developed for these 
pollutants. 

1.3.3 Efflutllrt Cllanlctelfzlltlon fot WilDie Efflullflt Toxll:lly 

Step 1: Dilution ~termination 

The initial dilution determination was used to establish the types 
of toxicity tests that must be conducted to characterize the efflu
ent. The dilution at the low flow characteristics for the facility is 
the following: 

At the 7Q1 0, dilution = (1.23 ds + 13 ds)/1.23 ds 

= 11.6 

At the 1 Q1 0, dilution = (1.23 ds + 1 0.1 ds)/1.23 ds 

= 9.2. 

Step 2: Conduct Toxicity Testing 

EPA recommends that a discharger having a dilution less than 100 
be required to conduct chronic testing. The permitting authority 
requested through a Section 308 letter that the POTW provide 
quarterly chronic toxicity data for the year prior to permit 
reissuance. Tests using Selenastrum, Ceriodaphnia, and Pimephales 
were required. The permitting authority also required the permit
tee to report the test results at the 48-hour endpoint so that acute 
toxicity also could be measured. Table 7-2 summarizes the results 
of the whole effluent toxicity testing. 

Step 3: Determine Reasonable Potential for Excursions 

As explained in the industrial example, the State interprets its 
narrative criteria for whole effluent toxicity to require that the 
technical support document recommendations of 0.3 TUa and 1.0 
TUc be used as numeric values for acute and chronic toxicity, 
respectively. In accordance with the State standards, the CMC 
applies under the 1 Q1 0 flow and the CCC applies under the 
7Q10flow. 

The reasonable potential determination of exceedance of the 
CMC or the CCC was conducted in the same way as described in 
the industrial example. Upstream ambient water was used as a 
diluent to assess contributions directly from background toxicity; 
therefore, the upstream receiving water concentration was set to 
zero. The maximum effluent concentration was again estimated 
by using the statistical approach in Chapter 3. For the same 
reasons as were expressed in the industrial example, a multiplier 
of 4.7 was used. 

The receiving water concentration for chronic toxicity for com
parison with the CCC was calculated using data from Table 7-2: 

C = (4.7 X 2 TUc x 1.23 ds) + (0 TUc x 13 ds) 

(1.23 ds + 13 ds) 

0.8 TUc 
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where 

1 3 ds = the receiving water flow at 7Q1 0 

1 .23 ds = the mean effluent flow 

4. 7 the statistical effluent multiplier 

the maximum effluent concentration. 

The value of the calculated receiving water concentration, 0.8 
TUc, is less than the chronic water quality standard of 1.0 TUc, and 
therefore there is no reasonable potential for the CCC to be 
exceeded. 

To calculate the receiving water concentration for acute toxicity, 
the permitting authority first converted the chronic toxicity data 
into equivalent acute toxicity units by applying the ACR of 2 
obtained from the monitoring data. The receiving water concen
tration for acute toxicity was then calculated: 

C = [(4.7 x 2 TUc I 2 ACR x 1.23 ds) + (0 TUc x 10.1 ds)] 

(1.23 ds + 1 0.1 ds) 

0.5 TUa 

where 10.1 ds is the receiving water flow at 1 Q1 0, 2 is the acute 
to chronic ratio, and the other values are the same as above. The 
calculated value of 0.5 TUa is greater than the criterion of 0.3 TUa. 
Therefore, there is reasonable potential for the CMC to be ex
ceeded and permit limits were developed for whole effluent 
toxicity. 

7.3.4 Dfltlllllllne trastBIDad AllocatiDIIS 
WLAs for chemicals and whole effluent toxicity were determined 
using information on the available dilution at the edge of the 
mixing zone. The calculation of WLA using the steady-state model 
was described in Section 7.2.4. The WLAs for the POTW using the 
equation discussed in Section 7.2.4 are: 

WLAa 
WLAc 

Toxicity 
(TU) 

2.8 
11.6 

Copper 
(l.tg/1) 

197 
147 

7.3.5 DIMIIDp l'enlllt l.llnJD 

Chlorine Ammonia 
U!g/1) (~g/1) 

175 35,860 
127 4,979 

The permit limit development process described in Box 5-2, 
Chapter 5 was applied to all pollutants. This process is identical to 
that explained in Section 7.2.5 except that (1) the WLA for acute 
toxicity needs to be expressed in equivalent chronic toxic units by 
multiplying by the ACR of 2, and (2) daily sampling of chlorine is 
required in the permit. The calculated L T A and permit limits are: 

Toxicity Copper Chlorine Ammonia 
TUc ~g/1) U!g/1) {jlg/1) 

lTAa 1.8 55.4 56.2 11,511 
LTAc 6.1 70.7 66.9 2,625 

MDL 5.6 197 175 8,162 
AMl 2.8 91 87 4,067 



7.3.6 llfltermlnlng and ExpttJSS/ng tile Collfto//lng Effluent 
Umlt 

The treatment technology for POlWs is secondary treatment and 
is characterized by effluent limits for biochemical oxygen de
mand, total suspended solids, and pH. There are no BAT limits for 
taxies for POlWs, so there was no need to compare these water 
quality-based limits with other limits to determine which were 
more stringent. 

The permitting authority decided to use acute toxicity tests rather 
than chronic tests to measure compliance with the toxicity efflu
ent limits. The appropriate effluent limits in terms of TU3 were 
calculated by dividing the above calculation for TUc by the ACR of 
2 that was obtained from effluent monitoring. 

In accordance with NPDES regulations, the effluent limits for 
chemicals were expressed in the permit as mass (pounds per day) 
by multiplying the concentrations above by the effluent flow of 
1.23 ds and the conversion factor of 5.394. Because there is no 
equivalent mass based unit for toxicity, toxicity mass limits are 
impractical under the regulation. 

MDL 
AML 

Toxicity 
TU3 

2.8 
1.4 

Copper 
(lb/d) 

1.31 
0.64 

Chlorine Ammonia 
(lb/d) (lb/d) 

1.16 54.2 
0.58 27.0 

7.3.1 Compat/Rg DltiBifJnt Umlt Dtwelopment Methods 
Permit limits also were developed using a Monte Carlo simulation 
to compare the results to the steady-state permit limits. A Monte 
Carlo simulation was used to generate receiving water concentra
tions for determining the appropriate LTA for each of the pollut
ants. The methodology for the Monte Carlo simulation is presented 
in Section 7 .2.7. The results for this case are presented below. 

MDls in TUa and 119/l 

Toxici~ Co~~r Chlorine Ammonia 

Monte Carlo 3.9 264 249 9,657 
Steady State 2.8 197 175 8,162 

AMls in TUa and 119/l 

Toxici~ Co~per Chlorine Ammonia 

Monte Carlo 2.7 171 170 6,614 
Steady State 1.4 91 87 4,067 

7.4 CASE 3: MULTIPLE DISCHARGES INTO THE SAME 
REACH 

Permit development for water quality-based taxies control has 
been illustrated for two single dischargers. This process increases 
in complexity in cases of multiple dischargers into a reach. The 
development of permit limits for multiple dischargers is based on 
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the degradation in water quality resulting from the combined 
discharges, the development of total maximum daily loads (TMDLs) 
for the river reach before generating W!As, and the allocation of 
discharges to each discharger. The following example describes 
the permit development process when two dischargers release 
effluent into the same reach of a river. The dischargers are the 
jaybird manufacturing plant described in Case 1 and the Auburn 
POlW described in Case 2. These facilities discharge into the 
Locapunct River, whose flow characteristics previously were de
scribed. 

7.4.1 Effluent Characterization 
The major differences in the effluent characterization for one 
facility and for multiple facilities is to identify those pollutants that 
are common to more than one facility, and to determine whether 
the combined discharges cause or are likely to cause water quality 
standards excursions. 

Step 1: Identify Pollutants of Concern 

Based on the data in Form 2C, the DMRs from the Jaybird 
Corporation and the data in the DMRs and Section 308 request 
from the Auburn POlW, the permitting authority found two 
contaminants common to both discharges: copper and whole 
effluent toxicity. Lead and nickel were found to be a problem at 
the jaybird Corporation, but since there were no complicating 
discharges from the POlW, it was dealt with as a pollutant only at 
the metal finishing facility. Similarly, chlorine and ammonia were 
discharged solely by the POlW, so it was not necessary to provide 
effluent limits for the metal finishing facility for these chemicals. 

Step 2: Determine the CMC and CCC for Pollutants of Con
cern 

The numerical standards adopted by the State already have been 
presented. The relevant values for copper and whole effluent 
toxicity are: 

Copper 
Toxicity 

CCC 

17.1 11g/l 
1.0 TUc 

CMC 

25.7 11g/l 
0.3 TU3 

Step 3: Determine Dilution for Aquatic life and Human Health 
Impacts 

Since this example is concerned with potential excursions above 
standards resulting from the collective discharge of two discharg
ers, the calculation of dilution includes the combined effluent flow 
from both facilities. The combined dilution can be characterized 
by the complete mixing equation: 

where 

Oe1 and Oe2 

Cel and Ce2 

Cs 

Os 

the flows of the two facilities 

the effluent concentrations of the two facilities 

the upstream receiving water concentration 

the receiving water flow. 



Step 4: Determine Reasonable Potential for Excursions 

To determine if the CMC or CCC were exceeded as a result of the 
combined discharges into the river, the receiving water concen
tration of each pollutant was calculated and compared to the 
appropriate criterion. The receiving water concentration calcula
tion was based on the maximum value of the effluent concentra
tions (obtained from effluent data and multiplied by the appropri
ate statistical factor), average effluent flows, background receiving 
water concentrations, and appropriate river flows. All this infor
mation has been presented previously in the separate examples. 
The following results were obtained: 

Receiving Water 
Criterion Concentration 

(J.t~/1) (j.L~/1) 

~ 
CCC 17.1 156 
CMC 25.7 194 

Toxicity 
CCC 1.0 0.57 
CMC 0.3 0.45 

These calculations demonstrated exceedances of the copper CCC 
and CMC criteria and the toxicity CMC criterion. Permit limits 
were required. 

7.4.2 TARs 111111 MAs 

WLAs were calculated to develop permit limits. WLAs for each 
discharger and chemical were based on calculated TMDls, the 
total load to the Locapunct River that would not result in water 
quality standards exceedances. TMDLs are comprised of a load 
allocation for nonpoint sources, WLAs for point sources, and, if 
required by the State, a reserve capacity. TMDLs are further 
described in Section 4.2, Chapter 4. 

Step 1: Calculate TMDL 

The first step in developing individual WLAs for the two discharg
ers was to develop TMOls for each pollutant of concern. TMOLs 
were developed in the same way as an individual WLA with the 
total load of a pollutant from the two dischargers being consid
ered as a single discharge. 

The calculation of TMDLs used the following formula: 

TMDL = WQS x ( Ot + Os ) 

where 

WQS = the water quality standard 

Q1 the combined flow of both effluents 

Q5 the appropriate receiving water flow. 

The acute copper TMDL was calculated by using the data pre
sented in the previous two examples as: 
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TMDL 25.7 ~g/1 x (0.034 ds + 1.23 ds + 10.1 ds) 

292 ~g-ds/1 

where 

25.7 ~g/1 

0.034 ds and 

1.23 ds 

10.1 

=the CMC 

= the average effluent flows 

=the 1Q10. 

Similar calculations were made for chronic copper and acute 
toxicity. A TMDL was not calculated for chronic toxicity because 
the information presented in Chapter 1 indicates that chronic 
toxicity does not demonstrate additivity. The results are summa
rized below. 

Copper (j.Lg-ds/1) 

Toxicity (TUa-ds/1) 

Step 2: Develop WLAs 

Total Maximum Daily Loads 

Chronic 

244 

NA 

Acute 

292 

3.4 

The State had adopted an approach into the water quality man
agement plan that described how WLAs were to be calculated. 
The approach required that existing upstream concentrations be 
used to determine the load allocation part of the TMDL and that 
1 0 percent of the TMDL had to be reserved and unavailable for 
allocation. The remainder of the TMDL could be apportioned to 
point sources in the WLA. 

The permitting authority decided to allocate the wasteloads based 
on the proportion of the existing load of each parameter that was 
attributed to each of the existing discharges. Based on the 
information shown in Tables 7-1 and 7-2 and the average effluent 
flows, the pollutant loads from each facility are shown below. 

Auburn POTW jaybird Corporation 

Parameter Load Pro~rtion Load Proeortion 

Copper 
(J.tg-ds/1) 227.6 0.77 66.1 0.23 

Toxicity 
crua-ds) 1.23 0.90 0.14 0.10 

Individual WLAs were then determined using the following 
equation: 

WLA = (TMDL- LA- 1 0% TMDL) x proportion/Oe 

where the chronic TMDL was used to determine the chronic WLA, 
and the acute TMDL was used to determine the acute WLA for 
each facility. The WLAs for each pollutant and for each facility are 
presented on the following page. 



Jaybird 

Copper ij.Lg/1) 
Toxicity (TU3) 

AcuteWLA 

134 
2.2 

1,450 
9.0 

7.4.3 Pennlt Llllllt Dlmllopnretll 

ChronicWLA 

98.4 
NA 

1,063 
NA 

Once the WI..As had been determined, permit limit development 
proceeded as in the previous examples. LTAs were calculated 
from the WI..As, and the limiting L TAwas selected for calculating 
permit limits. For the metal finisher, where BAT limits were more 
restrictive than the water quality-based limits, the BAT limits 
applied. For the POTW, permit limits for toxic materials were 
required only to prevent exceedances of water quality standards. 
This process is summarized below. 

Step 1: Calculate LTAs 

The LTA was calculated for each discharger and pollutant as 
described in Step 2, Box 5-2, Chapter 5; the LTAs are shown 
below. 

Acute LTA Chronic LTA 

Parameter POTW Jaybird POTW Jaybird 

Copper ij.tg/1) 37.7 361 47.3 468 
Toxicity (TU3 ) 0.71 2.9 NA NA 
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Step 2: Determine the More lmiting LTA 

The minimum LTA was used to calculate MDls and AMls. The 
acute LTA was the lower LTA for both pollutants. 

Step 3: Calculate the Maximum Daily and Average Monthly 
limits 

The MDL and AML were calculated as described in Box 5-2, 
Chapter 5: 

Parameter 

Copper ij.tg/1) 
Toxicity (TU3) 

Average Monthly Limit 

POTW Jaybird 

62 632 
1.1 4.5 

Step 4: Express the Limits 

Maximum Daily Limit 

POTW jaybird 

134 1,448 
2.2 9.0 

The final step is to compare the water quality-based limits to the 
BAT limits to ensure that the more restrictive of the two are used, 
and to express the copper limits in terms of mass. The copper 
water quality-based limits for Jaybird Corporation are lower than 
the BAT ones (see Section 7.2.6). Therefore, the water quality
based limits are required by the permit. In addition, the limits are 
lower than those calculated when only one of the facilities were 
considered. The final permit limits are listed below. 

Parameter 

Copper (lb/d) 
Toxicity (TU3 ) 

Average Monthly Limit 

POTW Jaybird 

0.41 0.12 
1.1 4.5 

Maximum Daily Limit 

POTW jaybird 

0.89 0.27 
2.2 9.0 



Acute toxicity endpoints (ATE.s) 
lethal concentration (LC) 4 

Acute toxicity testing 59 
Acute-chronic ratio (ACR) 17 
Additivity 24 
Allowable Effluent Concentration Distribution 82 
Ambient toxicity testing 61 
Ambient-induced mixing 77 

lateral dispersion coefficient 77 
shear velocity 77 

Amelia River 68 
Ames test 25 
Analytical considerations for chemicals 65 
Antidegradation policy 29 
Aquatic community 18 
Aquatic Life Protection 34 
ARM 84 

BAF 38 
Bioaccumulation 37, 38, 72 
Bioaccumulation consideration 38 
Bioconcentration 38, 64 
Biocriteria 41 ,42 
Biological assessment/bioassessment 18, 20 
Biological criteria 

biological integrity 1, 18 
Biological survey/biosurvey 18, 19 

Calculations 
CCC for toxicity 85 
CMC for toxicity 85 
Concentration (multiple dischargers) 86 
Concentration (nonconservative pollutant) 87 
Harmonic mean flow 88 
Lateral dispersion coefficient 77 

Carcinogenicity 25 
Carcinogens 68 
Carcinogens, calculating RACs 40 
CCC 34,85 
CCC. See Criterion continuous concentration 79, 85 
Center for Exposure Assessment Modeling (CEAM) 73 
Chronic toxicity endpoints 

effective concentration 4 
lowest observed effect concentration 4 
no observed effect concentration 4 

Chronic toxicity testing 59 
Clean Water Act (CWA) 1, 67 
CMC 34, 71, 85 
CMC. 71 
Coefficient of variation (Of) 95 

in permit limit derivation 1 05 
Completely mixed discharge-receiving water situations 78 
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Complex Effluent Toxicity Testing Program (CETIP) 7, 9 
Compliance monitoring 123 

discharge monitoring report/quality assurance 124 
inspections 124 
self-monitoring report 123 

Compliance problems 53 
Concentration 

flow distance 77 
Continuous Simulation 80 
CORMIX1 76 
Criterion continuous concentration (CCC) 48 
Criterion maximum concentration (CMC) 48, 71, 85 
Critical conditions 67 
Critical design periods 

estuaries and coastal bays 74 
oceans 74 
rivers and run-of-river reservoirs 73 
lakes, reservoirs 73 

Design periods. See Critical design periods 
Designated use 54 
Detection level 

minimum level 111 
practical quantitation limit 112 

Detection levels 1 1 1 
Determining the need for a limit 

statistical approach 56 
when is a chemical-specific limit sufficient? 62 
with effluent data 55 
without effluent data 50 

Dilution 52-53, 61 
Dilution determination 58, 6 3 
Discharge monitoring reports 54 
Discharge-Induced Mixing 75 
Duration 31-32 
Duration for single chemicals and WET 35 
Dye study 51, 58 
Dynamic modeling. See Modeling 

Modeling techniques; Models 76, 78, 79 
DYNHYD4 89 
DYNTOX 83, 84 

Effluent bioconcentration evaluation 42, 64-65 
Effluent characterization 47 

addressing uncertainty in 56 
for aquatic life effects 48 
for human health effects 48, 62 
or multiple dischargers 60-61 
for specific chemicals 61-63 
for whole effluent toxicity 56-60 
process 53, 63 



Effluent characterization (cont.) 
purpose 48 
special considerations for marine and estuarine 

systems 61 
Effluent variability 

basic principles 93 
Enforcement 125 

enforcement discretion 125 
enforcement mechanisms 125 
whole effluent toxicity enforcement 124, 125 

EXAMS-II 84 
Excursion above CMC or CCC 60 
Excursions above ambient criteria 50 
Expressing limitations and developing monitoring require 

ments 110 
Expressing permit limits 

mass-based limit 11 0 
maximum daily 96 

FCM2 85 
FGETS 85 
Fish consumption values 37 
Fishable/swimmable 29 
FLOSTAT 89 
Food chain 87 
Frequency 31, 32 
Frequency for single chemicals and WET 36 

GC/MS 64 
Generating Effluent Data 56 
Genotoxic pollutants 25 

Health effects 25 
nonthreshold effects 25 
threshold effects 25 

HPLC 65 
HSPF 84 
Human exposure 

Background concentrations 37 
drinking water ingestion 37 
fish consumption 37 

Human health criteria 
Ql* 39,40 
RfD 39, 40 
updating 38 

Human health protection 25 
Human health protection (WQC) 36 
Human health/Human exposure 37 

Implementation methods for state antidegradation policies 
Tier I 29 
Tier II 30 
Tier Ill (ONRWs) 30 

Independent application 22, 31, 49 
Integrated approach 1 

bioassessment approach 1 , 22 
chemical-specific approach 1, 20 
whole effluent approach 1, 4, 21 

Integrated Risk Information System (IRIS) 38 
lsopleths, concentration 72 

LA. See load allocation 67 
lateral dispersion coefficient 77 
LC50 4, 51, 58, 71 
limits for metals 111 
Load allocation 67 
Lognormal Probabilistic Dilution Model 82 
long term average (l T A) 9 5 

Magnitude 31, 32 
Magnitude for single chemicals 34 
Magnitude for whole-effluent toxicity 35 
Magnitude, duration, and frequency (Criteria) 31, 32 
Margin of safety 67 
Marine and estuarine discharges 61 
Marine and estuarine permitting 1 04 
Maximum daily permit limits 

chronic toxicity 96 
Metals 111 
MINTEQA2 84, 85 
Mixing zone 58, 72 
Mixing Zones 33 
Modeling techniques 

Models 

142 

continuous simulation 81 
lognormal probabilistic dilution model 82 
Monte Carlo simulation 81 
steady state 78 

CORMIX1 76 
DYNHYD4 84 
DYNTOX 84 
EXAMS-II 84 
FCM2 85 
FGETS 85 
FLOSTAT 89 
HSPF 84 
MINTEQA2 85 
Mixing zone 70 
PSY 78 
SARAHl 85 
Selection of 83 
STORET 79 
TOXI4 84 
UDKHDEN 77 
ULJNE 77 
UMERGE 77 
UOUTPLM 77 
UPLUME 76, 77 
WASP4 84 



Monte Carlo simulation 80, 81 
Monticello Ecological Research Station (MERS) 2 
Multiple source toxicity testing procedures 60-61 
Multiple-source discharge 60-61 

Narrative criteria 29 
Noncarcinogens 89 
NPDES program 1 
Number of samples 

in permit limit derivation 1 05 
Numeric criteria 29 

Outfall design recommendations 
in lakes and reservoirs 73 
in oceans 74 
in rivers 73 
multipart submerged 73 
single-port submerged 73 
surface discharge 73 

Outstanding national resource waters (ONRWs) 30 

Penalties 124 
Permit documentation 110 
Permit limit derivation 98 

aquatic life protection 98 
average monthly 96 
average weekly 96 
basic objective 96 
detection levels 111 
direct application of both the acute and 

chronic WlAs 104 
dynamic 101 
human health protection 1 04-105 
maximum daily 96 
other approaches 1 03 
selection of monitoring frequencies 11 3 
single value steady state 102 
two value steady state 98 
use of a WLA as a permit limit 96-97 

Pollution prevention 111 
Potential for excursion above CMC or CCC 58 
POlW 53 
Precision 2, 11, 12 

coefficient of variation (CV) 12 
inter-laboratory precision 2, 11 
intra-laboratory precision 11 
variability 11 

Priority toxic pollutants 30 
Probability basis 

average monthly 11 0 
daily maximum 11 0 
in permit limit derivation 11 0 
l T A for WLA 11 0 
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Quality assurance 12, 123 
discharge monitoring report/quality assurance 124 

Reasonable potential 48, 49, 50, 58 
as a trigger 58 
for multiple dischargers 60 
for whole effluent toxicity 58 
regulatory basis 49 
with effluent data 50, 56 
without effluent data 49 

Receiving water concentration (RWC) 48 
Reference ambient concentration (RAC) 48 
Reference toxicants 12 
Regulation requirements 48-49 
Reporting violations 126 

to the public 126 
to the regulatory agency 124 

Return period 82 
Rhodamine WT. See Tracer (dye) studies 75 

SARAH2 85 
Screening protocol 53 
Sediment 42, 67 
Sediment criteria 42 
Shayler Run, Ohio 2 
Single value wasteload allocations 

use in permit limit derivation 1 02 
Species sensitivity 59 
Species sensitivity differences 16 
Statistical considerations of effluent limits 1 05 

changes in 01 on limits 1 06 
changes in 01 on LTA 105 
changes in monthly samples 1 05, 107 
changes in probability basis on limits 1 05, 11 0 

Statistical considerations of WlAs 96 
Statistical distributions of effluent data 

lognormal {positively skewed) 95 
normal (bell shaped) 95 

STORET 79 
TMDL. See Total maximum daily load 
Total maximum daily load 

calculation of 78 
margin of safety 67 

Total maximum daily load (TMDL) 1, 67, 78 
TOXI4 84 
Toxic units (TUs) 6 

Toxicity 

acute toxicity units (TUa) 7 
chronic toxicity units (TUc) 7 

acute toxicity 4 
CCC for 85 
chronic toxicity 4 
CMC for 85 
whole effluent toxicity 4, 71 



Toxicity persistence 23 
Toxicity reduction evaluations 

308 letters 118-119 
additional testing 11 7-118 
administrative orders 114 
approach 114 
circumstances warranting a TRE 117 
consent decrees 114 
evaluation criteria 115 
guidance documents 114 
requiring TREs 118 
toxicity identification evaluation {TIE) 116 
TRE plans 115 

Toxicity test endpoint concentrations 
acute toxicity endpoints (ATEs) 4 
chronic toxicity endpoints (CTEs) 4 

Toxicity testing 11 
composite sample 13 
flow-through toxicity test 13 
grab sample 1 3 
off-site tests 11 
on-site tests 11 
static toxicity test 1 3 

Toxicity testing procedures 58 
Treatment plant performance 97 
Triggers for permit limit development 58, 63-64 
Tualatin River Basin 68 

UDKHDEN 77 
ULINE 77 
UMERGE 77 
UOUTPLM 77 
UPLUME 76, 77 

Variability 
effluent variability 16 
exposure variability 16 
species sensitivity differences 16 

Violation review 124 
WASP4 84 
Wasteload 67 
Wasteload allocation 

schemes 67, 69 
Wasteload allocation (WLA) 
Water quality criteria 1, 29, 32 

aquatic life 34 
criterion continuous concentration (CCC) 32 
criterion maximum concentration (CMC) 34, 35 
RACs for non-carcinogens 39 
reference ambient concentration (RAC) 36 
reference tissue concentration (RTCs) 37 

Water quality models 
continuous simulation 81, 98 
dynamic 98 

lognormal probabilistic 82 
Monte Carlo 81, 98 
single value steady state 97 
two value steady state 98 

Water quality standards 1 
biological criteria 1 
narrative water quality criterion 
numeric criteria 1 
water quality criteria 1 

Water quality standards regulatory considerations 30 
Section 303(c)(2)(B) of CWA 30 
40 CFR 122.44 &: 40 CFR Part 131 31 
Section 307(a) of CWA 30 
Section 1 31 .11 Standards Regulation 2.1 29 

When is a .chemical-specific limit sufficient? 62 
Whole effluent approach 4 
Whole effluent toxicity 

"pass/fail" tests 1 04 
acute endpoint sensitivity 112 
chronic endpoint sensitivity 112 
description of limits 112 
detection levels 112 
end-of-pipe approach 1 04 
test methods 112 
use of acute versus chronic tests 112 

Whole effluent toxicity data generation 58 
WLA 67 

• This is not a comprehensive index. Only topics of importance 
are highlighted. 
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B. EPA Regulations and Policies 

C. Ambient Toxicity Testing and Data Analysis 

D. Duration and Frequency 

E. Lognormal Distribution and Permit Limit Derivations 

F. Sampling 

G. The Development of A Biological Indicator Approach to Water Quality-based Human Health Toxics Control 

H. Reference Dose (RFD): Description and Use in Health Risk Assessment 
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APPENDIX A-1 

TOXICITY TEST PRECISION DATA 



MARINE/ESTUARINE SHORT-TERM CHRONIC TOXICITY 
TESTS 



SHEEPSHEAD MINNOW ( Cyprlnodon variegatus1 
Seven-day Larval Survival and Growth Test 

Single Laboratory Precision Data 

Table A-1-1. Single laboratory precision of test performed in 
40 fathoms artificial seawater, using larvae from fish 
maintained and spawned in 40 fathoms artificial seawater, 
using copper as the reference toxicant [1 ]. 

Test , 
Number 1 

1 
2 
3 
4 
5 
6 
7 
8 

n: 
Mean: 
CV(%): 

NOEC I 
(mg/1) 

0.05 
<0.05* 
<0.05* 
0.05 

<0.05* 
0.05 
0.05 
0.05 

5 
0.05 

NA 

Most 
IC25 I 

(mg/1) 
1 

IC50 
(mg/1) 

I Sensitive 
I Endpoint 

0.1133 ~ 
o.o543 I 
0.0418 

o.o632 I 
0.0577 

I 
0.0483 
0.0796 
0.1235 

o.1523 1 

0.0975 

o.o714 I 
0.0908 I 

o.o998 I 
0.1325 

o.1597 I 
0.2364 

8 
0.0727 

41.82 

I 8 I 
I 0.1300 

I 40.77 L 

s 
G 
G 
s 
s 
G 
G 
G 

• The lowest concentration tested was 0.05 mg./1 

NOEC Range: >(LOS• · 0.05 mg/1. 

Copper concentrations in Tests 1-6 were 0.050, 0.10, 0.20, 0.40, and 0.80 mg/1 
and Tests 7-8 were 0.025, 0.050, 0.10, 0.20, and 0.40 mg/1. 

Prepared by Florence Kessler, TAl, Cincinnati, OH, january 11, 1990 (ICp 
Program, version l.lb). 

Table A-1-2. Single laboratory precision of test performed in 
40 fathoms artificial seawater, using larvae from fish 
maintained and spawned in 40 fathoms artificial seawater, 
using sodium dodecyl sulfate (SOS) as the reference toxicant 
(1 ]. 

Most 
Test NOEC IC25 1 ICso I Sensitive 

N~~~~-~~!~-~J~~~~J~~~Jl~dpoint 
1 I 1.0 I 1.2799 I 1 .5598 I s 
2 1 .0 I 1.4087 ' 1.8835 I s 
3 1.0 I 2.3051 2.8367 S 
4 0.5 
5 1.0 
6 0.5 
n: 6 

Mean: 0.8 
CV(%): NA 

1.9855 
1.1901 
1.1041 
6 
1.5456 

31.44 

2.6237 
1.4267 
1.4264 

6 
1.9595 

31.82 

I 
G 
s 
G 

NOEC Range: 0.5 . 1.0 mg/1 (this represents a difference of one exposure 
concentration). 

SDS concentrations in Tests 1-2 were l.O, 1.9, 3.9, 7.7, and 15.5 mg/1 and in 
Tests 3-6 were 0.20, 0.50, 1.0, 1.9, and 3.9 mg/1. 

Prepared by Florence Kessler, TAl, Cincinnati, OH, january 11, 1990 (1Cp 
Program, version 1.1 b). 

Table A-1-3. Single laboratory precision of test performed in 
natural seawater, using larvae from fish maintained and 

A-1-1 

spawned in natural seawater, using copper as the reference 
toxicant I 1]. 

I 
Test I, 

Number 

1 
2 I 

NOEC 
(mg/1) 

125 
31 

I 
; 

I 
1(25 / 

(mg/1) 
1 

320.3 I 
182.3 

ICso 
(mg/1) 

437.5 
323.0 

Most 
Sensitive 

1 
Endpoint 

I --

1 s 
G 

3 125 333.4 483.4 s 
4 1 125 I 228.4 343.8 s 

·--~~-t-~1--~~-~{~- J-~~- --r--- ~--
Mean: 1 106.2 300.4 I 396.9 

1 

CV(%): _j NA l 33.0 19.2 I 

• No linear interpolation estimate could be calculated from the data, since none 
of the group response means were less than 50 percent of the control response 
mean. 

NOEC Range: 31 . 125 mg/1 (this represents a difference of two exposure 
concentrations). 

Prepared by Elise Torello, SAIC, Narragansett, Rl, and Margarete Heber, EPA, 
Washington, DC, February 1990 (ICp Program, version 1.1 b). 

Table A-1-4. Single laboratory precision of test performed in 
natural seawater, using larvae from fish maintained and 
spawned in natural seawater, using sodium dodecyl sulfate 
(SOS) as the reference toxicant [1 ]. 

! I 
I Most 

Test NOEC IC25 i ICso j Sensitive 
Number J (mg/1) 

I 
(mg/1) (mg/1) 1 Endpoint 

.-)... ___ -- """"'-- ----
1 ' 2.5 I 2.9 I 3.6 I s 
2 I 1.3 

I 
NC1 NC2 i G 

3 ' 1.3 1.9 I 2.4 I s 
4 I 1.3 

I 
2.4 NC2 I G 

5 ' 
1.3 1.5 -~- __ 1.:!!_ _ i ___ s ___ 

I 
5 ' n: 

I 
4 ' 3 

Mean: 1.5 2.2 I 2.6 

I ' I CV(%): I NA I 27.6 35.3 

NOEC Range: l. ~ . 2.5 mg/1 (this represents a difference of one eKposure 
concentration). 

1 No linear interpolation estimate could be calculated from the data, s~nce none 
of the group response means were less than 75 percent of the control response 
mean. 

2No linear interpolation estimate could be calculated from the data, since none 
of the group response means were less than 50 percent of the control response 
mean. 

Prepared by Elise Torello, SAIC, Narragansett, Rl, and Margarete Heber, EPA, and 
Washington, DC, February 1990 (ICp Program, version 1.1 b). 



SHEEPSHEAD MINNOW (Cyprinodon variegatus) 
Seven-day Larval Survival and Growth Test 

Interlaboratory Precision Data 

Table A-1-S. Interlaboratory precision of test using an industrial effluent as 
the reference toxicant [ 1]. 

Most Sensitive Endpoint 

Test NOEC IC25 ICso 
Number (%) (Ofo) ' (Ofo) 

------------------ ___ j_ --- ___ ._ _____ ---------
laboratory A 

laboratory B 

Laboratory C 

Laboratory 0 

1 

2 

1 
2 

1 

3.2 (5,G) , 
3.2 (S,G) 

3.2 (5,G) 
3.2 (5,G) 

1.0 (5) 

7.4 (5) 
7.6 (S) 

5.7 (G) 
5.7 (G) 

4.7 (5) 

7.4 (G) 
14.3 (G) 

9.7 (G) 
8.8 (G) 

7.2 (5) 

3.2 (5,G) 7.4 (G) 24.7 (G) 
2 I 

--- -- - - - - -· - -- - -- --- _) 
1.0 (G)~_5_.2--'-(5-'--)--+---7.2 _(52__ 

n: 
Mean: 
CV(o/o): 

7 

I 2.6 
· NA 

7 7 
5.5 11.3 

44.2 56.9 

NOEC Range: 1 .0 - 3.2 percent (this represents a difference of one exposure concentration). 

Prepared by Elise Torello, SAIC, Narragansett, Rl, and Margarete Heber, EPA, and Washington, DC, 
February (ICp Program, version 1.1 b). 

SHEEPSHEAD MINNOW (Cyprinodon vsrlegatus) 
Embryo-larval Survival and Teratogenicity Test 

Single Laboratory Precision Data 

Table A-1-6. Single laboratory precision of test performed in HW Marinemix 
artificial seawater, using embryos from fish maintained and spawned in HW 
Marinemix artificial seawater, using copper as the reference toxicant [1 ]. 

Test EC1 EC.s EC10 ECso NOEC 
Number (ug/1) (ug/1) (ug/1) (ug/1) (ug/1) 

1 73 189 198 234 240 
2 * * • 240 
3 • * • * 240 
4 182 197 206 240 240 
5 171 187 197 234 240 
6 • • • I <200 

• * • * 220 
195 203 208 226 220 ------------

n: 4 4 4 4 7 
Mean: 180 194 202 233 234 
CV(%): 6.1 3.8 2.8 2.5 NA 

• Data do not fit the Probit model. 

NOEC Range: 200 - 240 (this represents a difference of two exposure concentrations). 

A-1-2 



SHEEPSHEAD MINNOW (Cyprinodon variegatus) (continued) 
Embryo-larval Survival and Teratogenicity Test 

Single Laboratory Precision Data 

Table A-1-7. Single laboratory precision of test performed in HW Marinemix 
artificial seawater, using embryos from fish maintained and spawned in HW 
Marinemix artificial seawater, using sodium dodecyl sulfate (SDS) as the 
reference toxicant [ 1 ]. 

I ' ~ I : 
Test 

i 
EC1 I EC5 I EClo I 

ECso 
I 

NOEC 
Number (mg/1) I (mg/1) (mg/1) (mg/1) (mg/1) I ' --

~ ! 1 
I 

1.7 2.0 2.2 I 3.1 I 2.0 
I 

2 .. I .. 
I 

.. .. 4.0 I 

I 3 I 0.4 0.7 0.9 I 2.5 2.0 I I 4 1.9 2.2 I 2.4 I 3.3 I 2.0 
' I 

5 I 1.3 I 1.7 I 1.9 3.0 2.0 
n: 4 4 I 4 ' 4 5 

I 
I 

Mean: 1.3 1.6 I 1.9 2.9 I 2.4 
CV(o/o): ' 51.2 i 41.6 i 35.0 11.7 i NA 

• Data do not tit the Probit model. 

NOEC Range: 2.0 - 4.0 ug/1 (this represents a difference of one exposure concentration). 

INLAND SILVERSIDE (Menldla berylllnsl 
Seven-day Larval Survival and Growth Test Single Laboratory Precision Data 

Table A-1-8. Single laboratory precision of the inland 
silverside (Menidia bery/lina) larval survival and growth test 
performed in natural seawater, using larvae from fish 
maintained and spawned in natural seawater, using copper as 
the reference toxicant [1 ]. 

Table A-1-9. Single laboratory precision of the inland 
silverside (Menidia beryl/ina) larval survival and growth test 
performed in natural seawater, using larvae from fish 
maintained and spawned in natural seawater, using sodium 
dodecyl sulfate (SDS) as the reference toxicant [1 ]. 

I I I Most 
Test , NOEC ' IC25 ' IC50 

1 Sensitive 
Number , (ug/1) I (ug/1) I (ug/1) I Endpoint 
-------~-------J------~-------~----------

1 63 I 96.2 I 148.6 I s 
2 ' 125 I 207.2 I NC I s 
3 63 , 218.9 493.4 , G 
4 125 I 1 n .5 I 241.4 1 s 
5 31 I 350.1 i 479.8 I G 
n: 5 5 4 ~ 

Mean: 81.4 I 209.9 I 340.8 I 
CV(o/o}: NA I 43.7 i 50.7 

I 

I 

• No linear interpolation estimate could be calculated from the data, since none 
of the group response means were less than 50 percent of the control response 
mean. 

NOEC Range: 31 - 1 25 ug/1 (this represents a difference of two eKposure 
concentrations). 

Prepared by Elise Torello, SAIC, Narragansett, Rl, and Margarete Heber, EPA, and 
Washington, DC, February 1990 (ICp Program, version 1. 1b). 

A-1-3 

' I Most 
Test I NOEC I IC25 I ICso ' Sensitive 

_N_~~~~~ (mg/1) 
I (mg/1) (mg/1) Endpoint 
I I ---------

1 1.3 ' 0.3 1.7 s 
2 I 1.3 I 1.6 I 1.9 ' s 
3 I 1.3 1.5 I 1.9 I s I 

4 1.3 1.5 1.9 s 
I I 

I 
5 1.3 1.6 2.2 I s 
n: 

' 
5 5 

' 
5 I 

Mean: 1.3 I 1.3 1.9 
I I 

I 
CV(o/o): NA 43.2 9.4 I 

NOEC Range: 1.3 mg/1. 

Prepared by Elise Torello, ~AIC, Narragansett, Rl, and Margarete Heber, EPA, and 
Washington, DC, February 1990 (ICp Program, version 1.1 b). 



MYSID (Mysldopsls bahla) 
Seven-day Survival, Growth, and Fedundlty Test Single 

Laboratory Precision Data 

Table A-1-10. Single laboratory precision of the mysid (Mysidopsis 
bahia) survival, growth and fecundity test performed in natural seawater, 
using juveniles from mysids cultured and maintained in natural 
seawater, using copper as the reference toxicant (1]. 

Test I NOEC I IC25 IC50 I Most Sensitive 
Nu~~~--1-- (ug/ll_l __ (u_g_/1_) ____,_l_< __ ug._/_1) ___ +- Endpoint 

1 I 63 ' 96.1 I NC* s 
2 · 125 I 138.3 175.5 I s 

I 125 I 156.3 I 187.5 
I 

I 4 
5 

12s I 143.o 1 179.9 
157.7 ' 200.3 j 125 

n: ' 
Mean: ! 
CV(%): i 

5 
112.6 
NA 

5 ! 4 
138.3 1 185.8 

18.0 : 5.8 

s 
s 
s 

• No linear interpolation estimate could be calculated from the data, since none of the 
group response means were less than 50 percent of the control response mean. 

NOEC Range: 63 · 125 ug/1 (this represents a difference of two exposure concentrations). 

Prepared by Elise Torello, SAIC, Narragansett, Rl, and Margarete Heber, EPA, and 
Washington, DC, february t990 (ICp Program, version l.t b). 

Table A-1-11. Single laboratory precision of the mysid (Mysidopsis 
bahia) survival, growth, and fecundity test performed in natural 
seawater, using juveniles from mysids cultured and maintained in 
natural seawater, using sodium dodecyl sulfate (SDS) as the reference 
toxicant [1 ]. 

Test 'j NOEC I IC25 

1

, ICso \ Most Sensitive 
Number , (mg/1) 1 (mg/1) (mg/1) Endpoint 

-1--T--2-.5--+-i --4-.5-~~---Nc--::2c---+-----s---·---

2 <0.3 Net 
1 

Ne2 s 
3 <0.6 I Net Ne2 s 

4 5.o 1 7.8 I NC2 s 
5 2.5 i 3.6 i 4.6 s 
6 5.0 7.0 ' 9.3 s 

~-----"=-·-+----4-----r--4--! 2 

Mean: 3.8 i 5.7 I 6.9 
CV(%): NA I 35.0 i 47.8 

1 No linear interpolation estimate could be calculated from the data, since none of the 
group response means were less than 75 percent of the control response mean. 

2No linear interpolation estimate could be calculated from the data, since none of the 
group response means were less than 50 percent of the control response mean. 

NOEC Range: <0.3 - 5.0 mg/1 (this represents a difference of four exposure concentrations). 

Prepared by ~lise Torello, SAIC, Narragansett, Rl, and Margarete Heber, EPA, and 
Washington, DC, February 1990 (ICp Program, version 1.1 b). 

A-1-4 



SEA URCHIN (Arbacia punctulata) 
Fertilization Test Single Laboratory Precision Data 

Table A-1-12. Single laboratory precision of the sea urchin 
(Arbacia punctulata) fertilization test performed in natural 
seawater, using gametes from sea urchins maintained and 
spawned in artificial seawater (40 Fathoms), using copper 
as the reference toxicant [1 ]. 

Test NOEC 

I 
IC25 IC50 

Number (ug/1) (ug/1) (ug/1) 
1---

1 5.0 8.92 29.07 
2 12.5 26.35 

I 
38.96 

3 <6.2 11.30 23.93 
4 6.2 34.28 61.75 
5 

-·--· 
[ 12.5 36.67 75.14 

n: 4 

I 
5 5 

Mean: 9.0 23.51 45.77 
CV(%): NA 54.60 47.87 

NOEC Range: <5.0- 12.5 ug/1 (this represents a difference of one exposure 
concentration). 

Copper concentrations in Test 1 were 2.5, 5.0, 1 0.0, 20.0, and 40.0 ug/1 and in 
Tests 2-5 were 6.25, 12.5, 25.0, 50.0, and 100.0 ug/1. 

Prepared by Florence Kessler, TAl, Cincinnati, OH, january 11, 1990 (ICp 
Program, version 1 .1 b). 

Table A-1-13. Single laboratory precision of the sea urchin 
(Arbacia punctulata) fertilization test performed in natural 
seawater, using gametes from sea urchins maintained and 
spawned in artificial seawater (40 Fathoms), using sodium 
dodecyl sulfate (SDS) as the reference toxicant [1 ]. 

Test NOEC 
I 

IC25 [ ICso 
Number (mg/1) (~~timg/1) r---

1 <0.9 I 1.11 1.76 
2 I 0.9 I 1.27 1.79 
3 

I 

1.8 2.26 2.87 
4 0.9 I 1.90 I 2.69 
5 1.8 2.11 2.78 

---
n: I 4 5 5 

Mean: 

I 
1.4 1.73 2.38 

CV(%): NA I 29.7 23.3 

NOEC Range: 1.2 - 3.3 mg/1 (this represents a difference of one exposure 
concentration). 

SDS concentrations for all tests were 0.9, 1.8, 3.6, 7.2, and 14.4 mg/1. 

Prepared by Florence Kessler, TAl, Cincinnati, OH, january 11, 1990 (ICp 
Program, version 1.1 b). 

A-1-5 

Table A-1-14. Single laboratory precision of the sea urchin 
(Arbacia punctulata) fertilization test performed in natural 
seawater, using gametes from sea urchins maintained and 
spawned in natural seawater, using copper as the reference 
toxicant [1). 

Test NOEC IC25 ICso 
Number (ug/1) (ug/1) (ug/1) 

1 12.2 14.2 18.4 
2 12.2 32.4 50.8 
3 24.4 30.3 I 46.3 
4 <6.1 26.2 34.1 
s 6.1 11.2 17.2 ----
n: 4 5 5 

Mean: 13.7 22.8 29.9 
CV(%): NA 41.9 I 48.2 

NOEC Range: <6.1 - 24.4 ug/1 (this represents a difference of two exposure 
concentrations). 

Prepared by Elise Torello, SAIC, Narragansett, Rl, and Margarete Heber, EPA, and 
Washington, DC, February 1990 (ICp Program, version 1.1 b). 

Table A-1-1 S. Single laboratory precision of the sea urchin 
(Arbacia punctulata) fertilization test performed in natural 
seawater, using gametes from sea urchins maintained and 
spawned in natural seawater, using sodium dodecyl sulfate 
(SDS) as the reference toxicant [1 ]. 

Test NOEC IC25 I IC50 
Number (ug/1) (ug/1} 

1_(ug/'l__-
1 1.8 2.3 2.7 
2 1.8 

I 
3.9 5.1 

3 1.8 

I 

2.3 2.9 
4 0.9 2.1 I 2.6 
s 1.8 2.3 2.7 

--·-
n: 5 5 5 

Mean: 

I 
1.6 

! 
2.58 3.2 

CV(%): NA 28.7 33.3 

NOEC Range: 0.9 - 1.8 mg/1 (this represents a difference of one exposure 
concentration). 

Prepared by Elise Torello, SAIC, Narragansett, Rl, and Margarete Heber, EPA, and 
Washington, DC, February 1990 (ICp Program, version 1 .1 b). 



RED MACROALGAE (Champ/a parrula) 
Reproduction Test Single Laboratory Precision Data 

Table A-1-16. Single laboratory precision of the red 
macroalga (Champia parvula) reproduction test performed in 
50/50 natural seawater and GP-2 artificial seawater. Copper is 
the reference toxicant [1 ]. 

Test NOEC IC25 I ICso 
Number I (ug/1) (ug/1) (ug/1) 

1 i 1.0 1.67 2.35 
2 

I 
1.0 1.50 1.99 

3 1.0 0.69 I 1.53 
4 1.0 0.98 

I 

1.78 
5 I 0.5 0.38 0.76 
6 0.5 0.38 0.75 

r- -M;~n: -~ 6 6 6 
0.83 0.93 1.5 

CV(%): I NA 59.6 43.7 

NOEC Range: 0.5 - 1 .0 ug/1 (this represents a difference of one exposure 
concentration). 

Prepared by Elise Torello, SAIC, Narra<jansett, Rl, and Margarete Heber, EPA, and 
Washington, DC, February 1990 (ICp Program, versioo 1 .1 b). 

Table A-1-17. Single laboratory precision of the red 
macroalga (Champia parvula) reproduction test performed in 
50150 natural seawater and GP-2 artificial seawater. Sodium 
dodecyl sulfate (SDS) is the reference toxicant [1] (personal 
communication with G. Thursby, SAIC, Narragansett, Rl). 

Test NOEC IC25 ICso 
Number (mg/1) (mg/1) (mg/1) 

1 I <0.80 0.6 0.3 
2 0.48 0.7 0.6 
3 <0.48 0.4 0.2 

I 

4 <0.48 0.2 0.4 
5 0.26 I 0.2 0.5 
6 0.09 I 0.1 0.3 
7 0.16 0.2 0.3 
8 0.09 0.1 0.2 

I 

9 <0.29 0.3 0.4 
n: 5 I 9 9 

Mean: 0.22 I 0.31 0.36 
CV(%): NA I 69.0 37.0 

NOEC Range: 0.09 - 0.48 mg/1 (this represents a difference of two eKposure 
concentrations). 

Prepared by Elise Torello, SAIC, Narragansett, Rl, and Margarete Heber, EPA. and 
Washington, DC, February 1990 (ICp Program, version 1.1 b). 

Table A-1-18. Single laboratory precision testing of the red macroalga (Champia porvula) reproduction test in natural seawater (30 
0 I 00 salinity). The reference toxicants used were copper sulfate (Cu) 1,2 and sodium dodecyl sulfate (SDS)2,3 [7]. 

Cu (ug/1) SDS (mg/1) 
r------~ 

I 

I 

I 

Test NOEC IC25 ICso NOEC 1(25 ICso 
1 I 1.00 2.62 4.02 0.60 0.05 0.50 
2 0.50 0.71 1.66 0.60 0.48 0.81 
3 + 0.50 I 2.83 3.55 0.30 0.69 0.89 
4 0.50 

I 
0.99 4.15 0.15 0.60 0.81 

1--- --·- ---
n: 4 4 4 4 4 4 

Mean: i 0.63 1.79 3.35 

I 
0.41 0.46 0.75 

CV(%): I NA I 61.09 I 34.45 NA 62.29 I 22.92 

1copper concentrations were 0.5, 1.0, 2.5, 5.0, 7.5, and 10 ug/1. Concentrations of Cu were made from a 100 ug/ml CuS04 standard obtained from Inorganic Ventures, 
Inc., Brick, NJ. 

2 AJI tests were conducted at 23 ± 1 °C in natural seawater with irradiance set at 40 uEtm2/s. 

lSDS concentrations were 0.0375, 0.075, 0.15, 0.30, 0.60, and 1.20 mg/1. Concentrations of SDS were made from a 44.64 :t 3.33 mg/ml standard obtained from U.S. EPA
EMSL, Cincinnati, OH. 

Prepared by Steven H. Ward and Glen Thursby, EPA, Narragansett, Rl (ICp Program, version 1 .1 b). 

A-1-6 



FRESH WATER SHORT-TERM CHRONIC TOXICITY TESTS 



FATHEAD MINNOW (Pimephales prome/851 
Seven-day Larval Survival and Growth Test and 
Embryo-larval Survival and Teratogenicity Test 

Single Laboratory Precision Data 

Table A-1-19. Single laboratory precision of the fathead 
minnow (Pimephales promelas) embryo-larval survival and 
teratogenicity test performed in using Diquat as the reference 
toxicant [2]. 

Test ! lC1 
Number (mg/1) 

------ ··----

1 
I 

0.58 
2 2.31 
3 1.50 
4 1.71 
5 1.43 

n: 5 
Mean: 1.51 
CV(%): 41.3 

--

Table A-1-20. Single laboratory precision of the fathead 
minnow (Pimephales promelas) embryo-larval survival and 
teratogenicity test performed in using cadmium chloride as the 
reference toxicant [2]. 

Test 
Number 

---+--
1 
2 
3 
4 
5 

lC1 
(mg/1) 

0.014 
0.006 
0.005 
0.003 
0.006 

---

--- --- ----
n: 

Mean: 
CV(%): 

5 
0.0068 

62 

NOEC 
(mg/1) 

0.012 
0.012 
0.013 
0.011 
0.012 

5 
0.012 

NA 

·-

NOEC Range: 0.011 . 0.013 mg/1 (this represents a differencE' of one exposure 
concentration). 
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FATHEAD MINNOW (Pimephales promela" 
Seven-day Larval Survival and Growth Test 

Single Laboratory Precision Data 

Table A-1-21. Single laboratory precision of the fathead 
minnow (Pimephales promelas) larval survival and growth test 
performed in using NAPCP as the reference toxicant [2]. 

Test NOEC* 
Number (ug/1) 

--
256 

2 128 
3 256 
4 128 
5 128 

n: 5 
Mean: 179.2 
CV(%): NA 

•Raw data unavailable, IC25 and ICso values could not be calculated. 

NOEC Range: 128 - 256 ug/1 (this represents a difference of one exposure 
concentration). 

Table A-1-22. Results of the performance evaluation for contract laboratories conducted for the California Regional Water Quality 
Control Board. All tests were conducted using potassium chromate (expressed as cr+6) and testing the fathead minnow (Pimephales 
promelas) in the 7-day subchronic tests [3]. 

I I X Control Ctrl. 
Lab Water Food Age Weight n 

1 Tapl lX s24 0.590 3 
2 MHRW lX s24 0.623 32 

3 MHRW 3X s24 0.2744 4 
4 TapS 3X s24 0.670 2 
5 MHRW -6 s24 0.773 4 
6 MHRW 3X ys24 0.635 2 
7 MHRW 3X s24 0.390 3 
8 Weill lX s24 0.346 5 
9 MHRW 3X <24 0.415 I 4 
10 MHRW 3X I ~24 +- 0.255 2 -- ·- ,__. 

~--·. ·-~-Mean: 
cv (%):: 

1 Moderately hard tap water. 

2 Control with three replicates and all concentrations with two replicates. 

3 Value is extrapolated and is not included in coefficient of variation calculation. 

4 Weight measurements made with questionable techniques. 

5 Dechlorinated Lake Ontario tap water. 

6 Not reported. 

7 Well water mixed with spring water, moderately hard. 

IC25 (CI) NOEC~J IC50 (CI) 
(mg/1 as cr+6_) ~t _(_mg/1 •• er••>_ 
3.7 (2.3-4.7) 3 G 5.4 (4.5-8.3) 

3 ' 1.\ (1.4-2.0) <3 G 3.3 (2.8-4.0) 
2.2 (1.7-3.1) <3G 4.7 (3.9-5.6) 
4.1 (2.3-5.0) 6G 6.6 (5.0-8.4) 
1.33 (1 .2-1.5) <3G .63 (2.5-3.3) 
7.1 (2.0-8.2) 6G 9.9 (8.5-11) 
4.5 (3.5-5.4) 3G 7.4 (6.6-8.1) 
2.53 (1.9-3.3) <3G 8.1 (6.4-15) 
6.6 (5.3-7.6) 6G 9.2 (8.4-10) 
4.6 (4.1-5.9) 3G 7.88 (5.2-12) ----

I 5.1 6.9 
27 31 

8 Value may be skewed as middle concentration had 45 percent survival but no weights reported. 
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Seven-day Larval Survival and Growth Test 
Interlaboratory Precision Data 

Table A-1-23. Interlaboratory precision data of the fathead minnow (Pimephales promelas) 7-day larval survival and growth test. 
Combined frequency distribution for survival NOECs for all participating laboratories [2]. 

NOEC Frequency (%) Distribution 

Tests with 2 Reps Tests with 4 Reps 
·----· ··-r--·-- --~-------·· 

Sample Median I ±1(a) >2(b) Median ± 1(a) >2(b) 
! 

Sodium Pentachlorophenate 1 35 53 12 57 29 14 
Sodium Pentachlorophenate 2 42 42 16 56 44 0 
Potassium Dichromate 1 47 47 6 75 25 0 
Potassium Dichromate 2 41 41 18 50 so : 

0 
Refinery Effluent 301 26 68 6 

I 
78 22 0 

Refinery Effluent 401 37 53 10 56 

I 
44 I 0 

Utility Waste 501 56 33 11 1 56 33 11 

1 Percent of values with one concentration intervals of the median. 

2 Percent of values within two or more concentrations intervals of the median. 

Table A-1-24. Interlaboratory precision data of the fathead minnow (Pimephales promelas) 7-day larval survival and growth test. 
Combined frequency distribution for weight NOECs for all participating laboratories (2]. 

NOEC Frequency(%) Distribution 
,--- ---------·-- -----· r-· ·---·-·--· 

Tests with 2 Reps Tests with 4 Reps 
··-· --·--

I± l(a) 
··- ·- --

Sample Median ! ± 1 (a) >2(b) Median >2(b) 
f--- -- ·--·---- ·---·-

Sodium Pentachlorophenate 1 59 41 0 57 43 0 
Sodium Pentachlorophenate 2 37 63 0 22 45 33 
Potassium Dichromate 1 35 47 18 88 0 I 12 
Potassium Dichromate 2 12 47 41 63 25 I 12 
Refinery Effluent 301 ! 35 53 12 75 25 0 
Refinery Effluent 401 37 47 16 33 56 I 11 
Utility Waste SOl I 11 61 i 28 33 56 

i 
11 

1 Percent of values with one concentration intervals of the median. 

2 Percent of values within two or more concentrations intervals of the median. 
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CERIODAPHIIIA (Cerlodaphnla dub/B) 
Seven-day Reproduction Test 

Single Laboratory Precision Data 

Table A-1-25. Single laboratory precision of (Ceriodophnio dubio) 
reproduction test performed in using sodium pentachlorophenol as 
the reference toxicant [2]. 

Test Number 1 NOEC 
IC25 i ICso (mg/1) _ ~g/1) __ (mg/1)_ --- ---

19 0.30 0.3754 0.4508 

46A 0.20 0.0938 0.2608 

468 
I 

0.20 
i 

0.2213 0.2897 

49 0.20 0.2303 0.2912 

55 
I 

0.20 0.2306 ; 0.3177 

56 0.10 0.1345 0.1744 

57 0.20 0.2241 I 0.2827 

n: 7 7 7 

Mean: 
I 

0.20 
I 

0.2157 0.2953 

CV(%): NA 41.1 27.9 

NOEC Range: 0.15 - 0.30 mg/1 (these values all fell within the same 
concentration range). 
Prepared by FIOfence Kessler, TAl, Cincinnati, OH, january 11, 1990 (ICp 
Program. version 1 .1 b). 

Table A-1-26. Single laboratory precision, from six discrete laboratories, of the (Ceriodophnio dubio) reproduction test performed using sodium 
chloride (NaCI) as the reference toxicant. Tests were conducted in 1989 [4]. 

Test 
laboratory j Number 

NOEC I 
(mg/1) 

1 

• . ~ i o.5oR I 
1.005 

1.00R 

)-------- r--

4 1.00R ' 
5 l.OOR I 
~ -l- o.5oR---+ 

n: 
Mean: I 

6 
0.83 

IC25 
(mg/1) 

0.61 

1.00 

0.81 

0.67 
1.19 

1.06 

6 

0.89 

rc5o 
1 (mg/1) 

0.77 

1.34 

1.32 

1.28 

1.47 

1.38 

6 

! 1.26 

CV(%): 

8 1 

2 

NA
1

.ooR + _15.8~- __ 19.73 __ 
1.28 1.63 

3 

1.oos I 

o.5os 

4 o.5os 

1.01 

0.69 

0.81 

1.51 

0.88 
1.16 

,---~- -t ! ~::: t- ~:~~ ~:~ ---~-6- 6_]_6_ 
Mean: 

1 
0.83 1.04 1.43 

___ C~t_ ___ l NA _ _ _14.!_!_ J. 202'_ 

C 1 1.00S 
! 2 o.5os I 
I 3 i l.OOS 

o.5oR 

1.oo5 
4 

5 

1.23 

0.46 

1.25 

1.13 

1.22 

1.49 

1.02 

1.50 
1.44 

1.49 

~---t-- _§_ - - )-'-00~.- _!._?1_;_~-
n: . 

Mean: I 
CV(%): 

6 

0.83 

NA 

R = Reproduction was the most sensitive endpoint. 
S = Survival was the most sensitive endpoint. 

6 

1.13 

16.54 l 
6 

1.41 

13.62 

Laboratory 

D 

I 

J 
n: 

Mean: 

~V~:-t 

I 

Test 
Number 

2 

3 

4 

5 

NOEC 
(mg/1) 

1(25 
(mg/1) 

IC5o 
(mg/1) 

o.5oR 0.58 I 0.84 
0.25R 0. 30 0.60 

1.oos o.84 1.22 
1 .oos I 1.04 u8 

1.005 I 1.04 1 .37 
_6 __ , _ o.5oR_, _ 0.76-+ _1_:!i_ _ 

6 6 I 6 

___ _ _N~ _3~.55 ..1.!!_.~ 
o.11 1 o.76 ·~ 1.os 

1.oo5l o.44 o 74 

2 

3 

4 

5 

I 1.oos 1.04 1.37 
s I I 1.00 1.06 1.37 

1.42 
1.oos [ 1.13 ~· 
1.00' ---t 1." 1.42 +- _6 _

1 
__ :·oos . _ 

6
_1.1_9 -:-.4_6 __ 

I 1.oo 1.00 1.3o 
n: 

Mean: 

F 

n: 

Mean: 

CV(%): 

I 

I 

__ l NA ___ 27.96_~· ___]1.1Q_ _ 
1 o.5oR 0.61 1.13 

2 o.5oR o.63 1 .2o 

3 I o.5os . 0.66 o.83 
4 o.5os o.65 o.81 

5 I o.5oR 0.74 I 1.04 
o.5oR I o.5o o.73 6 

0.95 I 
6 

0.50 0.63 
6 6 

NA 12.40 19.32 

Prepared by William Peltier, EPA, Region IV, November 28, 1990 (ICp Program, version 1.1 b). 
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CERIODAPHIIIA (Cerlodaphn/a dub/B) 
Seven-day Larval Reproduction Test Interlaboratory Precision Data 

Table A-1-27. Interlaboratory precision of (Ceriodaphnia dubia) 
reproduction test, using sodium chloride (NaCI) as the 
reference toxicant. The single lab precision data are presented 
in the preceding table [4]. 

Table A-1-28 Interlaboratory precision of (Ceriodaphnia dubio) 
reproduction test, using an industrial effluent as the reference 
toxicant and sodium chloride (NaCI) as a reference toxicant. 
Tests were conducted in May 1987 (3]. 

NOEC IC25 ICso 
laboratory (mg/1) (mg/1) (mg/1) 

A 0.83 0.89 1.26 
B 0.83 1.04 1.43 
c 0.83 1.13 1.41 
D 0.71 0.76 1.09 
E 1.00 1.00 1.30 
F 0.50 0.63 0.95 

n: 6 6 I 6 ' 
Mean: 0.80 0.91 I 1.24 
CV(%): NA 20.53 i 15.17 

Prepared by William Peltier, EPA, Region IV, November 28, 
1990 (ICp Program, version 1.1 b). 

Effluent Reference Toxicant 
--

Lab IC50 (%) IC25 (%) IC50 (%)1 IC25 (%) 
1---- --

A 6.20 4.9 33.0 21.8 
B 8.40 6.2 38.8 30.8 
D 7.69 5.8 36.3 29.4 
E 6.34 5.0 36.6 28.0 
F 4.00 1.2 8.1 * 1.21 * 

J 2.84 1.9 35.1 25.2 
K 6.89 5.3 18.4 13.2 
M 5.70 1.9 38.1 31.0 
N 7.43 5.9 27.8 10.4 
0 0.04* 0.02* 35.1 27.3 

--- ·-

I 
n: 9 9 9 9 

Mean: 6.17 3.4 32.8 24.1 
CV(%): 29 67 21 31 

*values were excluded from mean calculations because they fell outside of ± 2 
standard deviations. For this reason, these values are considered statistical 
outliers and, according to EPA's toxicity methods guidance [2) on reference 
toxicant control charts, are excluded. 

Table A-1-29. Results of the performance evaluation for contract laboratories conducted for the California Regional Water Quality 
Control Board. All tests were conducted using sodium chloride and testing Ceriodaphnia dubio in the 7-day chronic 
tests [3]. 

Lab I Water 
1------

1 I Tapl 
2 Hard w3 
3 DMw4 
4 TapS 
5 HRW 
6 Surface6 
7 
8 
9 
10 

Mean: 
CV(%): i 

1 Moderately hard tap water. 
2 Dose response curve limited. 
3 Hard well water. 

MHRW 
MHRW 
MHRW 
DMw4 

4 Ten percent diluted mineral water. 

5 Dechlorinated Lake Ontario tap water. 
6 Briones reservoir water. 
R = Reproductive endpoint 

: 
Food 

YCT/Aigae 
TF/Aigae 

YCT/Aigae 
YCT 
YCT 

YCT/Aigae 
YCT/Aigae 

YCT 
YCT 

VAT/Algae 

i 

MHRW 
HRW 

ww 
YCT 

YAT 

TF 
Algae 

X Young/ 
Age Control I 

1 7 .8-(uo2 0-4;<24 

I 
0-4 26.51.3 
0-6 24.90.212 
0-4 17.20.49 

0-4;<24 19.80.42 
0-6 14.80.90 
4-8 17.20.56 
<24 16.80.212 
0-4 12.80.71 
0-4 31.50.91 

- --
0.76 

40 

= Moderately hard reconstituted water 

= Hard reconstituted water 

=Well water 
= Yeast-Cerophyi-Trout chow 

= Yeast-Alfalfa-Trout chow 

= Trout food suspension 
= Selenastrum capricomutum 

A-1-11 

tC25 (CI) NOEC 
{g/1 NaCI) Endpt 

--

(0.14-0. 35) <0.25 R 
(0.78-1.7) 1.0 R 
(0.17-0.54) <0.25 R 
(0. 35-1.0) 0.5 R 
(0.20-1.1) 0.5 R 
(0.66-1.1) 0.25 R 
(0.24-0.64) 0.25 R 
(0.11-0. 32) 0.25 R 
(0.56-0.81) 0.50 R 
(0.45-1: 1 )_ 1.0 R 



CERIODAI'HIIIA (CIIrlodaphnla dub/a) (continued) 
Seven-day Larval Reproduction Test Interlaboratory Precision Data 

Table A-1-30. Interlaboratory precision data for Ceriodaphnia dubio summarized for 
eight materials, including reference toxicants and effluents [5]. 

Test Mean 
I 

Mean 
Material 

\ 
IC50 CV% 1(25 

1 Sodium chloride 1.34 29.9 1.00 
2 Industrial 3.6 83.3 3.2 
3 Sodium chloride 0.96 

I 
57.4 0.90 

4 . Pulp &. Paper 60.0 28.3 47.3 
5 ! Potassium dichromate 35.8 30.8 23.4 
6 j Pulp &. Paper 70.2 7.5 55.7 
7 Potassium dichromate 53.2 25.9 

I 
29.3 

8 . Industrial 69.8 37.0 67.3 
----f---. 

n: 8 
Mean: 37.5 

Standard Deviation: i 23.0 

SELEIIASTRUM CAI'RICORIIUTUM 
Growth Test 

Single Laboratory Precision Data 

Table A-1-31. Single laboratory precision of (Se/enastrum 
capricornutum) growth test performed in using cadmium as 
the reference toxicant [2]. 

Test I EC50 Control Variation 
Number I (g/1) (%CV) 

1 2.3 4.8 
2 2.4 9.6 
3 2.3 5.5 
4 2.8 13.3 
5 2.6 4.4 
6 2.1 8.2 
7 I 2.1 14.4 
8 2.1 7.1 
9 2.6 11.9 
10 2.4 5.0 
11 2.7 36.4* 
12 2.4 77.8* 

n=10 I 
Mean: 2.37 8.42 
CV(%): I 10.2 44.1 

'Outlier values are excluded from mean because thl'y fell outside of a QA 
control table for these reference toxicants. 

Note: Sodium chloride concentrations were 1, 2, 4, 8, and 16 g/1 in all tests. 

Prepared by Dr. Cornelius Weber, EPA, Cincinatti, OH, March 15, 1991. 

A-1-12 

CV% 

34.3 
78.1 
44.4 
27.0 

I 32.7 

I 

12.2 
46.8 

i 36.7 

I 8 
39.0 
19.1 



APPENDIX A-2 

EFFLUENT VARIABILITY DATA 



Table A-2-1. Percent mortality in 1 00 percent collected 1989 
by grab method (personal communication W. Peltier, EPA, 
Athens, GA). Results indicate variability over 24 hours and 
differences in species sensitivity over time. Tests were 
conducted according to methods described in Reference 6. 

I % Mortality In 100% Effluent 

[ Time Date I P. promelas D. pulex C. dub/a 

I 1230 
--!--------

3/07/89 0 15 100 
I 1830 

I 

3/07/89 0 85 100 
r 

3/08/89 0030 I 0 65 100 
3/08/89 0630 0 30 80 
3/20/89 1230 

I 
0 0 100 

I 

3/20/89 1830 0 100 100 
3/21/89 0030 

I 
0 95 100 

3/21/89 0630 0 70 100 
6/19/89 1230 I 0 5 100 
6/19/89 1830 I 0 40 100 
6/20/89 0030 I 0 100 100 
6/20/89 I 0630 

I 0 100 100 
7/25/89 1230 I 0 0 100 
7/25/89 I 1830 I 0 100 100 
7/26/89 I 0030 I 0 

I 
100 100 

7/26/89 0630 I 0 55 100 

Table A-2-2. LC50s for a POTW effluent over 1 7 months. All 
tests were conducted using Ceriodaphnia dubio and tests were 
run for 48 hours. All tests were conducted according to the 
methods described in Reference 6. Dates with roman numeral 
notation mean that more than one sample was collected at 
different times over a short interval (1 to 2 days). (Data 
source: (8].) 

Sample Date 48 hours LCso (%) 
~----------------~-----------------

08/23/86-l 71 
03/09/87-1 71 
05/02/87-1 35 
05/03/87-1 65 
05/04/87-1 71 
05/23/87-1 71 
05/23/87-11 71 
05/23/87-111 61 
06/27/87-1 36 
06/27/87-11 41 
06/27/87-111 18 
09/22/87-1 71 
12/18/87-1 87 
01/05/88-1 68 

f- --~/05/88_.:!.!._ __ -f----__§l_ ___ ---
Mean LC50 : 1 60.0 
cv (%): 31.1 
~ 15 

A-2-1 

Table A-2-3. LC 50s for a P01W effluent over 7 months. All 
tests were conducted using Ceriodaphnia dubio and tests were 
run for 48 hours. All tests were conducted according to the 
methods described in Reference 6. Dates with roman numeral 
notation mean that more than one sample was collected at 
different times over a short interval (1 to 2 days). (Data 
source: (8}.) 

__ _somple_l'ote --l 48 hours LC50 (%) 

10/06/87-1 71 
10/06/87-11 71 
10/06/87-111 I 71 
10/30/87-1 

I 
87 

12/03/87-1 61 
12/03/87-11 35 
01/12/88-1 i 61 
01/13/88-1 

I 
58 

02/03/88-IX 50 
02/03/88-X so 
03/03/88-111 

I 
87 

03/03/88-IV 81 
03/23/88-1 I 25 
03/23/88-11 

I 
35 

04/28/88-1 50 
04/28/88-11 I 55 
05/17/88-1 l 61 
05/17/88-11 35 

Mean LC50 : I 58.0 
cv (%): 

I 
31.4 

n: 18 



Table A-2-4. LCsos for a POlW effluent over 12 months. 
Tests were conducted using either Ceriodaphnio dubio or 
fathead minnows or both. Ceriodaphnia tests were conducted 
for 48 hours while fathead minnow tests were 96 hours. Both 
the 48-hour and 96-hour fathead minnow results are shown in 
order to evaluate how the LC50s for the two species compare. 
All tests were conducted according to the methods described 
in Reference 6. Dates with roman numeral notation mean that 
more than one sample was collected at different times over a 
short interval (1 to 2 days). (Data source: [8].) 

L-----~-~~<%> --------
sample Date 1. C. dubio P. promelas 

48 hours I 48 hours 
1 

96 hours 
-o3/16/ss-1 ~- -62--1-- 3s-- -~-- 2s- ---
06/09/88-1 18 I • • 
09/08/88-1 68 > 100 > 100 
1 0/04/88-1 61 * 
10/04/88-11 63 I 
12/14/88-1 70 58 

12/14/88-11 17 I 60 
02/17/89-1 35 61 
02/1 7/89-11 I 35 I 61 
03/22/89-1 35 I 81 
03/22/89-11 47 61 

Mean LC5o: 
cv (%): 
n: 

Data not available. 

461! 
42 
11 

59.6 
22.4 

7 

* 

34 
41 
39 
37 
64 
40 

40.0 
29.7 

7 

Note: Greater than(>) values were excluded from the mean lCso calculation. 

A-2-2 

Table A-2-5. LCsos for a P01W effluent over 4 months. 
Tests were conducted using either Ceriodaphnia dubio or 
fathead minnows or both. Ceriodaphnia tests were conducted 
for 48 hours while fathead minnow tests were 96 hours. Both 
the 48-hour and 96-hour fathead minnow results are shown in 
order to evaluate how the LCsos for the two species compare. 
All tests were conducted according to the methods described 
in Reference 6. Dates with roman numeral notation mean that 
more than one sample was collected at different times over a 
short interval (1 to 2 days). (Data source: [8].) 

Sample Date ~ - c--: ifub;i; 
LC50 (%) 

--
I P. promelos 

I 48 hours i 48 hours 
I 

J...~~ours __ 

09/01/88-1 I 2.1 >100 77 
I 

11/15/88-1 92 67 I 37 

I 
I I 

11/16/88-1 61 >100 I 100 
11/30/88-11 >100 >100 I 33 
11/30/88-111 I 95 >100 I >100 
12/08/88-1 100 I 87 54 
12/08/88-11 I >100 I 87 ! 53 
12/13/88-1 I 90 >100 

I 
77 

12/13/88-11 87 I 85 I 51 
01/10/89-1 I 75 58 I * -
01 110/89-11 61 ' 41 * 

I 
--

01/19/89-1 I 100 88 i 68 
01/19/89-11 I 87 84 69 
01/25/89-1 

I 
>100 87 I 64 

01/25/89-11 95 85 I 56 
01/31/89-1 90 70 I 60 

_O_!fi1_f8J~! -\- __ 6i __ -·- _ _7Q_ __ I 60 - - -----, 
Mean: 78.4 75.8 

i 
61.3 

cv (%): 

I 
33.1 19.6 I 27.7 

n: 14 12 14 

'Not obtained. 

Note: Greater than(>) values were not included in the mean lCso calculation. 



Table A-2-6. NOECs for a POTW effluent conducted 20 times 
over 1 year. All tests were conducted using Champia parvula 
according to methods described in Reference 1. All effluent 
samples were 24-hour composites collected post·chlorination. 
(personnal communication-Glen Thursby, SAIC, 
Narragansett, Rl). 

%Effluent 
------- --- ------

Test Date IC25 IC50 NOEC 
·------ -- --- ·-----

12/09/85 0.65 1.23 1.25 
12/10/85 0.38 0.76 1.25 
12/11/85 0.69 1.50 2.50 
12/12/85 0.41 0.82 1.25 
12/13/85 3.09 4.12 5.00 
12/15/85 2.16 4.09 5.00 
07/16/86 2.99 4.33 5.00 
07/17/86 3.59 4.68 5.00 
07118/86 .44 4.76 5.00 
07/19/86 .47 3.41 5.00 
07/20/86 .24 3.98 7.50 
07/21/86 .11 3.20 5.00 
07/22/86 .84 5.19 5.00 
9/09/86 .07 3.02 2.50 
09/10/86 

I 
. 1 7 4.13 7.50 

09/11/86 .73 3.62 7.50 
09/12/86 -+ .57 1.89 1.25 
09/14/86 .25 1.76 _ __L 2.50 
----- ----r--- --- ·----
n: 18 18 18 
Mean: 2.2 3.1 

I 
4.2 

cv (%): 52.8 46.8 NA 

Table A-2-8. NOECs for a POTW effluent over 1 year. All 
tests used Mysidopsis bahia according to methods described in 
Reference 1. All effluent samples were 24-hour composites 
collected post-chlorination. (Data source: ERL-Narragansett, 
Rl.) 

Te" Date sf IC, 

12/09-12/16/85 1.78(G) l 
07/16 - 07/23/86 2. 75(R) 
09/09 - 09/16/86 I 0.69(R) I 
11 !11 - 11 /18/86 0.66(R) 
Mean: 
cv (%): 
n: 

R-Reproductive endpoint 

S-Survival endpoint 

G·Growth endpoint 

1.47 
I 

68.0 
4 

! 

%Effluent 

IC50 NOEC 

2.93(G) 1.0 
6.3(S) 3.2 

20.1 (S) 10.0 
0.99(R) 3.2 
7.58 4.4 

113.8 NA 
4 4 

A-2-3 

Table A-2-7. NOECs for a POTW effluent over 1 year. All 
tests used Arbacia punctulata according to methods described 
in Reference 1. All effluent samples were 24-hour composites 
collected post-chlorination. (Data source: ERL-Narragansett, 
Rl.) 

f-- % Effluent 
Test Date t- IC-;;- ~- IC

50 
-· ---- NOEC - -

12/09/85-
1 

~9 -r ------=JJ1 -----:- 0.6s -
12!1 0/85 

1

. 1.41 1 2.84 0.65 
12/11 /85 0.75 1.09 0.65 
12!12/85 3.28 4.06 1.30 
12!13/85 2.65 5.32 2.50 
12/14/85 1.11 1.60 0.65 
12!15/85 1 .29 1 .84 0.65 
07/16/86 0.17 0.35 <0.30 
07/17/86 0.21 0.46 <0.30 
07 !18/86 0.63 0.86 <0.30 
07/19/86 1.09 1.68 <0.30 
07/20/86 0.54 1.13 <0.30 
07/21/86 0.40 0.58 <0.30 
07/22/86 0.40 0.56 <0.30 
09/09/86 0.31 0.41 <0.30 
09/11/86 0.47 0.79 <0.60 
09/12/86 0.21 0.48 <0.20 
09/13/86 3.30 5.42 1.30 
09/14/86 0.23 0.35 <0.20 
09/15/86 0.10 0.15 <0.20 
11 !11/86 0.27 0.54 1.30 
11/13/86 0.88 1.48 0.30 
11/14/86 0.82 1.61 0.60 
11/15/86 0.34 0.56 <0.30 

r----
Mean: 0.91 1.49 0.95 
CV (%): 101.3 96.9 NA 
n: 24 24 11 

Note: Less than(<) values were excluded from CV and mean NOEC calculations_ 



Table A-2-9. NOECs for a POTW effluent over 1 year. All 
tests used Menidia beryl/ina according to methods described 
in Reference 1. All effluent samples were 24-hour composites 
collected post-chlorination. (Data source: ERL-Narragansett, 
Rl.) 

%Effluent 

Test Date IC25 IC50 NOEC 
---------
1 2/09 . 12/1 6/85 15.4 21.3 10.0 
07/16. 07/23/86 15.2 21.0 10.0 

' 09/09 - 09/16/86 14.2 20.1 10.0 
11/11.11/18/86 1\C 1\C I 10.0 --------
Mean: 14.9 20.8 10.0 
cv (%): 4.3 3.0 NA 
n: 3 3 4 

NC - Value is not calculable. 

Table A-2-10. LC5os for a refinery effluent over 14 months. 
Tests were conducted using either Ceriodaphnia dubio or 
fathead minnows Pimephales promelas or both. Ceriodaphnia 
tests were conducted for 48 hours while fathead minnow tests 
were 96 hours. Both the 48-hour and 96-hour fathead minnow 
results are shown in order to evaluate how the LCsos for the 
two species compare. All tests were conducted according to 
the methods described in Reference 6. Dates with roman 
numeral notation mean that more than one sample was 
collected at different times over a short interval (1 to 2 
days). (Data source: [8].) 

I ~ample-Date -r----c ___ d_u_b-io--.--L_C_so_C_%_P~-p-r_o_m_e_la_s ___ -l 

I ____ _ l_ 48 _h_o_u_rs_+-_48 __ h_o_u_rs_+-\_96 __ h_o_u_rs----1 
12/01/87 
01/05/88 
02/09/88-1 
02/09/88-1 
03/02/88-1 
03/02/88·11 I 

03/24/88-1 
05/06/88-1 

15 
35 
35 
35 
17 

<12 
35 
35 

35 I 16 
36 I 19 
35 
35 

* 

38 
35 

* 

<12 
<12 

* 

* 
* 

07/14/88-1 55 61 25 
07 I 28/88-1 37 35 I 22 
07/28/88·11 i 28 31 I <25 
09/29/88-1 41 39 25 
12101/88-1 1 1s s6 34 

I 
12/07/88-1 18 67 13 
01/27/89-1 1 00 61 I 37 
01/27/89·11 1 11 60 2s 
0~2~89-l_l __ S!_ --t-__ 54 __ --+ __ 2_0_----t 
Mean LC5o: 43 45 24 
CV (%): I 54 28 I 32 
n: , 16 15 I 10 

Data not available. 

Note: Less than values excluded from mean LCso calculations. 
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Table A-2-1 1. LC5os for a refinery effluent conducted over 6 
months using fathead minnows (Pimepholes promelos), 
Ceriodaphnio dubio, and mysids (Mysidopsis bohio), according 
to methods described in Reference 6. (Data source: Dorn, 
1 989.) 

! 
LC50 

(% Effluent) 

Test Date I C. dubio P. promelos M. bohia 
------- - ----

1/24/86 - ! 26.6 -
2/26/86 65.0 24.5 -

I 
3/05/86 50.9 - -
3/12/86 

i 
39.3 36.6 -

3/19/86 66.5 40.5 -
4/02/86 65.4 32.8 -
4/09/86 69.8 34.2 -
4/17/86 71.2 37.2 -
4/23/86 I 71.8 35.9 38.0 
5/14/86 82.0 38.7 35.8 
5/28/86 65.4 22.0 -
6/11/86 82.0 i - 24.7 
Mean NOEC: 66.3 

I 
32.9 32.8 

CV (%): ! 18.7 19.5 

I 
21.6 

n: I 11 10 3 

Table A-2-12. NOECs for a refinery effluent conducted over 6 
months using fathead minnows (Pimepholes promelos), 
Ceriodaphnia dubio, and mysids (Mysidopsis bahia), according 
to methods described in References 1 and 2. (Data source: 
Dorn, 1 989.) 

I 
LC50 

(o/o Effluent) 

Test Date 
f------

C. dubio 
~----~-- ---
· P. promelas M. bahia 

------·-
I 

1/24/86 - 14.1 : -
2/26/86 10.1 

I 

7.1 -
3/05/86 I 5.6 - -
3/12/86 10.1 14.1 -
3/19/86 10.1 14.1 -
4/02/86 18.0 14.1 -
4/09/86 I 10.1 14.1 I -
4/17/86 10.1 7.1 

I -
4/23/86 10.1 7.1 24.0 
5/14/86 31.7 14.1 24.0 
5/28/86 18.0 

I 
7.1 

I 
-

6/l 1/86 I 31.7 13.4 -
Mean NOEC: 15.1 I 11.3 I 20.5 
cv (%): 59.6 31.9 29.8 
n: 11 10 3 



Table A-2-13. LCsos for a manufacturing effluent conducted over 2 
ears. All tests were conducted using Daphnia magna according to 
methods described in Reference 6. (Data source: [8J.) 

Test Date 
-··-----

1982 (1st quarter) 
1982 (4th quarter) 
1982 (4th quarter) 
1983 (3rd quarter) 
1983 (3rd quarter) 
1983 (3rd quarter) 
1983 (3rd quarter) 
1983 (3rd quarter) 
1983 (3rd quarter) 
1983 (3rd quarter) 
1983 (3rd quarter) 
1983 (4th quarter) 
1983 (4th quarter) 
1983 (4th quarter) 
1983 (4th quarter) 
1983 (4th quarter) 
1983 (4th quarter) 
1983 (4th quarter) 

Mean LC50: 

cv (%): 
n: 

I LC50 
(% Effluent) 

56 
90 
70 
69 
36 
36 
32 

<18 
28 
67 

<10 
46 
75 
78 
24 
26 
32 
19 

45.1 ± 24.3 
53.9 
18 

Note: Less than(<) values were e~cluded from the mean LCso calculations. 

Table A-2-14. LCsos for a manufacturing effluent conducted over 8 
years. All tests were conducted using Pimepholes promelas according 
to methods described in Reference 6. (Data source: [8].) 

LC50 
Test Date (% Effluent) 

·--

1979 (1st quarter) 72.0 
1979 (1st quarter) 62.0 
1979 (1st quarter) 52.0 
1979 (3rd quarter) 39.0 
1981 (2nd quarter) 64.0 
1981 (4th quarter) 70.0 
1982 (2nd quarter) 44.0 
1982 (2nd quarter) 66.0 
1 985 ( 1 st quarter) 59.6 
1985 (4th quarter) >100.0 
1986 (2nd quarter) i 49.2 
1986 (2nd quarter) 63.8 
1986 (2nd quarter) 

I 

50.0 
1986 (3rd quarter) 75.7 
1986 (3rd quarter) 

-+ 
80.0 

1986 (3rd quarter) 79.0 
1986 (~th quarter) 71.0 

·----

Mean LC50: 64.5 ± 15.1 
cv (%): 23.5 
n: 17 

Note: Greater than(>) values were e~cluded from the mean LCso calculations. 
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Table A-2-15. LCsos for a manufacturing effluent conducted 
over 5 years. All tests were conducted using Pimephales 
promelas according to methods described in Reference 6. 
(Data source: [8].) 

I LCso 
Test Date (% Effluent) 

1980 (1st quarter) ' 18.0 
1980 (2nd quarter) 11.0 
1980 (3rd quarter) 

I 
32.0 

1980 (4th quarter) 16.0 
1981 (1st quarter) 

; 

32.0 
1981 (2nd quarter) 23.0 
1981 (3rd quarter) 17.0 
1981 (4th quarter) 46.0 
1982 (1st quarter) 9.0 
1982 (2nd quarter) 32.0 
1982 (3rd quarter) 28.0 
1982 (4th quarter) 52.0 
1983 (1st quarter) 34.0 
1983 (2nd quarter) 33.0 
1983 (3rd quarter) 20.0 

I 

1983 (4th quarter) 
! 

43.0 
1984 (1st quarter) 45.0 
1984 (2nd quarter) 19.0 
1984 (3rd quarter) 61.0 
1984 (4th quarter) 20.0 -
Mean LC50: 29.6 ± 14.2 
cv (%): 47.9 
n: 20 

Table A-2-16. LC5os for a manufacturing effluent conducted 
over 5 years. All tests were conducted using Daphnia magna 
according to methods described in Reference 6. (Data source: 
[8].) 

LCso 
Test Date 

_l 
(% Effluent) 

·----
1981 (2nd quarter) 100.0 
1981 (3rd quarter) > 100.0 
1982 (3rd quarter) > 100.0 
1984 (4th quarter) 80.0 
1985 (1st quarter) 75.0 
1986 ( 1 st quarter) 25.0 
1986 (2nd quarter) 82.0 
1987 (1st quarter) 75.0 
1987 (1st quarter) ! 24.0 
1987 (1st quarter) >100.0 
1987 (1st quarter) >100.0 

Mean LCso: 65.9 ± 29.5 
cv (o/o): 44.8 

n: 11 

Note: Greater than (>) values were e~cluded from the mean LC 50 calculations. 



Table A-2-17. LC5os for a manufacturing effluent conducted 
over 7 years. All tests were conducted using Daphnia pulex 
according to methods described in Reference 6. (Data source: 
[8].) 

LCso 
Test Date (% Effluent) 

·- -- ·--

1 980 (1st quarter) 55.0 
1980 (4th quarter) 33.0 
1 981 (1st quarter) 60.0 
1981 (1st quarter) 24.0 
1 981 (1 st quarter) >100.0 
1981 (2nd quarter) > 100.0 
1981 (3rd quarter) I >100.0 
1982 (3rd quarter) I > 100.0 
1986 (3rd quarter) .J >100.0 
1 ?86 (3!:_d qua_rter) __ > 100.0 

-
Mean LC50: 43.0 ± 17.3 
cv (%): 40.2 
n: 10 

Note: Greater than(>) values were excluded from the mean Lc50 calculations. 
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Table A-2-18. LC5os for a manufacturing effluent conducted 
over 3 months. All tests were conducted using Daphnia 
magna according to methods described in Reference 6. (Data 
source: [8].) 

LCso 
Test Date (% Effluent) 

r--- --
1982 (4th quarter) >100.0 
1982 (4th quarter) 81.0 
1982 (4th quarter) I 57.0 
1982 (4th quarter) 61.0 
1982 (4th quarter) 87.0 
1982 (4th quarter) 90.0 
1982 (4th quarter) 90.0 
1982 (4th quarter) >100.0 
1982 (4th quarter) >100.0 
1982 (4th quarter) 54.0 
1982 (4th quarter) ' 74.0 
1982 (4th quarter) >100.0 

;---· - ·-- --· -· --
Mean LC50: 74.3 ± 15.1 
cv (%): 20.3 
n: 12 

Note: Greater than (>)values were excluded from the mean LCso calculations. 
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ACUTE·TO·CHRONIC RATIO DATA 



Table A·3·1. Example of Acute·to·Chronlc Ratios 

011 Reflnery1 

Fathead 
Minnow Ctrlodaphnlo Myslds 

1.89 9.09 1.58 
3.47 3.89 1.49 
2.60 6.58 1.84 
2.87 3.63 
2.33 6.91 
2.43 7.05 
5.26 7.11 
5.08 3.63 
2.74 2.59 
3.11 5.5 
5.1 4.4 

>10.0 
> 7.1 
> 3.3 
> 2.0 
> 3.0 

2.8 
5.42 

Mean ACR: 3.3 5.3 1.64 
n: 11 13 3 
Range: 1.89-5.26 2.59->10.0 1.49-1.84 

! Personal communication P. Dorn. 

2 Per1onal communication M.L.C. Ramos and E. Bertoletti (Sao Paulo, Brazil). 

Note: Greater than (>) values were excluded from mean calculations. 
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Tallie A-3·2. Ex8111ples of Aclte·to.Chronlc Ratios 
Chemical Manufacturers 

Fathead 
Minnow Ctrlodophnia 

0.17 > 1.0 
0.07 > 1.0 
8.4 >10.0 
7.6 >50.0 

>3.0 > 2.9 
3.9 > 1.4 

>3.0 1.4 
1.8 1.4 

I 3.9 
I 2.8 

> 2.0 
> 4.0 

4.0 
1.4 
5.5 

I 1.8 

) 

> 3.3 
> 3.3 
> 3.3 

I 1.4 
> 2.0 

5.5 
1.5 
1.4 
5.0 

>10.0 
> 2.0 
>3.3 

3.11 
14.01 

4.31 

2.51 

1.8i 
5.51 

5.41 

Mean ACR: 3.7 3.72 
n: 6 20 
Range: 0.07- 8.4 1.4- >50 

1 Personal communkation M.L.L.C. and E. Bertoletti (Sao Paulo, Brazil). 

2 Greater than (>) values were excluded from the mean calculation. 



Table A·3·3. Example of Acute·to·Chronlc Ratios 

POTWs 

I Fathead 

i Minnow Ceriodophnio 

2.9 I 1.4 
6.1 5.5 
1.5 

I 
> 1.0 

13.0 > 1.0 
1.8 > 1.0 
2.6 

I 
1.8 

9.3 1.4 
' > 1.0 2.0 

> 3.0 I 2.4 
5.3 3.0 
3.3 3.0 
5.4 5.5 

> 3.0 4.9 
3.0 > 2.0 

> 8.0 
> 2.0 
> 1.0 
> 3.3 
> 2.0 

4.4 
16.1 

> 4.0 
> 3.3 

>10.0 
2.6 
5.7 
2.8 

>10.0 
> 2.0 

1.4 
2.6 

> 3.3 
1.8 
5.5 
1.5 

> 3.3 

-t-
5.5 --

Mean ACR: 4.9 I 3.8* 
n: 11 21 
Range: 1.5 - 9.3 1.4-16.1 

• Greater than (>) Yalues were e•cluded from mean calculations. 
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SUMMARY OF CLEAN WATER ACT PROVISIONS 



CLEAN WATER ACT (33 U.S.C. 1251 SEQ.) 

Statutory Authority for the Use of Toxicity Testing and Whole Effluent Toxicity 
Limitations in NPDES Permits: 

Over the years, a developmental process has occurred regarding the use of biological techniques to assess 
effluent discharges and set permit limits. The acquisition of data and the development of new techniques has 
contributed to the refinement of toxicity testing methods, thus enabling EPA to more fully act in accordance 
with its mandates to implement statutory requirements relating to the attainment and maintenance of water 
quality. 

Toxicity testing of Whole Effluents and Whole Effluent toxicity limitations in National Pollutant Discharge 
Elimination System (NPDES) permits are essential components in the control of the discharge of toxic 
pollutants to the nation's waters. The use of toxicity testing and Whole Effluent toxicity limitation in the 
NPDES program is clearly authorized by the Clean Water Act (CWA). 

Relevant provision of the CWA that provide the statutory authority for using toxicity testing and Whole 
Effluent toxicity limitations include the following: 

• Section 1 01 {a) sets forth not only the goal of restoring and maintaining the "chemical, physical, and 
biological integrity of the Nation's waters" (emphasis added), but also in Section 101 (a)(3) the 
national policy of prohibiting the "discharge of toxic pollutants in toxic amounts" (emphasis added). 

• As defined at Section 502(15), biological monitoring means that "determination of the effects on 
aquatic life, including accumulation of pollutants in tissue, in receiving waters due to the discharge 
of pollutants {A) by techniques and procedures, including sampling of organisms representative of 
appropriate levels of the food chain appropriate to the volume and the physical, chemical, and 
biological characteristics of the effluent, and (B) at appropriate frequencies and locations." 

• Section 304(a)(8) requires EPA to develop information on methods, including biological monitoring 
and assessment methods, to establish and measure water quality criteria for toxic pollutants on bases 
other than pollutant by pollutant criteria. 

• Section 303(c)(2)(B) states, "Nothing in this section shall be construed to limit or delay the use of 
effluent limitations or other permit conditions based on or involving biological monitoring or 
assessment methods ... " (emphasis added). 

• Section 302(a) provides the authority to establish water quality-based effluent limitations on 
discharges that interfere with the attainment or maintenance of that water quality which shall assure 
protection of public health, public water supplies, and the protection and propagation of a balance 
population of shellfish, fish and wildlife, among other uses. The effluent limitations established 
must reasonably be expected to contribute to attainment or maintenance of such water quality. 

• Under Section 301 (b)(l )(C) and Section 402, all NPDES permits must comply with any more stringent 
limitations necessary to meet applicable water quality standards, whether numeric or narrative. 

• CWA Section 308(a) and Section 402 provide authority to EPA or the Sate to require that NPDES 
permittees/applicants use biological monitoring methods and provide chemical, toxicity, and 
instream biological data when necessary for the establishment of effluent limits, the detection of 
violations, or the assurance of compliance with water quality standards. 

• Section 510 provides the authority for states to adopt or enforce any standards or effluent limitations 
for the discharge of pollutants only on the condition that such limitations or standards are no less 
stringent than those in effect under the CWA. 
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POLICIES FOR TOXICS CONTROL 
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(OW-FRL-2533·1 J 

Development of Water Ouallty-Based 
Permit Limitations for Toxic Pollutants; 
NatJonal Polley 

AGENCY: Environmental Protection 
Agency (EPA). 
ACTION: Notice. 

SUMMARY: EPA has issued a national 
policy statement entitled "Policy for the 
Development of Water Quality-Based 
Permit Limitations for Toxic Pollutants." 
This policy addresses the technical 
approach for assessing and controlling 
the discharge of toxic subslances to the 
Nation's waters through the National 
Pollutant Discharge Elimination System 
(NPDES) permit program. 
FOR FURTHER INFORMATION CONTACT: 
Bruce Newton or Rick Brandes, Permits 
Division (EN-336). Office of Water 
Enforcement and Permits, U.S. 
Environmental Protection Agency. 
WaRbington. D.C. 20460.426-7010. 
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IUPPUIIENTMY IIFORMATION: As the 
water pollution control effort in the 
United States progresses and the 
"traditional" pollutants {oxygen 
demanding and eutrophying materials) 
become sufficiently treated to protect 
water quality, attention is shifting 
towards pollutants that impact water 
quality through toxic effects. Compared 
with the traditional pollutants, 
regulation of toxic pollutants is 
considerably more difficult. The 
difficulties include (1) the great number 
of toxic chemicals that may potentially 
be discharged to receiving waters and 
the difficulties in their analysis: (2) the 
changes in the toxic effects of a 
chemical resulting from reactions with 
the matrix of constituents in which it 
exists: and (3) the inability to predict the 
effects of exposure to combinations of 
chemicals. 

To overcome some of these problems. 
EPA and the States have begun to use 
aquatic toxicity tests and various human 
health assessment techniques to 
complement chemical analyses of 
effluents and receiving water samples. 
Because these techniques or their 
application to effluent testing are new, 
EPA and the States have been cautious 
in their use. Based on EPA's evaluation 
of these techniques and the experiences 
of several States, EPA is now 
recommeding the use of biological 
techniques as a complement to 
chemical-specific analyses to assess 
effluent discharges and express permit 
limitations. EPA has issued these 
recommendations through a statement 
of policy and is developing a technical 
guidance document to help implement 
the policy. 

The complete test of the national 
policy statement follows: 

Policy for tlae Development of Water 
Quality-Based Permit Limitations for 
Toxic: Pollutants 

Statement :J[ polic:y· 

To con fro! pollutants beyond Best 
Available TP.chnology Economically 
Achievable (BAT), secondary treatment, 
and other Clean Water Act technology
based requirements in order to meet 
water quality standards. the 
Environmental Protection Agency (EPA) 
will use an integrated strategy 
consisting of both biological and 
chemical methods to address toxic and 
nonconventional pollutants from 
industrial and municipal sources. Where 
State standards contain numerical 
criteria for toxic pollutants, National 
Pollutant Discharge Elimination System 
(NPDES) permits will contain limits as 
necessary to assure compliance with 
these standards. In addition to enforcing 

specific numerical criteria, EPA and the 
States will use biological techniques and 
available data on chemical effects to 
assess toxicity impacts and human 
health hazards based on the general 
standard of "no toxic materials in toxic 
amounts." 

EPA, in its oversight role, will work 
with States to ensure that these 
techniques are used wherever 
appropriate. Under section 308 and 
section 402 of the Clean Water Act (the 
Act), EPA or the State may require 
NPDES permit applicants to provide 
chemical, toxicity, and instream 
biological data necessary to assure 
compliance with standards. Data 
requirements may be determined on a 
case-by-case basis in consultation with 
the State and the discharger. · 

Where violations of water quality 
standards are identified or projected, 
the State will be expected to develop 
water quality-based effiuent limits for 
inclusion in any issued permit. Where 
necessary, EPA will develop these limits 
in consultation with the State. Where 
there is a significant likelihood of toxic 
effects to biota in the receiving water. 
EPA and the States may impose permit 
limits on effluent toxicity and may 
require an NPDES permittee to conduct 
a toxicity reduction evaluation. Where 
toxic effects are present but there is a 
significant likelihood that compliance 
with technology-based requirements will 
sufficiently mitigate the effects, EPA and 
the States may require chemical and 
toxicity testing after installation of 
treatment and may reopen the permit to 
incorj>orate additional limitations if 
needed to meet water quality standards. 
(Toxicity data, which are considered 
"new information" in accordance with 
40 CFR 122.62{a){2), could constitute 
cause for permit modification where 
necessary.) 

To carry out this policy, EPA Regional 
Administrators will assure that each 
Region has the capability to conduct 
water quality assessments using both 
biological and chemical methods and 
provide technical assistance to the 
States. 

Background 

The Clean Water Act establishes two 
principal bases for effluent limitations. 
First, existing dischargers are required 
to meet technology-based effluent 
limitations that reflect the best controls 
available considering economic impacts. 
New source dischargers must meet the 
best demonstrated technology-based 
controls. Second, where necessary, 
additional requirements are imposed to 
assure attainment and maintenance of 
water quality standards established by 
the States and approved by EPA. In 
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establishing or reviewing NPDES permit 
limits, EPA must ensure that the limits 
will result in the attainment of water 
quality standards and protect 
designated water uses, including an 
adequate margin of safety. 

For toxic and nonconventional 
pollutants it may be difficult in some 
situations to determine aUainment or 
nonattainment of water quality 
standards and set appropriate limits 
because of complex chemical 
interactions which affect the fate and 
ultimate impact of toxic substances in 
the receiving water. In many cases, all 
potentially toxic pollutants cannot be 
identified by chemical methods. ln such 
situations. it is more feasible to examine 
the whole effluent toxicity and instream 
impacts using biological methods rather 
than attempt to identify all toxic 
pollutants, determine the effects of each 
pollutant individually, and then attempt 
to assess their collective effect. 

The scientific basis for using 
biological techniques has advanced 
significantly in recent years. There is 
now a general consensus that an 
evaluation of effluent toxicity, when 
adequately related to instream 
conditions. can provide a valid 
indication of receiving system impacts. 
This information can be useful in 
developing regulatory requirements to 
protect aquatic life, especially when 
data from toxicity testing are analyzed 
in conjunction with chemical and 
ecological data. Generic human health 
effects methods, such as the Ames 
mutagenicity test, and structure-activity 
relationship techniques are showing 
promise and should be used to identify 
potential hazards. However, pollutant
specific techniques are the best way to 
evaluate and control human health 
hazards at this time. 

Biological testing of effluents is an 
important aspect of the water quality
based approach for controlling toxic 
pollutants. Effluent toxicity data in 
conjunction with other data can be used 
to establish control priorities, assess 
compliance with State water quality 
standards. and set permit limitations to 
achieve those standards. All States have 
water quality standards which include 
narrative statements prohibiting the 
discharge of toxic materials in toxic 
amounts. A few State standards have 
criteria more specific than narrative 
criteria (for example. numerical criteria 
for specific toxic pollutants or a toxicity 
criterion to achieve designated uses). In 
States where numerical criteria are not 
specified, a judgment by the regulatory 
authority is required to set quantitative 
water quality-based limits on chemicals 
and effluent toxicity to assure 
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compliance with water quality 
standards. 

Note.-Section 308 of the Act and 
corresponding State statutes authorize El'A 
and the Sti!tes to require of the owner/ 
operator any information reasom1bly required 
to determine permit limits and to determine 
compliance with standards or permit lim it H. 

Fl:ological methods are specifically 
mentioned. Toxicity permit limits HrP 
authorized under Section 301 R nd 4(12 ancl 
supported by Section 101. 

Application 

This policy applies to EPA and the 
States. The poli<;y addresses the use of 
chemical and biological methods for 
assuring that effluent discharges are 
regulated in accordance with Federal 
and State requirements. This policy was 
prepared, in part, in response to 
concerns raised by litigants to the 
Consolidated Permit Regulations (see FR 
52079, November 18. 19B2). Use of these 
methocJs for developing water quality 
standards and trend monitoring are 
discussed elsewhere (see 48 FR 51400, 
November 8, 1983 and Basic Watu 
lHoniloring Program EPA-440/9-7fHl25). 
This policy is part of EPA's water 
quality-based control program and does 
not supersede other regulations, polir.y. 
Hnd guidance regarding use 
attainability, site-specific criteri<i 
modification, wasteload allocation. 11nd 
water quality management. 

Implementation 

Slate Role 

The control of toxic substances to 
protect water quality must be done in 
the context of the Federal-State 
partnership. EPA will work 
cooperatively with the States in 
identifying potential water quality 
standards violations. assembling 
relevant data, developing appropriate 
testing require_menls. determining 
whether standards are being violated, 
and defining appropriate permit limits. 

Note.-Under sections 303 and 401 of the 
Act. States are given primary responsibility 
for developing water quality standards and 
limits to meet those standards. EPA's role is 
to review the State standards and limits and 
develop revised or additional standards or 
limits as needed to meet the requirements of 
the Act. 

Integration of Approaches 

The type of testing that is most 
11ppropriate for assessing water quality 
impacts depends on the type of effluent 
and discharge situation. EPA 
recommends that an integrated 
approach, including both biological and 
chemical techniques. be used to assess 
and control water quality. The principal 
advantages of chemical-specific. 

techniques are that (1) chemical 
<malyses are usually less expensive them 
biological measurements in simple 
cases; (2) treatment systems are more 
e11sily designed to meet chemical 
requirements than toxicity requirements: 
and (3) human health hazards and 
bioaccumulative pollutants can best be 
<1ddressed at this time by chemicHI
specific analysis. The principal 
C~dvantages of biological techniques are 
1hat (1 1 the effects of complex 
discharges of many known and 
unknown constituents can be measured 
only by biological analyses; (2) 
bioa vailabili ty of pollutants after 
d;scharge is best measured by toxicity 
testing: and (3) pollutants for which 
there are inadequate chemical analytic<~l 
methods or criteria can be addressed. 

Pollutant-specific chemical analysis 
techniques should be used where 
dischHrges contain few, well-quantified 
pollutants and the interactions and 
effects of the pollutants are known. In 
addition, pollutant-specific techniques 
should be used where health hazards 
are a concern or bioaccumulation is 
suspected. Biological techniques should 
be used where effluents are complex or 
where the combined effects of multiple 
discharges are of concern. EPA 
recognizes that in many cases both 
types of analysis must be used. 

Testing Requirements 

Requirements for dischargers to 
collect information to assess attainment 
or nonattainment of State water quality 
standards will be imposed only in 
selected cases where the potential for 
nonattainment of water quality 
standards exists. Where water quality 
problems are suspected but there is a 
strong indication that complying with 
BCT/BAT will sufficiently mitigate the 
impacts, EPA recommends that 
applicable permits include testing 
requirements effective after BCT /BAT 
compliance and reopener clauses 
allowing reevaluation of the discharge. 

The chemical, physical, and biological 
testing to be conducted by individual 
dischargers should be determined on a 
case-by-case basis. In making this 
determination, many factors must be 
considered, including the degree of 
impact, the complexity and variability of 
the discharge, the water body type and 
hydrology, the potential for human 
health impact, the amount of existing 
data, the level of certainty desired in the 
water quality assessment, other sources 
of pollutants, and the ecology of the 
receiving water. The specific data 
needed to measure the effect that a 
discharger has on the receiving water 
will \'ary according to these and other 
factors. 
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An assessment of water qu11lity 
should, to the extent practicable, include 
other point and nonpoint sources of 
pollutants if the sources may he 
contributing to the impacts. Special 
attention should be focused on Publidy 
Owned Treatment Works (POTW's) 
with a signiftcanl contribution of 
industrial waste-water. Recent studies 
have indicated thai '<ur:h POTW's are 
often significant sources of toxic 
materiuls. When developing monitoring 
requirements. interpreting data, and 
determining limitations. permit 
engineers should work closely with 
water quality staff lit boih the St11te and 
Fedcrallrvels. 

A discharger may be required to 
provide data upon request under section 
308 of the Ar.t, or such a requirement 
may be included in its NPDES permit. 
The development of a final assessment 
may require se\'eral iterations of data 
collection. Where potential problems are 
identified, EPA or the Slate may require 
monitoring to determine whether more 
information is needed concerning water, 
quality effects. 

Use of Data 

Chemical. phystcal. and biological 
data will be used to determine whether, 
after compliance with BCT /BAT 
requirem1mts. there will be violations of 
State Witter quality standards resulting 
from the discharge(s). The narrative 
prohibition of toxic materials in toxic 
amounts contained in all State 
standards is the basis for this 
determination taking into account the 
designated use for the receiving water. 
For example. discharges to waters 
classified for propagation of cold water 
fish should be evaluated in relation to 
Hcute and chronic effects on cold water 
organisms. potential spawning areas, 
and effluent dispersion. 

Setting Permit Limil~tions 

Where violations of water: quality 
standards exist or are projected, the 
State and EPA will determine pollution 
control requirements that will attain the 
receiving water designated use. Where 
effluent toxicity is an appropriate 
control parameter, permit limits on 
effluent toxicity should be developed. 111 
such cases. EPA may also require a 
permittee to conduct a toxicity reduction 
evaluation. A toxicity reduction 
evHiuation is an investigation conducted 
within a plunt or municipal system to 
isolate the sources of effluent toxicity, 
specific causative pollutants if possible, 
and determine the effectiveness of 
pollution control options in reducing the 
effluent toxicity. If specific chemicals 
are identified as the cause of the water 
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quality standards violation, these 
individual pollutants should be limited. 
If a toxicity reduction evaluation 
demonstrates that limiting ap indicator 
parameter will ensure attainment of the 
water quality-based effluent toxicity 
requirement, limits on the indicator 
parameter should be considered in lieu 
of limits on effluent toxicity. Such 
indicator limits are not limits on 
causative pollutants but limits 
demonstrated to result in a specific 
toxicity reduction. 

Monitoring 

Where pollution control requirements 
are expressed in terms of a chemical or 
toxicological parameter, compliance 
monitoring must include monitoring for 
that parameter. If an indicator 
parameter is used based on the results 
of a toxicity reduction evaluation, 
periodic toxicity testing may be required 
to confirm the adequacy of the indicator. 
Where biological data were used to 
develop a water quality assessment or 
where the potenliaJ for water quOJ lity 
standards violations exist. biological 
monitoring (including instream 
monitoring) may be required to ensure 
continuing compliance with water 
quality standards. 

EPA believes that the intelligent 
application of an integrated strategy 
using both biological and chemical 
techniques for water quality assessment 
will facilitate the development of 
appropriate controls and the attainment 
of water quality standards. EJ1A looks 
forward to working with the States in a 
spirit of cooperation to further refine 
these techniques. 

Policy signed February 3. 1984 by Jack E. 
Ravan, Assistant administrator for Water. 

Dated: february Hi. 19M. 
Jack E. Rnan. 
As .. istant A.lmini.~trotcr for Wuter 
jt'R Doc. -5 ~·ilkd :HHM. 8:•5 .ml 
III.UNO CODE 1..-50-111 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
WASHINGTON, D.C. 20460 

AUG 2 I 1989 OFFICE OF 
WATER 

MEMORANDUM 

SUBJECT: 

FROM: 

TO: 

New Regulations Governing Water Quality-Based 
Permitting in ~h~~ES Permitting Program 

~~~~l~~ 
ce of Water Enforcement 

Permits 

Water Management Division Directors 
Regions I - X 

On May 26, 1989 the Deputy Administrator signed regulations 
that implement section 304(1) of the CWA. The regulations became 
effective upon his signature and were published in the Federal 
Register on June 2, 1989 (54 Fed. Reg. 23868}. This rulemak1ng 
also clarified and reinforced EPA's existing regulations 
governing water quality-based permitting. The purpose of this 
memorandum is to describe the significance of these 
clarifications to EPA's baseline water quality-based permitting 
regulations. 

CHANGES TO 40 C.F.R. PART 122 

Section 122.44 covers the establishment of limitations, 
standards, and other permit conditions in NPDES permits. 
Subsection (d) covers water quality standards and state 
requirements. Prior to the promulgation of these new regulations 
the subsection was non-specific, requiring only that NPDES 
permits be issued with requirements more stringent than 
promulgated effluent guidelines as necessary to achieve water 
quality standards. We have strengthened considerably the 
requirements of §122.44(d). The new language is very specific 
and requires water quality-based permit limits for specific 
toxicants and whole effluent toxicity where necessary to achieve 
state water quality standards. The following is a section-by
section description of the new requirements. 
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1. §122.44(d)(l)(i) 

This new paragraph provides that all pollutants that cause, 
have the reasonable potential to cause, or contribute to an 
excursion above a water quality standard must be controlled to 
achieve all applicable water quality standards, including 
narrative water quality criteria. We added this paragraph so 
that our regulations would reflect EPA's approach to water 
quality-based permitting. 

2. §122.44(d)(l)(ii) 

Subparagraph (ii) of the new regulations requires the states 
to use valid procedures to determine whether a discharge causes, 
has the reasonable potential to cause, or contributes to an 
excursion above a water quality standard. These procedures must 
account for existing controls on point and nonpoint sources of 
pollution, the variability of the pollutant in the effluent, the 
sensitivity of the test species (when evaluating whole effluent 
toxicity), and where allowed by state water quality standards, 
the dilution of the effluent in the receiving water. The purpose 
of this new regulation is to require the states to use 
technically valid procedures when determining whether a discharge 
is exceeding a numeric or narrative water quality criterion. 
When the permitting authority determines, using these procedures, 
that a discharge causes, has the reasonable potential to cause, 
or contributes to an excursion above a water quality criterion, 
that permit must include one or more water quality-based effluent 
limits established under subparagraphs (iii) - (vi). 
Subparagraphs (iii) and (iv) deal with water quality-based 
limitations where the state has numeric water quality criteria: 
subparagraphs (v) and {vi) deal w1th a state's narrative water 
quaity criteria. 

3. §122.44(d)(l)(iii) 

This paragraph requires NPDES permits to include effluent 
limitations for every individual pollutant that causes, has the 
reasonable potential to cause, or contributes to an excursion 
above a numeric water quality criterion. Thus, when a state has 
adopted a water quality criterion for an individual pollutant and 
the state determines under subparagraph (ii) that an effluent 
limit is necessary, subparagraph (iii) requires an effluent limit 
for that individual pollutant. 

4. §122.44(d)(l)(iv) 

Subparagraph (iv) requires effluent limitations on whole 
effluent toxicity when a discharge is exceeding a state numeric 
criteria for whole effluent toxicity. This paragraph is appl1ed 
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where a state has adopted a numeric criterion for whole effluent 
toxicity (e.g. a discharge must achieve an LCSO of 50% or 
higher). 

5. §122.44(d){l)(v) 

When the state determines that a discharge exceeds a 
narrative water quality criterion, subparagraph (v} requires 
effluent limitations on whole effluent toxicity. If, however, 
chemical-specific effluent limitations are demonstrated to be 
sufficient to achieve all applicable water quality standards, 
then subparagraph (v) allows the permitting authority to forego a 
limitation on whole effluent toxicity. It may be necessary for 
you to work with an individual state to ensure that they have the 
necessary protocols to support whole effluent toxicity limits. 

6. §122.44(d)(l)(vi) 

Where an actual or projected excursion above a narrative 
water quality criterion is attributable to a particular 
pollutant, but the state has not adopted a water quality 
criterion for the pollutant of concern, this new regulation 
requires water quality-based effluent limitations which will 
control the pollutant of concern. Subparagraph (vi) establishes 
three options for developing such limitations. Under these 
options, a state may: 1) calculate a numeric criterion for the 
pollutant; 2) use EPA's water quality criterion for the pollutant 
of concern: or 3} establish effluent limits on an indicator 
parameter. 

By an indicator parameter we mean a pollutant or pollutant 
parameter for which control of this indicator will result in 
control of the pollutant of concern. For example, it may be 
shown that a more stringent control on total suspended solids 
will reduce discharge of a metal to a level which achieves the 
water quality standard. Subparagraph (vi) also sets out four 
provisions which must be met to allow the use of an indicator: 

1) The permit must identify which pollutants are intended 
to be controlled by a limit on the indicator parameter. 

2) The fact sheet must set forth the basis for the limit, 
including a finding that compliance with the limit will 
result in controls on the pollutant of concern that are 
sufficient to achieve the water quality standard. 

3) The permit must require all monitoring necessary to 
show continued compliance with water quality standards. 
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4) The permit must contain a reopener clause allowing for 
changes in the permit as needed to achieve water 
quality standards. 

A state's narrative water quality criterion serves as the legal 
basis for establishing such effluent limits. 

7. §l22.44(d)(l)(vii) 

Subparagraph (vii) requires that all water quality-based 
effluent limitations adhere to two fundamental principles: 1) the 
effluent limitations must be derived from and comply with all 
applicable water quality standards; and 2) the effluent 
limitations are consistent with the assumptions and requirements 
of an applicable wasteload allocation (WLA) if a WLA is available 
for the pollutant. 

CHANGES TO 40 C.F.R. PART 123 

We amended the permit objection regulations at 40 C.F.R. 
§123.44 to reflect the amendments to §122.44(d)(l). Under 
§123.44(c)(8) EPA may now object to a state-issued permit if the 
permit does not meet the requirements of §122.44(d){l). Thus, if 
a state does not use technically sound procedures for evaluating 
the need for water quality-based effluent limitations then EPA 
may object to the permit. Also, if a state fails to include 
chemical-specific or whole effluent toxicity limitations in a 
permit as required by paragraphs (iii) - (vi), then EPA may 
object to the permit. Finally, if a water quality based effluent 
limitation is not derived according to the principles in 
subparagraph (vii) then EPA may object to the permit. 

If a state's surface water toxics control program is not 
adequate to implement these requirements, the new regulations at 
40 c.F.R. §123.63 expand EPA's criteria for withdrawing a state's 
NPDES program. Under the new regulations (§123.63(a)(S)), EPA 
may withdraw a state's NPDES program if the state fails to 
develop an adequate regulatory program for developing water 
quality-based effluent limitations. In November 1987, 
Headquarters provided procedural and technical guidance to the 
Regions on conducting state taxies control program reviews to 
assess the adequacy of state water quality-based control 
programs. This guidance sets guidelines for assessing whether or 
not a state's regulations, policies, and technical guidance 
constitute an adequate program. 

The significance of these additions to Part 123 is twofold. 
First, the Regions must issue permits which comply with these 
requirements and must work with the NPDES states to insure they 
also issue permits which comply with these regulations. If the 
states do not issue permits consistent with Part 123, the Region 
must veto insufficient permits and work with the states to 
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reissue the permits with water quality-based effluent limitations 
which achieve water quality standards. The specific requirements 
in §122.44(d) are structured in a way that implements EPA's 
Policy for the Development of Water Quality-Based Permit 
Limitations for Toxic Pollutants {49 Fed. Reg. 9016 March 9, 
1984). Second, Regions will need to look closely at each state's 
surface water toxics control program to ensure that the state's 
regulations, policies and technical guidance result in the 
consistent and comprehensive development of NPDES permits which 
achieve the state's water quality standards. Where this does not 
occur, each Region should work with the state to rectify the 
problem and, after these negotiations and where necessary, 
investigate the possibility of withdrawing the NPDES program. 

I hope these regulations will assist you in developing water 
quality-based effluent limits and will support your efforts to 
implement surface water toxics control programs. If you have 
questions or need more information about these requirement~ 
please contact Cynthia Dougherty at FTS 475-9545 or have your 
staff contact Rick Brandes at FTS 475-9537. 

cc: Permits Branch Chiefs, Regions I - X 
Martha Prothro, OWRS 
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ENVIRONMENTAL PROTECTION 
AGENCY 

[FRL-3557-6] 

40 CFR Parta 122, 123 Md 130 

National Pollutant Dtacharge 
Elimination System; Surtac. Water 
Toxlcs Control Program 

AGENCY: Environmental Protection 
Agency. 
ACTION: Final Rule. 

SUMMARY: Today's action amends Parts 
122, 123, and 130 of EPA's regulations. 
The regulations clarify EPA's surface 
water toxics control program, and 
incorporate section 308{a) of the Water 
Quality Act of 1987 into EPA's toxics 
control program. Section 308(a) of the 
Water Quality Act added section 304(1) 
to the Clean Water Act (hereafter 
referred to as section 304(1)). Section 
304{1) requires the states to identify 
those waters that are adversely affected 
by toxic, conventional, and 
nonconventional pollutants, and 
requires the states to prepare individual 
control strategies that wiU control point 
source discharges of toxic pollutants. 
The states must submit lists of waters 
and individual control strategies to EPA 
for review, and if EPA disapproves a 
state's decision with respect to a list or 
an individual control strategy, then EPA 
must implement the requirements of 
section 304(1) in cooperation with the 
state. EPA and the states must 
accomplish the tasks in section 304(1) 
according to an ambitious series of 
deadlines. Today's regulations will 
strengthen State and Federal controls 
over discharges to toxic pollutants, and 
will assist EPA and the states in 
satisfying the requirements of section 
304(1) of the CW A. 
EFFEcnVE DATE: These regulations shall 
be effective on May 26, 1989 at 1:00 p.m. 
Eastern Daylight Savings Time. In 
accordance with 40 CFR 23.2, EPA 
hereby specifies that these regulations 
shall be considered final agency action 
for purposes of judicial review at 1:00 
p.m. Eastern Daylight Savings Time on 
May 26, 1989. 
FOR FURTHER INFORMATION CONTACT: 
Paul Connor, Program Development 
Branch, Office of Water Enforcement 
and Permits, (EN-336}, U.S. 
Environmental Protection Agency, 401 M 
Street, SW., Washington, DC 20460, 
(202} 475-9537, or Judith Leckrone, 
Assessment and Watershed Protection 
Division, Office of Water Regulations 

and Standards, (WH-553), U.S. 
Environmental Protection Agency, 401 M 
Street SW., Washington, DC 20460, (202) 
382-7056. The Public record for this 
regulation is available at the EPA 
library, M2904, U.S. Environmental 
Protection Agency, 401 M Street SW., 
Washington, DC 20460. 
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PART 122-EPA ADMINISTERED 
PERMIT PROGRAMS: THE NATIONAL 
POLLUTANT DISCHARGE 
EUMINATION SYSTEM 

1. The authority citation for Part 122 
continues to read u follows: 

Authority: The Clean Water Act. 33 U.S.C. 
1251 Btleq. 

2. Section 122.2 ia amended by adding 
in alphabeticaJ order a new definition as 
followa: 

f 122.2 DeflnitJofa 
* * • • • 

Whole effluent toxicity means the 
aggregate toxic effect of an effluent 
measured directly by a toxicity teat. 

3. Parasraph (d)(1) of 1122.44 is 
revised to read !il follows: 

1122.44 ~ lmltaaon., 
atMcl8rd8, Mil other pennlt COIIdltlol• 
(~to State NPOES progr.ma. ... 
1123.25). 
• * * • 

(d) * * • 
(1) Achieve water quality standards 

established under section 303 of the 
CWA. including State narrative criteria 
for water quality .• 

(I) IJmitationa must control aU 
poUutants or pollutant parameters 
(either conventional, nonconventional 
or toxic pollutants) which the Directo; 
determines are or may be discharged at 
a level which will cause, have the 

reasonable potential to cause, or 
contribute to an excursion above any 
State water quality standard. including 
State narrative criteria for water quality. 

(ii) When determining whether a 
discharge causes, has the reasonable 
potential to cause, or contributes to an 
in-stream excursion above a narrative or 
numeric criteria within a State water 
quality standard. the permitting 
authority shall use procedures which 
account for 8xistins controls on point 
and nonpoint sources of pollution. the 
variability of the pollutant or pollutant 
parameter in the effluent. the sensitivity 
of the species to toxicity testing (when 
evaluating whole effluent toxicity), and 
where appropriate, the dilution of the 
effluent in the receiving water. 

(iii) When the pennitting authority 
determines, using the procedures in 
paragraph (d)(1}(ii) of this section. that a 
discharge causes, has the reasonable 
potential to cause, or contributes to an 
in-stream excursion above the allowable 
ambient concentration of a State 
numeric criteria within a State water 
quality standard for an individual 
pollutant, the permit must contain 
effluent limits for that pollutant. 

(iv) When the pennitting authority 
determines; using the proeedures in 
paragraph (d)(1)(ii) of this section. that a 
discharge causes, baa the reasonable 
potential to cause, or contributes to an 
in-stream excursion above the numeric 
criterion for whole effluent toxicity, the 
permit must contain effluent limits for 
whole effluent toxicity. 

(v) Except as provided in this 
subparagraph. when the permitting 
authority determines, using the 
procedures in paragraph (d)(l}(ii) of this 
section. toxicity testing data, or other 
information. that a discharge causes, has 
the reasonable potential to cause, or 
contributes to an in-stream excursion 
above a narrative criterion within an 
applicable State water quality standard, 
the permit must contain effluent limits 
for whole emuent toxicity. Umita on 
whole effluent toxicity are not necessary 
where the permitting authority 
demonstrates in the fact sheet or 
statement of basis of the NPDES permit. 
using the procedures in paragraph 
{ d)(l)(il) of this section. that chemical
specific limits for the effluent are 
sufficient to attain and maintain 
applicable numeric and narrative State 
water quality standards. 

(vi) Where a State has not established 
a water quality criterion for a specific 
chemical pollutant that is present in an 
effluent at a concentration that causes. 
has the reasonable potential to cause, or 
contributes to an excursion above a 
narrative criterion within an applicable 
State water quality standard, the 
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permitting authority must establish 
effluent limits using one or more of the 
following options: 

(A) Establish effluent limits using a 
calculated numeric water quality 
criterion for the pollutant which the 
permitting authority demonstrates will 
attain and maintain applicable narrative 
water quality criteria and will fully 
protect the designated use. Such a 
criterion may be derived using a 
proposed State criterion, or an explicit 
State policy or regulation interpreting its 
narrative water quality criterion, 
supplemented with other relevant 
information which may include: EPA's 
Water Quality Standards Handbook. 
October 1983, risk assessment data, 
exposure data. information about the 
pollutant from the Food and Drug 
Administration, and current EPA criteria 
documents: or 

(B) Establish effluent limits on a case
by-case basis, using EPA's water quality 
criteria, published under section 307(a) 
of the CW A, supplemented where 
necessary by other relevant information; 
or 

(C) Establish effluent limitations on an 
indicator parameter for the pollutant of 
concern, provided: 

(1} The permit identifies which 
pollutants are intended to be controlled 
by the use of the effluent limitation; 

(2) The fact sheet required by §124.56 
sets forth the basis for the limit, 
including a finding that compliance with 
the effluent limit on the indicator 
parameter will result in controls on the 
pollutant of concern which are sufficient 
to attain and maintain applicable water 
quality standards; 

{3) The permit requires all effluent and 
ambient monitoring necessary to show 
that during the term of the permit the 
limit on the indicator parameter 
continues to attain and maintain 
applicable water quality standards; and 

(4) The permit contains a reopener 
clause allowing the permitting authority 
to modify or revoke and reissue the 
permit if the limits on the indicator 
parameter no longer attain and maintain 
applicable water quality standards. 

(vii) When developing water quality
based emuent limits under this 
paragraph the permitting authority shall 
ensure that: 

(A) The level of water quality to be 
achieved by limits on point sources 
established under this paragraph is 
derived from. and complies with all 
applicable water quality standards; and 

(B} Effluent limits developed to 
protect a narrative water quality 
criterion, a numeric water quality 
criterion. or both. are consistent with the 
assumptions and reqnirements of any 
available wasteload allocation for the 
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discharge prepared by the State and 
approved by EPA pursuant to 40 CFR 
130.7. 

* * * * 
4. The title of p~ph (eJ of§ 122.44 

is revised to read as follows: 
* • • • 

(e) Technology-based controls for 
toxic pollutants. • • • 

PART 123-STATE PROGRAM 
REQUIREMENTS 

1. The authority citation for Part 123 
continues to read as follows: 

Authodty: Clean Water Act, 33 U.S.C. 1251 
et seq. 

2.. Section 123.44 is amended by 
adding paragraph (c)(8) to read as 
follows: 

f 123.44 EPA review of and obfectlona to 
Stllte .,.,..,..._ 
• • • • • 

(c) • • • 
{8) The effluent limits of a permit fail 

to satisfy the requirements of 40 CFR 
122.44(d). 
• • • • • 

3. In f 123.46 parapph (a) is revised 
and paragraphs (c), (d). (e) and (f) are 
added, as follows: 

§ 123.46 lndiYJdlull cOntnlf strat ..... 
{a) Not later than February 4, 1989. 

each State shall submit to the Regional 
Administrator for review, approval. and 
implementation an individual control 
strategy for each point source identified 
by the State pursuant to section 
304(l)(l)(C) of the Act which will 
pro~uce a reduction in the discharge of 
toXJc pollutants from the point sources 
identified under section 304(l){1)(C) 
through the establishment of effluent 
limitations under section 402 of the 
CW A and water quality standards 
under section 303(c)(2)(B) of the CW A. 
which reduction is sufficient, in 
combination with existing controls on 
point and nonpoint sources of pollution, 
to achieve the applicable water quality 
standard as soon as possible, but not 
later than three years after the date of 
the establishment of such strategy. 
• • • • 

(c) For the purposes of this section the 
term individual control strategy, as set 
forth in section 304(1) of the CWA. 
means a final NPDES permit with 
supporting documentation showing that 
effluent limits are consistent with an 
approved wasteload allocation. or other 
documentation which shows that 
applicable water quality standards will 
be met not later than three years after 
the individual control strategy is 
established. Where a State is unable to 

issue a final permit on or before 
February 4, 1989, an individual oontrol 
strategy may be a draft permit with an 
attached schedule (provided the State 
meett the schedule for issums the final 
permit) indicating that the permit will be 
iasued on or before February 4, 1990. H a 
point source is subject to section 
304(1)(1)(C) of the CWA and is also 
subject to an on-site response action 
under sections 104 or 106 of the 
Comprehensive Environmental 
Response, Compensation. and Liability 
Act of1980(CERCLA), {4Z U.S.C. 9601 et 
seq.), an individual control strategy may 
be the decision document (which 
incorporates the applicable or relevant 
and appropriate requirements under the 
CW A) prepared under sections 104 or 
106 of CERCLA to address the release or 
threatened release of hazardous 
substances to the environment. 

(d) A petition submitted pursuant to 
section 304{1){3} of the CW A must be 
submitted to the appropriate Regional 
Administrator. Petitions must identify a 
waterbody In sufficient detail so that 
EPA is able to detennine the location 
and boundaries of the waterbody. The 
petition must also identify the list or 
lists for which the waterbody qualu~es, 
and the petition must explain why the 
waterbody satisfies the criteria for 
Uatins under CWA section 304{1) and 40 
CFR 130.10(d){6). 

(e) If the Regional Administrator 
disapproves one or more individual 
control strategies, or if a State fails to 
provide adequate public notice and an 
opportunity to comment on the ICSa. 
then. not later than June 4, 1989, the 
Regional Administrator shall give a 
notice of approval or disapproval of the 
individual control strategies submitted 
by each State pursuant to this section as 
follows: 

(1) The notice of approval or 
disapproval given under this paragraph 
shall include the followin8: 

(i) The name and address of the EPA 
office that reviews the State's 
submittals. 

(ii) A brief description of the section 
304(1) process. 

(iii) A list of ICSa disapproved under 
this section and a finding that the ICSa 
will not meet an applicable review 
criteria under this section and section 
304{1) of the CW A. 

{iv) If the Regional Administrator 
determines that a State did not provide 
adequate public notice and an 
opportunity to comment on the waters, 
point sources. or ·Ics. prepared pursuant 
to section 304{1), or if the Regional 
Administrator chooses to exercise hia or 
her discretion. a Uat of the ICSa 
approved under this section, and a 
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finding that the ICS. satisfy all 
applicable review criteria. 

(v) The location where interested 
persona may examine EPA's records of 
approval and disapproval. 

(vi) The name, address, and telephone 
number of the person at the Regional 
Office from whom interested persons 
may obtain more information. 

(vii) Notice that written petitions or 
comments are due within 120 days. 

(2) The Regional Administrator shall 
provide the notice of approval or 
disapproval given under this paragraph 
to the appropriate State Director. The 
Regional Administrator shall publish a 
notice of availability, in a daily or 
weekly newspaper with State-wide 
circulation or m the Federal Register, for 
the notice of approval or disapproval. 
The Regional Administrator shall also 
provide written notice to each 
discharger identified under section 
304(1)(1)(C), that EPA has listed the 
discharger under section 304(l)(1}(C). 

(3) As soon as practicable but not 
later than June 4, 1990, the Regional 
Offices shall issue a response to 
petitions or comments received under 
section 304(1). The response to 
comments shall be given in the same 
manner as the notice described in 
paragraph (e) of this section except for 
the following changes: 

(i) The lista of ICSa reflecting any 
changes made pursuant to comments or 
petitions received. 

(ii) A brief description of the 
subsequent steps in the section 304{1) 
process. 

(f] EPA shall review, and approve or 
disapprove, the individual control 
strategies prepared under section 304(1) 
of the CWA. using the applicable 
criteria set forth in section 304(1) of the 
CW A. and in 40 CFR Part 122, including 
§ 122.44{d). At any time after the 
Regional Administrator disapproves an 
ICS (or conditionally aproves a draft 
permit as an ICS), the Regional Office 
may submit a written notification to the 
State that the Regional Office intends to 
issue the ICS. Upon mailing the 
notification, and notwithstanding any 
other regulation, exclusive authority to 
Issue the permit passes to EPA. 

4. Section 123.63 is amended by 
adding paragraph {a)(5) to read as 
follows: 

f 123.13 Crhrttl tor withdraw., of stat• 
propwl& 

(a) ~ ~ ~ 

(5) Where the State fails to develop an 
adequate regulatory program for 
developing water quality-based effluent 
limits in NPDES permits. 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
WASHINGTON, D.C. 20<460 

January 25, 1989 

MEMORANDUM 

OFFICE OF 
WATER 

SUBJECT:~~ole Effluent Toxicity Basic Permitting Principles and 
t forcement Strategy 

' ~~-t:_L_OI_ rm.._'Y) VY'\,U'l.-

FROM: Rebecca W. aanmer, Acting Assistant Administrator 
Office of Water 

TO: Regional Administrators 

Since the issuance of the "Policy for the Development of 
Water Quality-based Permit Limitations for Toxic Pollutants" in 
March of 1984, the Agency has been moving forward to provide 
technical documentation to support the integrated approach of 
using both chemical and biological methods to ensure the 
protection of water quality. The Technical Su ort Document for 
Water Quality-based Taxies Control September, 1985 and the 
Permit Writer's Guide to Water Qualit -based Permittin for Toxic 
Pollutants July, 1987 have been instrumental ~n the ~n~t~al 
implementation of the Policy. The Policy and supporting 
documents, however, did not result in consistent approaches to 
permitting and enforcement of toxicity controls nationally. When 
the 1984 Policy was issued, the Agency did not have a great deal 
of experience in the use of whole effluent toxicity limitations 
and testing to ensure protection of water quality. We now have 
more than four years of experience and are ready to effectively 
use this experience in order to improve national consistency in 
permitting and enforcement. 

In order to increase consistency in water quality-based 
toxicity permitting, I am issuing the attached Basic Permitting 
Principles for Whole Effluent Toxicity (Attachment 1) as a 
standard with which water quality-based permits should conform. 
A workgroup of Regional and State permitting, enforcement, and 
legal representatives developed these minimum acceptable 
requirements for toxicity permitting based upon national 
experience. These principles are consistent with the taxies 
control approach addressed in the proposed Section 304(1) 
regulation. Regions should use these principles when reviewing 
draft State permits. If the final Section 304(1) regulations 
include changes in this area, we will update these principles as 
necessary. Expanded guidance on the use of these principles will 
be sent out shortly by James Elder, Director of the Office of 
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Water Enforcement and Permits. This expanded guidance will 
include sample permit language and permitting/enforcement 
scenarios. 

Concurrent with this issuance of the Basic Permitting 
Principles, I am issuing the Compliance Monitoring and 
Enforcement Strategy for Toxics Control (Attachment 2). This 
Strategy was developed by a workgroup of Regional and State 
enforcement representatives and has undergone an extensive 
comment period. The Strategy presents the Agency's position on 
the integration of toxicity control into the existing National 
Pollutant Discharge Elimination System (NPDES) compliance and 
enforcement program. It delineates the responsibilities of the 
permitted community and the regulatory authority. The Strategy 
describes our current efforts in compliance tracking and quality 
assurance of self-monitoring data from the permittees. It 
defines criteria for review and reporting of toxicity violations 
and describes the types of enforcement options available for the 
resolution of permit violations. 

In order to assist you in the management of whole effluent 
toxicity permitting, the items discussed above will join the 1984 
Policy as Appendices to the revised Technical Support Document 
for Water Quality-based Toxics Control. To summarize, these 
materials are the Basic Permitting Principles, sample permit 
language, the concepts illustrated through the permitting and 
enforcement scenarios, and the Enforcement Strategy. I hope 
these additions will provide the needed framework to integrate 
the control of toxicity into the overall NPDES permitting 
program. 

I encourage you and your staff to discuss these documents 
and the 1984 Policy with your States to further their efforts in 
the implementation of EPA's toxics control initiative. 

If you have any questions on the attached materials, please 
contact James Elder, Director of the Office of Water Enforcement 
and Permits, at (FTS/202) 475-8488. 

Attachments 

cc: ASWIPCA 
Water Management Division Directors 



BASIC PERMITTING PRINCIPLES FOR WHOLE EFFLUENT TOXICITY 

1. Permits must be protective of water quality. 

a. At a minimum, all major permits and minors of 
concern must be evaluated for potential or known 
toxicity (chronic or acute if more limiting). 

b. Final whole effluent toxicity limits must be 
included in permits where necessary to ensure 
that State Water Quality Standards are met. 
These limits must properly account for effluent 
variability, available dilution, and species 
sensitivity. 

2. Permits must be written to avoid ambiguity and ensure 
enforceability. 

a. Whole effluent toxicity limits must appear in Part I 
of the permit with other effluent limitations. 

b. Permits contain generic re-opener clauses which 
are sufficient to provide permitting authorities 
the means to re-open, modify, or reissue the 
permit where necessary. Re-opener clauses covering 
effluent toxicity will not be included in the 
Special conditions section of the permit where 
they imply that limit revision will occur based 
on permittee inability to meet the limit. Only 
schedules or other special requirements will be 
added to the permit. -

c. If the permit includes provisions to increase 
monitoring frequency subsequent to a violation, it 
must be clear that the additional tests only deter
mine the continued compliance status with the limit; 
they are not to verify the original test results. 

d. Toxicity testing species and protocols will be 
accurately referenced/cited in the permit. 

3. Where not in compliance with a whole effluent toxicity 
limit, permittees must be compelled to come into compliance 
with the limit as soon as possible. 

a. Compliance dates must be specified. 

b. Permits can contain requirements for corrective 
actions, such as Toxicity Reduction Evaluations 
(TREs), but corrective actions cannot be delayed 
pending EPA/State approval of a plan for the 
corrective actions, unless State regulations 
require prior approval. Automatic corrective 
actions subsequent to the effective date of a final 
whole-effluent toxicity limit will not be included 
in the permit. 
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ATTACHMENT l 

Explanation of the Basic Permitting Principles 

The Basic Permitting Principles present the minimum 
acceptable requirements for whole-effluent toxicity permitting. 
They begin with a statement of the goal of whole-effluent 
toxicity limitations and requirements: the protection of water 
quality as established through State numeric and narrative Water 
Quality Standards. The first principle builds on the Technical 
Support Document procedures and the draft Section 304(1} rule 
requirements for determining potential to violate Water Quality 
Standards. It requires the same factors be considered in setting 
whole-effluent toxicity based permits limits as are used to 
determine potential Water Quality Standards violations. It 
defines the universe of permittees that should be evaluated for 
potentJ.al violation of Water Quality Stana~..:ds, c... •• d the-.::!fore 
possible whole-effluent limits, as all majors and minors of 
concern. 

The second permitting principle provides basic guidelines 
for avoiding ambiguities that may surface in permits. Whole
effluent toxicity limits should be listed in Part I of the permit 
and should be derived and expressed in the same manner as any 
other water quality-based limitations (i.e., Maximum Daily and 
Average Monthly limits as required by Section l22.45(d)}. 

In addition, special re-opener clauses are generally not 
necessary, and may mistakenly imply that permits may be re-opened 
to revise whole-effluent limits that are violated. This is not 
to imply that special re-opener clauses are never appropriate. 
They may be appropriate in permits issued to facilities that 
currently have no known potential to violate a Water Quality 
Standard; in these cases, the permitting authority may wish to 
stress its authority to re-open the permit to add a whole
effluent limit in the event monitoring detects toxicity. 

Several permittees have mistakenly proposed to conduct 
additional monitoring subsequent to a violation to "verify" their 
results. It is not possible to verify results with a subsequent 
test whether a new sample or a split-sample which has been stored 
(and therefore contains fewer volatiles} is used. For this 
reason, any additional monitoring required in response to a 
violation must be clearly identified as establishing continuing 
compliance status, not verification of the original violation. 
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The second principle also deals with the specification of 
test species and protocol. Clearly setting out the requirements 
for toxicity testing and analysis is best done by accurately 
referencing EPA's most recent test methods and approved 
equivalent State methods. In this way, requirements which have 
been published can be required in full, and further advances in 
technology and science may be incorporated without lengthy permit 
revisions. 

The third and final permitting principle reinforces the 
responsibility of the permittee to seek timely compliance with 
the requirements of its NPDES permit. Once corrective actions 
have been identified in a TRE, permittees cannot be allowed to 
delay corrective actions necessary to comply with water quality
based whole effluent toxicity limitations pending Agency review 
and approval of voluminous reports or plans. Any delay on the 
part of the permittee or its contractors/agents is the 
responsibility of the permittee. 

The final principle was written in recognition of the fact 
that a full-blown TRE may not be necessary to return a permittee 
to compliance in all cases, particularly subsequent to an initial 
TRE. As a permittee gains experience and knowledge of the 
operational influences on toxicity, TREs will become less 
important in the day to day control of toxicity and will only be 
required when necessary on a case-specific basis. 
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ATTACHMENT 2 

Background to tb• Compliance Monitoring and Enforcement 
Strategy tor Toxics Control 

The Compliance Monitoring and Enforcement Strategy tor 
Taxies Control sets forth the Agency's strateqy for tracking 
compliance with and enforcing whole-effluent toxicity monitoring 
requirements, limitations, schedules and reporting requirements. 

The Strategy delineates the respective responsibilities of 
permittees and permitting authorities to protect water quality 
through the control of whole-effluent toxicity. It establishes 
criteria for the review of compliance data and the quarterly 
reporting of violations to Headquarters and the public. The 
Strateqy discusses the integration of whole-effluent toxicity 
control into our existing·inspection and quality assurance 
efforts. It provides quidelines on the enforcement of whole
effluent toxicity requirements. 

The Strategy also addresses the concern many permittees 
share as they face the prospect of new requirements in their 
permit - the fear of indiscriminate penalty assessment tor 
violations that they are unable to control. The Strateqy 
recognizes enforcement discretion as a means of dealing fairly 
with permittees that are doing everything feasible to protect 
water quality. As indicated in the Strateqy, this discretion 
deals solely with the assessment of civil penalties, however, and 
is not an alternative to existing procedures for establishing 
relief from State Water Quality Standards. The Strategy focuses 
on the responsibility of the Agency and authorized States to 
require compliance with Water Quality Standards and thereby 
ensure protection of existing water resources. 
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COMPLIANCE MONITORING AND ENFORCEMENT STRATEGY 
FOR TOXICS CONTROL 

I. Background 

Issuance of NPDES permits now emphasizes the control of toxic 
pollutants, by integrating technology and water quality-based 
permit limitations, best management practices for toxic discharges, 
sludge requirements, and revisions to the pretreatment implementa
tion requirements. These requirements affect all major permittees 
and those minor permittees whose discharges may contribute to 
impairment of the designated use for the receiving stream. The 
goal of permitting is to eliminate toxicity in receiving waters 
that results from industrial and municipal discharges. 

Major industrial and municipal permits will routinely contain 
water quality-based limits for toxic pollutants and in many cases 
whole effluent toxicity derived from numerical and narrative 
water quality standards. The quality standards to establish NPDBS 
permit limits are discussed in the "Policy for the Development of 
Water Quality-based Permit Limits for Toxic Pollutants," 49FR 9016, 
March 9, 1984. The Technical Su rt Document for Water Qualit -
based Toxics Control, EPA 0 44- , September, an t e 
Permit Writer's Guide to Water Qualit,-based Permitting for Toxic 
Pollutants, Office of Water, May, 198 , provide guidance for inter
pret1ng numerical and narrative standards and developing permit 
limits. 

The Water Quality Act (WQA) of 1987 (PL 100-4, February 4, 
1987) further directs EPA and the States to identify waters that 
require controls for toxic pollutants and develop individual 
control strategies including permit limits to achieve control of 
taxies. The WQA established deadlines, for individual control 
strategies (February 4, 1989) and for compliance with the toxic 
control permit requirements (February 4, 1992). This Strategy 
will support the additional compliance monitoring, tracking, evalu
ation, and enforcement of the whole effluent toxicity controls 
that will be needed to meet the requirements of the WQA and EPA's 
policy for water quality-based permitting. 

It is the goal of the Strategy to assure compliance with 
permit toxicity limits and conditions through compliance inspec
tions, compliance reviews, and enforcement. Water quality-based 
limits may include both chemical specific and whole effluent toxi
city limits. Previous enforcement guidance (e.g., Enforcement 
Management System for the National Pollutant Discharge Elimination 
System, September, 1986: National Guidance for Oversight of NPDES 
Programs, May, 1987: Guidance for Preparation of Quarterly and 
Semi-Annual Noncompliance Reports, March, 1986) has dealt with 
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chemical-specific water quality-based limits. This Strategy will 
focus on whole effluent toxicity limits. Such toxicity limits may 
appear in permits, administrative orders, or judicial orders. 

II. Strategy Principles 

This strategy is based on four principles: 

1) Permittees are responsible for attaining, monitoring, 
and maintaining permit compliance and for the quality 
of their data. 

2) Regulators will evaluate self-monitoring data quality 
to ensure program integrity. 

3) Regulators will assess compliance through inspections, 
audits, discharger data reviews, and other independent 
monitoring or review activities. 

4) Regulators will enforce effluent limits and coapliance 
schedules to eliminate toxicity. 

III. Primary Implementation Activities 

In order to implement this Strategy fully, the following 
activities are being initiated: 

A. Immediate development 

1. The NPDES Compliance Inspection Manual was 
revised ir. May 1988 to include procedures for 
performing chronic toxicity tests and evaluating 
toxicity reduction evaluations. An inspector 
training module was also developed in August 
1988 to support inspections for whole effluent 
toxicity. 

2. The Permit Compliance System (the national NPDES 
data base) was modified to allow inclusion 
of toxicity limitations and compliance schedules 
associated with toxicity reduction evaluations. 
The PCS Steering Committee will review standard 
data elements and determine if further modifi
cations are necessary. 

3. Compliance review factors (e.g., Technical 
Review Criteria and significant noncompliance 
definitions) are being proposed to evaluate 
violations and appropriate response. 

4. A Quality Assurance Fact Sheet has been developed 
(Attached) to review the quality of toxicity test 
results submitted by permittees. 
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S. The Enforcement Response Guide in the Enforcement 
Management System will be revised to cover the use 
of administrative penalties and other responses to 
violations of toxicity controls in permits. At 
least four types of permit conditions are being 
examined: (1) whole-effluent toxicity monitoring 
(sampling and analysis), (2) whole effluent 
toxicity-based permit limits, {3) schedules to 
conduct a TRE and achieve compliance with water 
quality-based limits, and (4) reporting requirments. 

B. Begin development in Spring 1989 

With the assistance of the Office of Enforcement and 
Compliance Monitoring {OECM), special remedies and model forms 
will be developed to address violations of toxicity permit 
limits (i.e., model consent decrees, model complaints, revised 
penalty policy, model litigation reports, etc.) 

IV. Scope and Implementation of Strategy 

A. Compliance Tracking and Review 

1. Compliance Tracking 

The Permits Compliance System (PCS) will be 
used as the primary system for tracking limits and 
monitoring compliance with the conditions in NPDES 
permits. Many new codes for toxicity testing have 
already been entered into PCS. During FY 89, head
quarters will provide additional guidance to Regions 
and States on PCS coding to update existing documenta
tion. The Water Enforcement Data Base (WENDB) 
requirements as described in the PCS Policy Statement 
already require States and Regions to begin 
incorporating toxicity limits and monitoring information 
into PCS. 

In addition to guidance on the use of PCS, 
Headquarters has prepared guidance in the form 
of Basic Permitting Principles for Regions and 
States that will provide greater uniformity 
nationally on approaches to toxicity permitting. 
One of the major problems in the tracking and 
enforcement of toxicity limits is that they differ 
greatly from State-to-State and Region-to-Region. 
The Permits Division and Enforcement Division in 
cooperation with the PCS Steering Committee will 
establish standard codes for permit limits and 
procedures for reporting toxicity results based on 
this guidance. 
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Whole effluent toxicity self-monitoring data 
should undergo an appropriate quality review. (See 
attached checklist for suggested toxicity review 
factors.) All violations of permit limits for 
taxies control should be reviewed by a professional 
qualified to assess the noncompliance. Regions and 
States should designate appropriate staff. 

2. Compliance Review 

Any violation of a whole effluent toxicity 
limit is of concern to the regulatory agency and 
should receive an immediate professional review. 
In terms of the Enforcement Management System (EMS), 
any whole effluent violation will have a violation 
review action criterion (VRAC) of 1.0. However, the 
appropriate initial enforcement response may be to 
require additional monitoring and then rapidly 
escalate the response to formal enforcement if the 
noncompliance persists. Where whole effluent 
toxicity is based on a pass-fail permit limitation, 
any failure should be immediately targeted for 
compliance inspection. In some instances, assessment 
of the compliance status will be required through 
issuance of Section 308 letters and 309(a) orders to 
require further toxicity testing. 

Monitoring data which is submitted to fulfill 
a toxicity monitoring requirement in permits that do 
not contain an independently enforceable whole-effluent 
toxicity limitation should also receive immediate 
professional review. 

The burden for testing and biomonitoring is on 
the permittee; however, in some instances, Regions and 
States may choose to respond to violations through 
sampling or performance audit inspections. When an 
inspection conducted in response to a violation identi
fies noncompliance, the Region or State should 
initiate a formal enforcement action with a compliance 
schedule, unless remedial action is already required 
in the permit. 

B. Inspections 

EPA/State compliance inspections of all major permittees 
on an annual basis will be maintained. For all facilities 
with water quality-based toxic limits, such inspections should 
include an appropriate toxic component (numerical and/or 
whole effluent review). OVerall the NPDES inspection and 
data quality activities for toxics control should receive 
greater emphasis than in the present inspection strategy. 
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1. Regional/State Capability 

The EPA's "Policy for the Development of Water 
Quality-based Permit Limits for Toxic Pollutants" 
(March 9, 1984 Federal Register) states that EPA 
Regional Administrators will assure that each 
Region has the full capability to conduct water 
quality assessments using both biological and chemi
cal methods and provide technical assistance to the 
States. Such capability should also be maintained 
for compliance biomonitoring inspections and toxics 
sampling inspections. This capability should include 
both inspection and laboratory capability. 

2. Use of Nonsampling Inspections 

Nonsampling inspections as either compliance 
evaluations (CEis) or performance audits (PAis) can 
be used to assess permittee self-monitoring data 
involving whole effluent toxicity limits, TREs, and 
for prioritization of sampling inspections.* As 
resources permit, PAis should be used to verify 
biomonitoring capabilities of permittees and 
contractors that provide toxicity testing self
monitoring data. 

3. Quality Assurance 

All States are encouraged to develop the 
capability for acute and chronic toxicity tests 
with at least one fish and one invertebrate species 
for freshwater and saltwater if appropriate. NPDES 
States should develop the full capability to assess 
compliance with the permit conditions they establish. 

EPA and NPDES States will assess permittee 
data quality and require that permittees develop 
quality assurance plans. Quality assurance plans 
must be available for examination. The plan should 
include methods and procedures for toxicity testing 
and chemical analysis; collection, culture, mainte
nance, and disease control procedures for test 
organisms; and quality assurance practices. The 

Due to resource considerations, it is expected that sampling 
inspections will be limited to Regional/State priorities in 
enforcement and permitting. Routine use of CEis and PAls should 
provide the required coverage. 
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permittee should also have available quality control 
charts, calibration records, raw test data, and 
culture records. 

In conjunction with the QA plans, EPA will 
evaluate permittee laboratory performance on EPA 
and/or State approved methods. This evaluation is 
an essential part of the laboratory audit process. 
EPA will rely on inspections and other quality 
assurance measures to maintain data quality. However, 
States may prefer to implement a laboratory certifi
cation program consistent with their regulatory 
authorities. Predetermined limits of data accepta
bility will need to be established for each test 
condition (acute/chronic), species-by-species. 

c. Toxicity Reduction Evaluations (TREs) 

TREs are systematic investigations required of permittees 
which combine whole effluent and/or chemical specific testing 
for toxicity identification and characterization in a planned 
sequence to expeditiously locate the source(s) of toxicity and 
evaluate the effectiveness of pollution control actions and/or 
inplant modifications toward attaining compliance with a permit 
limit. The requirement for a TRE is usually based on a 
finding of whole effluent toxicity as defined in the permit. 
A plan with an implementation schedule is then developed to 
achieve compliance. Investigative approaches include 
causative agent identification and toxicity treatability. 

1. Requiring TRE Plans 

TRE 1 s can be triggered: 1) whenever there is a 
violation of a toxicity limit that prompts enforcement 
action or 2) from a permit condition that calls for a 
toxicity elimination plan within a specified time 
whenever toxicity is found. The enforcement action 
such as a 309(a) administrative order or State 
equivalent, or judicial action then directs the 
permittee to take prescribed steps according to a 
compliance schedule to eliminate the toxicity. This 
schedule should be incorporated into the permit, an 
administrative order, or judicial order and compliance 
with the schedule should be tracked through PCS. 

2. Compliance Determination Followup 

Compliance status must be assessed following the 
accomplishment of a TRE plan using the most effi
cient and effective methods available. These methods 
include site visits, self-monitoring, and inspections. 
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Careful attention to quality assurance will assist in 
minimizing the regulatory burden. The method of 
compliance assessment should be determined on a 
case-by-case basis. 

D. Enforcing Toxic Control Permit Conditions 

Enforcement of toxic controls in permits depends upon a 
clear requirement and the process to resolve the noncompli
ance. In addition to directly enforceable whole effluent 
limits (acute and chronic, including absolute pass-fail 
limits), permits have contained several other types of 
toxic control conditions: 1) "free from" provisions, 
2) schedules to initiate corrective actions (such as TREs) 
when toxicity is present, and/or 3) schedules to achieve 
compliance where a limit is not currently attained. 
Additional requirements or schedules may be developed 
through 308 letters, but the specific milestones should be 
incorporated into the permit, administrative order or 
State equivalent mechanism, or judicial order to ensure 
they are enforceable. 

1. The Quarterly Noncompliance Report (ONCR) 

Violations of permit conditions are tracked and 
reported as follows: 

a. Effluent Violations 

Each exceedance of a directly enforceable whole 
effluent toxicity limit is of concern to the 
regulatory agency and, therefore, qualifies 
as meeting the VRAC requiring professional 
review (see section rv.A.2.). 

These violations must be reported on the QNCR 
if the violation is determined through profes
sional review to have the potential to have 
caused a water quality impact. 

All QNCR-reportable permit effluent violations 
are considered significant noncompliance (SNC). 

b. Schedule Violations 

Compliance schedules to meet new toxic controls 
should be expeditious. Milestones should be 
established to evaluate progress routinely and 
minimize delays. These milestones should be 
tracked and any slippage of 90 days or more 
must be reported on the QNCR. 
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The following milestones are considered SNC when 
90 days or more overdue: submit plan/schedule 
to conduct TRE, initiate TRE, submit test results, 
submit implementation plan/schedule (if appro
priate), start construction, end construction, 
and attain compliance with permit. 

c. Reporting/Other Violations 

Violation of other toxic control requirements 
(including reports) will be reported using 
criteria that are applied to comparable NPDES 
permit conditions. For example, failure to 
submit a report within 30 days after the due 
date or submittal of an inaccurate or inadequate 
report will be reportable noncompliance (on 
the QNCR). 

Only failure to submit toxicity limit self
monitoring reports or final TRE progress reports 
indicating compliance will be SNC when 30 days 
or more overdue. 

Resolution (bringing into compliance) of all three 
types of permit violations (effluent, schedule, 
and reporting/other) will be through timely and 
appropriate enforcement that is consistent with 
EPA Oversight Guidance. Administering agencies 
are expected to bring violators back into compliance 
or take formal enforcement action against facilities 
that appear on the QNCR and are in SNC~ otherwise, 
after two or more quarters the facility must be 
listed on the Exceptions List. 

2. Approaches to Enforcement of Effluent Limitations 

In the case of noncompliance with whole effluent 
toxicity limitations, any formal enforcement action 
will be tailored to the specific violation and remedial 
actions required. In some instances, a Toxicity 
Reduction Evaluation (TRE) may be appropriate. However, 
where directly enforceable toxicity-based limits are 
used, the TRE is not an acceptable enforcement response 
to toxicity noncompliance if it requires only additional 
monitoring without a requirement to determine appropriate 
remedial actions and ultimately compliance with the 
limit. 

If the Regions or States use administrative 
enforcement for violations of toxic requirements, 
such actions should require compliance by a date 
certain, according to a set schedule, and an 
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administrative penalty should be considered.! 
Failure to comply with an Administrative Order 
schedule within 90 days indicates a schedule delay 
that may affect the final compliance date and a 
judicial referral is the normal response. In instances 
where toxicity has been measured in areas with potential 
impacts on human health (e.g., public water supplies, 
fish/shellfish areas, etc.), regions and states 
should presume in favor of judicial action and seek 
immediate injunctive relief (such as temporary 
restraining order or preliminary injunction). 

In a few highly unusual cases where the permit
tee has implemented an exhaustive TRE plan2, applied 
appropriate influent and effluent controls3, maintained 
continued compliance with all other effluent limits, 
compliance schedules, monitoring, and other permit 
requirements, but is still unable to attain or maintain 
compliance with the toxicity-based limits, special 
technical evaluation may be warranted and civil penalty 
relief granted. Solutions in these cases could be 
pursued jointly with expertise from EPA and/or the 
States as well as the permittee. 

Some permittees may be required to perform a 
second TRE subsequent to implementation of remedial 
action. An example of the appropriate use of a 
subsequent TRE is for the correction of new violations 
of whole effluent limitations following a period of 

!Federal Administrative penalty orders must be linked to violations 
of underlying permit requirements and schedules. 

2see Methods for A uatic Toxicit Identification Evaluations, 
Phase I, Tox1c1ty Character1zat1on Procedures, EPA-600 3-88 035, 
Table 1. An exhaustive TRE plan covers three areas: causative 
agent identification/toxicity treatability: influent/effluent 
control~ and attainment of continued compliance. A listing of 
EPA protocols for TREs can be found in Section V (pages 11 and 
12). 

3For industrial permittees, the facility must be well-operated 
to achieve all water quality-based, chemical specific, or BAT 
limits, exhibit proper 0 & M and effective BMPs, and control 
toxics through appropriate chemical substitution and treatment. 
For POTW permittees, the facility must be well-operated to 
achieve all water quality-based, chemical specific, or secondary 
limits as appropriate, adequately implement its approved pretreat
ment program, develop local limits to control toxicity, and 
implement additional treatment. 
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sustained compliance (6 months or greater in duration) 
indicating a different problem from that addressed 
in the initial TRE. 

3. Enforcement of Compliance Schedule and Reporting 
Requirements 

In a number of instances, the primary 
requirements in the permits to address toxicity 
will be schedules for adoption and implementation 
of biomonitoring plans, or submission of reports 
verifying TREs or other similar reporting require
ments. Regions and States should consider any 
failure (1} to conduct self-monitoring according 
to EPA and State requirements, (2) to meet TRE 
schedules within 90 days, or (3) to submit reports 
within 30 days of the specified deadline as SNC. 
Such violations should receive equivalent enforce
ment follow-up as outlined above. 

4. Use of Administrative Orders With Penalties 

In addition to the formal enforcement actions 
to require remedial actions, Regions and States 
should presume that penalty AO's or State equiva
lents can be issued for underlying permit violations 
in which a formal enforcement action is appropriate. 
Headquarters will also provide Regions and States 
with guidance and examples as to how the current 
CWA penalty policy can be adjusted. 

s. Enforcement Models and Special Remedies 

OWEP and OECM will develop standard pleadings 
and language for remedial activities and compliance 
milestones to assist Regions and States in addres
sing violations of toxicity or water quality-based 
permit limits. Products will include model litiga
tion reports, model complaints and consent decrees, 
and revised penalty policy or penalty algorithm 
and should be completed in early FY 1989. 
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v. Summary of Principal Activities and Products 

A. Compliance Tracking and Review guidance 

1. PCS Coding Guidance - May, 1987; revision 
2nd Quarter 1989 

2. Review Criteria for Self-monitoring Data (draft 
attached) 

B. Inspections and Quality Assurance 

1. Revised NPDES Compliance Inspection Manual -
May 1988. 

2. Quality Assurance Guidance - 3rd Quarter FY 1989. 

3. Biomonitoring Inspection Training Module -
August 1988. 

4. Additions of a reference toxicant to DMRQA program -
(to be determined) 

c. Taxies Enforcement 

1. Administrative and Civil Penalty Guidance - 4th 
Quarter FY 1989 

2. Model Pleadings and Complaints - 2nd Quarter 1989 

3. EMS Revision - 2nd Quarter FY 1989 

o. Permitting Consistency 

1. Basic Permitting Principles - 2nd Quarter FY 1989 

E. Toxicity Reduction Evaluations 

1. Generalized Methology for Conducting Industrial 
Toxicity Reduction Evaluations - 2nd Quarter 
FY 1989 

2. Toxicity Reduction Evaluation Protocol for 
Municipal Wastewater Treatment Plants - 2nd Quarter 
FY 1989 
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3. Methods for Aquatic Toxicity Indentification 
Evaluations 

a. Phase I. 

b. Phase II. 

c. Phase III. 

Toxicity Identification 
Procedures, EPA-600/3-88/035-
2nd Quarter 1989 

Toxicit7 Confirmation Procedures
EPA-600 3-88(636 - 2nd Quarter 
FY 1989 

8-4-18 



APPENDIX B-5 

QUALITY CONTROL FACT SHEETS 



Attachment 

Quality Control Fact Sheet for Self-Biomonitoring 
Acute/Chronic Toxicity Test Data 

Permit No .. ______________________________________________________________ ___ 

Facility Name ---------------------------------------------------------

Facility Location -------------------------------------------

Laboratory Investigator -------------------------------------------

Permit Requirements 

Sampling Location-----------------

Limit -------------------------

Type of Test-----------------

Test Results 

LCso/ECso/NOEC/IC25 --------

Quality Control Summary 

Date of Sample------------

Type of Sample--------------------

Test Duration --------------------

Test Organism Age------------------

95 Percent Confidence Interval _____ _ 

Dates of Test --------------------

Control Mortality __________________ % Control Mean Dry Weight _______ _ 

Temperature maintained within ±2°C of test temperature? Yes No ____ _ 

Dissolved oxygen levels always greater than 40 percent saturation? Yes No ____ _ 

Loading factor for all exposure chambers less than or equal to maximum allowed for the test type 
and temperature? Yes No _____ _ 

Do the test results indicate a direct relationship between effluent concentration and response of 
the test organism (i.e., more deaths occur at the highest effluent concentrations)? Yes ______ _ 
No __ _ 
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CASE DECISIONS ON WHOLE EFFLUENT TOXICITY 



CASE SUMMARY 

Natural Resources Defense Council. Inc. y. EPA, 859 F.2d 156 (D.C. Clr. 1988). 

This consolidated case, which arose from EPA's promulgation of various National Pollutant Discharge 
Elimination System regulations, addresses a multitude of issues. The following paragraphs note issues 
particularly relevant to this document. 

• The Court held that EPA has the authority to express permit limitations in terms of toxicity as long as 
the limits reflect the appropriate requirements of the Clean Water Act (CWA), as provided in 40 CFR 
125.3(c)(4). The Court concluded that although toxicity appears to be an attribute of pollutants 
rather than a pollutant itself, the CWA (by means of the broad definition of "pollutant" in section 
502{6)) authorizes the use of toxicity to regulate effluents. 

• Industry asked the Court to address several other issues related to setting toxicity limitations (whether 
EPA failed to demonstrate the existence of a reliable methodology for setting toxicity limits and 
whether EPA's use of toxicity to set water quality-based limitations to meet "narrative" State water 
quality standards represents an impermissible trespass on the State's right to set water quality 
standards). However, the Court did not regard these issues to be adequately developed ("ripe") for 
review in this case. 

• The Court disagreed with industry's assertions that EPA's 1984 policy statement ("Development of 
Water Quality-Based Permit limitations for Toxic Pollutants: National Policy," 49 Federal Register 
9016 [March 9, 1984]) and draft Technical Support Document ("TSD") were "rules" requiring notice and 
comment under the Administrative Procedure Act, 5 USC 553. The Court noted that informal 
rulemaking regarding 40 CFR 125.3(c)(4), which was pending between 1980 and 1984, did not limit 
Agency information gathering to the issuance of new or revised notices of proposed rulemaking, and 
the two documents did not have independent legal value. (In other words, the EPA national policy 
and the TSD were not binding norms but general statements of policy/guidance.) 

• Industry also challenged EPA's refusal to provide an affirmative upset defense to noncompliance with 
water quality-based limits. The Court indicated that the CWA does not expressly allow such an upset 
defense, and, upon considering the Act's structure and legislative history, it could discern no 
congressional intent to provide for the defense in water quality permitting. Significantly, in 
reaching this position, the Court relied heavily upon the language and legislative history of CWA 
Section 301 (b)(1 )(C), by which Congress clearly did not relate compliance with water quality-based 
limitations to the capabilities of technology. In the Court's view, "Congress had a deep respect for 
the sanctity of water quality standards and a firm conviction of the need for technology-forcing 
measures." 895 F.2d at 208-09. However, the Court concluded that EPA had acted arbitrarily in 
dismissing the defense as impracticable, and directed EPA to conduct further proceedings on the issue. 

• Finally, the Court rejected challenges to EPA's regulations governing State public participation 
requirements and penalty levels. In deciding these issues, the Court noted Congressional desire for 
nationally uniform effluent limitations as reflected in the legislative history of the 1972 CWA. The 
Court stated: 

Uniformity is indeed a recurrent theme in the Act, a direct manifestation of concern that the permit 
program be standardized to avoid the "industrial equivalent of forum shopping" and the creation of 
"pollution havens" by migration of dischargers to areas having lower pollution standards (859 F.2d at 
174 [footnotes omitted] and see accompanying footnotes 17-20 citing various provisions of the 
legislative history of the 1972 CWA). 
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APPENDIX C 

AMBIENT TOXICITY TESTING AND DATA ANALYSIS 



Ambient Toxicity Analysis 

Ambient toxicity testing procedures are useful where measurement of toxicity levels after discharge is important 
in the assessment of toxic effluent impact. This is particularly true where impact is caused by the presence of 
multiple point sources. The purpose of this testing is to provide an analysis of toxicity levels instream from 
whatever sources of toxicity are affecting the receiving water. 

Procedures 

The basic ambient toxicity testing procedure is to expose test organisms to receiving water samples taken from 
selected sampling stations above, at, and below the discharge point(s). Since effluent concentrations after 
discharge are often relatively low, chronic toxicity tests should be conducted so that the tests are sensitive 
enough for the purpose. 

The methods available for chronic testing of sufficiently short duration are limited. Two organisms for which 
short-term chronic toxicity tests are available are Pimephales promelas and Ceriodaphnia sp. 

The following procedures are used: 

• Select instream sampling stations based on the mixing characteristics involved in the specific 
discharge situation. 

• Collect a daily grab sample or a daily composite sample of receiving water from each station. 

• Use a renewal testing method to expose test organisms to the daily samples collected at each station. 
Use an appropriate number of replicates (1 0 for Ceriodaphnia) for each sampling station. No dilution 
series is required where screening is the primary goal. 

• Conduct testing at a low-flow period, although it is not necessary to conduct the tests at the critical 
low-flow period. Testing is best when relatively stable flow occurs during the test period. 

• Record the results of the testing in the format shown in Table C-1. The survival of the test organisms 
and the effect on their growth or reproduction are used as endpoints. Figure C-1 plots the results in 
graphic form so that the pattern of ambient toxicity can be observed. 
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Station 

1 

2 

3 
3A 

38 

4 

4A 

5 
6 

7 

8 
8A 

9 

Table C-1. Young Production and Percent Survival of Ceriodaphnia in Ambient 

Station Description 

Above Lima 

Above STP 

Below STP 

Midway between 
STP and refinery 

Above refinery 

Above chemical plant 

Below chemical plant 
Shawnee Bridge 

Route 117 

Allentown 

Rimer 

"Boonie" Station 
Kalida 

25 

il 
E 5 
::::l z 

Toxicity Tests at Ottawa River, Lima, Ohio 

River Young Final Dail)! Survival 
Mile Female SD Survival 2 3 4 5 6 

46.0 15.5 8.0 90 100 100 100 90 90 90 
37.7 14.1 2.1 0 100 100 100 100 90 10 

37.4 0 0 100 100 10 0 0 0 

37.3 0 0 100 100 10 0 0 0 
37.1 0.4 0 90 90 40 0 0 0 
36.9 7.5 3.6 10 100 100 100 100 100 50 

36.3 11.1 4.6 30 100 100 100 100 100 40 

36.4 5.7 4.0 0 90 90 90 90 90 60 
32.5 12.6 3.8 10 100 100 100 100 100 100 

28.8 16.8 6.1 100 100 100 100 100 100 100 

16.0 17.4 9.5 100 90 90 90 90 90 80 

8.0 25.0 3.3 100 100 100 100 100 100 100 

1.0 25.6 5.5 100 100 100 100 100 100 100 

80 65 45 32 16 0 
River Kilometers 

Figure C-1. Ceriodaphnia Young Production in Water from Various Stream 
Stations on the Ottawa River, Lima, Ohio 
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Selecting Sampling Stations 

The selection of sampling stations is determined by the characteristics of the site. When determining stations, 
consider the following factors: 

• Mixing and flow-The m1x1ng characteristics of the discharge site are useful to determine the 
placement of sampling stations. Knowledge of concentration isopleths allows the regulatory 
authority to place stations at locations instream that correspond to concentrations measured in the 
dilution series in the effluent tests. For example, where effluent testing shows the effluent no 
observed effect concentration is 1 0 percent, an instream station should be placed where dilution is 
estimated to create a 1 0-percent instream waste concentration. In this way, the size of a toxic plume 
can be measured. Sampling stations should be placed where the effluents exist at relatively constant 
and relatively specific concentrations. Test at specific low-flow conditions, if possible. Presence of 
tributaries or other sources of dilution will influence positions and numbers of stations. Where 
smaller tributaries have several point sources on them, treat the tributary as a point source. Obvious 
nonpoint source areas also should be used to set stations. 

• Existing biological data-Where biosurvey data are available, sampling station location should be 
influenced by the more obvious trends in impact. In particular, control stations and recovery stations 
can be determined by biosurvey data. 

• Single point sources-Single point source situations should be bracketed with an above station, an 
immediate mixing station, several intermediate stations corresponding to different instream 
concentrations, and a recovery station. Of course, a control station should be established. 

• Presence of other point sources-Multiple point source situations require the placement of more 
stations between discharge points. Each source should be bracketed by sampling stations. 

There are four areas or zones that can be recognized when establishing the sampling stations for ambient 
toxicity testing: 

Zone 1 -An upstream zone before the effluent enters 

Zone 2-A zone of mixing 

Zone 3-A zone after mixing and before additional dilution water enters 

Zone 4-A zone where additional dilution occurs either from effluents or tributaries. 

All possible combinations of occurrences are not practical to discuss but must be sorted out for each site. Some 
generalizations are important to mention: 

• Any upstream sources of contaminants, such as other discharges, will confound the individual effects 
of a downstream discharge. For example, Zone 3 of the downstream discharge may occur in Zone 4 of 
an upstream discharge. This does not invalidate the measurement of ambient toxicity. It only makes 
it difficult to attribute amounts of response to each individual discharge. Response to the instream 
mixture is what is measured. 

• Careful location of sampling stations in Zone 3 is critical. Zone 3 is the only place where toxicity 
decay rates of any one discharger can be measured and then only if there are no upstream discharges, or 
if there are, only if that upstream effluent is stable in that reach. 

• In Zone 4, not only is degradation of the effluent toxicity occurring, but there is dilution of it by 
other effluents and tributaries. Depending on the site circumstances, one may not be able to learn 
anything about the ambient toxicity characteristics of the effluent of concern in this zone. 

• To emphasize, what can be measured in each zone depends on the above considerations. In the more 
complex situation, only an estimate of ambient toxicity at each station can be obtained. No 
information about one effluent's toxicity decay rate will be available where several toxic effluents 
mix. In the most simple situation of one discharge and no dilution downstream for a long distance, 
Zone 3 will be large enough to get a good measure of toxicity decay. 
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Analysis of Alnblent Toxicity Measurement 

• When used in screening, the ambient toxicity data can identify areas in rece1vmg waters where 
ambient toxicity exists instream. Attributing such impact to specific point sources (particularly where 
several sources discharge) may require effluent toxicity testing. 

• Except when used for screening purposes, ambient toxicity measurements must be interpreted with 
effluent toxicity test data if conclusions are to be drawn concerning changes in toxic effect after 
discharge. The same species must be used in both the ambient and the effluent toxicity tests. 

• When analyzing the data, the performance of the animals at each station downstream is compared to 
that of-·tbe animals exposed to receiving water without the effluent of concern in it but containing 
all other upstream additions. The result is an integration of effects from all contaminants and 
components and represents not only the toxicity of the effluent of concern but also the interactions 
of it with other effluents. 

• Where the downstream stations show toxic effect at the concentrations measured as toxic in the 
effluent toxicity tests, effluent toxicity can be considered to be occurring instream, after discharge. 

• Where the toxic effect decreases from station to station downstream in the absence of further dilution, 
the effluent toxicity is degrading. If the decay rate is rapid (e.g., no toxicity at the closest instream 
station to the discharge point), the effluent has a nonpersistent toxicity. Where the decay rate is 
more gradual, toxicity is more persistent. The rate of decay of toxicity together with mixing data 
allows the regulatory authority to approximate a receiving water toxicity impact area. That impact 
area can then be compared to the appropriate State water quality standards when establishing control 
requirements. 

• In some cases, ambient toxicity may increase in relation to effluent toxicity measurements. Either 
upstream sources of toxicity exist or some factor in the receiving water is reacting with the effluent to 
increase its toxicity. Again, the pattern and magnitude of change in toxicity should be analyzed. 
Differences in toxicity levels between stations will reveal what is happening to the effluent as it is 
mixed instream and interacts with the constituents of the receiving water. 

• Trend analysis in the raw test data is important when interpreting ambient toxicity data. As used in 
this context, trend analysis means observing toxic effect as it occurs in the test itself and relating it 
to what is occurring instream (plug flow, intermittent discharge, peak toxicity of effluents). Using 
time-of-travel data or receiving water flow rates and patterns, observe effects on the test organisms 
from day to day. There may be a pattern of mortality that can be linked to discharge events. For 
example, in the table the data indicate late mortality at downstream stations on Days 6 and 7. Flow 
rates for the river in this example correlated this mortality to the downstream movement of a toxic 
slug illegally discharged upstream. 
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DURATION AND FREQUENCY 

As discussed on pages 7 through 13 of the Guidelines for Deriving Numerical National Water Quality Criteria for 
the Protection of Aquatic Organisms and Their Uses [1], the format used to express water quality criteria for aquatic 
life should take into account toxicological and practical realities. Because of variation in the flows of the 
effluent and the upstream receiving water as well as variation in the concentrations of pollutants in the 
effluent and in the upstream receiving water, a simple format, such as specifying a concentration that must not 
be exceeded at any time or place, is not realistic. Furthermore, such a simpl4! format does not take into account 
the fact that aquatic organisms can tolerate higher concentrations of pollutants for short periods of time than 
they can tolerate throughout a complete life cycle. The format that was selected for expressing water quality 
criteria for aquatic life consists of recommendations concerning concentrations, durations of averaging periods, 
and average frequencies of allowed excursions. Use of this concentration-duration-frequency format allows 
water quality criteria for aquatic life to be adequately protective without being as overprotective as would be 
necessary if criteria were expressed using a simpler format. In addition, this format can be applied directly to 
hydrological data and to the flow of, and concentrations of pollutants in, effluents using both dynamic and 
steady-state modeling [2, 3]. 

In aquatic life criteria for both individual chemicals and Whole Effluents, the recommended concentrations are 
the criterion maximum concentration (CMC) and the criterion continuous concentration (CCC). For individual 
chemicals the CMC and CCC are derived using the procedures described by Stephan et al. [1 ]. As described in 
Chapter 3 of this TSD, the CMC and CCC for Whole Effluents can be specified generically in terms of toxic 
units. Alternatively, for a particular effluent the CMC is specified in terms of an acute toxicity endpoint (ATE), 
which is either an LC50 or an EC5Q, and the CCC is specified in terms of a chronic toxicity endpoint (CTE), 
which is either a no observed effect concentration (NOEC) or an ICxx, if the LC5Q, EC5Q, NOEC, and ICxx. 
were obtained from appropriate toxicity tests conducted on the effluent with sensitive species. 

The CCC is intended to be the highest concentration that could be maintained indefinitely in a rece1vmg 
water without causing an unacceptable effect on the aquatic community or its uses. Any concentration above 
the CCC, if maintained indefinitely, is expected to cause an unacceptable effect. Due to the four sources of 
variation mentioned above, the concentration in the receiving water will not be constant. Because organisms 
can tolerate higher concentrations for short periods of time, it is expected that the concentration of a pollutant 
in a body of water can exceed the CCC without causing an unacceptable effect if (a) the magnitudes and the 
durations of exceedances are appropriately limited and (b) there are compensating periods of time during 
which the concentration is below the CCC. These goals are accomplished by specifying a duration of an 
averaging period over which the average concentration should not exceed the CCC. For example, if the 
concentration is twice the CCC for one-half the specified averaging period, it must be zero for the rest of the 
averaging period if the average concentration is not to exceed the CCC. Thus, both the magnitude and 
duration of an exceedance are limited and there must be a compensating period of time during the averaging 
period when the concentration is below the CCC. Because exceedences are defined to be due to usual variation, 
most exceedences will be small, with larger exceedances becoming increasingly rare [1, 2]. 

Although an exceedance is defined to occur whenever the instantaneous concentration is above the CCC, an 
excursion is defined to occur only when the average concentration over the duration of the averaging period is 
above the CCC. It is expected that excursions can occur without causing unacceptable effects if (a) the 
frequency of such excursions is appropriately limited and (b) all other average concentrations are below the 
CCC. The recommended average frequency of allowed excursions is intended to appropriately limit the 
frequency of excursions. Because excursions are the highest average concentrations that occurred due to usual 
variation, all other average concentrations will be less than the CCC. As for exceedances, excursions that are 
defined to be due to usual variation will be small, with larger excursions becoming increasingly rare. The 
duration of the averaging period is intended to limit the impact of exceedances, whereas the average frequency 
of allowed excursions is intended to limit the impact of excursions. (Note: The words "exceedance" and 
"excursion" are used slightly differently here than in References 1 and 2.) 

Although spills can impact aquatic communities, they are not considered exceedances or excursions because 
they are not part of the usual variation in the concentrations of pollutants in receiving water. In the Complex 
Effluent Toxicity Testing Program, eight field studies were conducted to evaluate the use of toxicity tests to 
diagnose the cause of biological impact. Ambient toxicity measurements were taken over a 7-day period. 
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During two of these studies [4, 5] spills of pollutants resulted in acute toxicity. This suggests that the impacts 
caused by spills might be as important as impacts caused by variation in the compositions and flows of the 
effluent and the receiving water. 

The primary purpose of this appendix is to present the rationale for the recommendations of the U.S. EPA 
concerning duration and frequency in national water quality criteria for aquatic life. The recommended 
duration is based on data from laboratory toxicity tests, whereas the recommended frequency is based on field 
data. With the concurrence of the U.S. EPA, States may adopt site-specific criteria, rather than national criteria, 
in their State standards. Such site-specific criteria may include not only site-specific concentrations, but also 
site-specific, and possibly pollutant-specific, durations of averaging periods and average frequencies of 
allowed excursions. If adequate justification is provided, site-specific and/or pollutant-specific 
concentrations, durations, and frequencies may be higher or lower than those given in national water quality 
criteria for aquatic life. A secondary purpose of this appendix is to discuss rationales that might be used as a 
basis for selecting alternative durations of averaging periods and average frequencies of allowed excursions. 

Duration 

In order for this concentration-duration-frequency format to allow water quality criteria for aquatic life to be 
adequately protective without being unnecessarily overprotective, the duration of the averaging period must 
allow some exceedances above the CCC without allowing unacceptclble effects. Thus, the averaging period 
must appropriately limit the magnitude and duration of exceedances and provide compensating periods of time 
during which the concentration is below the CCC. 

Even though only a few tests have compared the effects of a constant concentration with the effects of the 
same average concentration resulting from a fluctuating concentration, nearly all the available comparisons 
have shown that substantial fluctuations result in increased adverse effects [6-16]. Thus, the duration of the 
averaging period must be shorter than the duration of the chronic tests on which the CCC is based so that the 
averaging period does not allow substantially more adverse effect than would have been caused by a continuous 
exposure to the same average concentration. Life-cycle tests with species such as mysids and daphnids and early 
life-stage tests with warmwater fishes usually last for 20 to 30 days, whereas life-cycle tests with Ceriodaphnids 
usually last for 7 days. If the duration of the averaging period is too short, however, it will not allow any 
meaningful exceedances and will, in effect, defeat the purpose of the concept of the averaging period. For 
example, because few effluents are monitored more often than once a day, an averaging period of 24 hours 
would effectively mean that for most effluents each individual sample that was above the CCC would be 
considered an excursion. 

For the following reasons, a 4-day averaging period is recommended for application of the CCC in aquatic-life 
criteria for both individual pollutants and Whole Effluents: 

• It is substantially shorter than the 20- to 30-day duration of most chronic tests and is somewhat 
shorter than the 7-day duration of the Ceriodaphnia life-cycle test. 

• The results of some chronic tests apparently are due to an acute effect on a sensitive life stage that 
occurs at some time during the test, rather than being caused by either long-term stress or long-term 
accumulation of the test material in the organisms. Horning and Neiheisel [17] documented one such 
situation, and others are probably the cause of at least some of the acute-chronic ratios that are not 
much greater than unity. 

• For both endrin and fenvalerate, Jarvinen et al. [18] found that a 72-hour exposure caused about the 
same amount of effect on the growth of fathead minnows in early life-stage tests as did a 30-day 
exposure to the same concentration. 

• In some life-cycle tests on effluents with Ceriodaphnids, concentrations of effluents that were a 
factor of 1.8 greater than the CCC caused unacceptable effects in 4 or 5 days [5, 19, 20]. 

• It is not so short as to effectively defeat the purpose of the concept of the averaging period. 

As discussed below, other averaging periods might be acceptable on a site-specific or pollutant-specific basis. 

[).2 



Just as the concept of exceedances can be applied to the CCC, it also can be applied to the CMC. As with the 
CCC, the CMC averaging period should be substantially less than the lengths of the tests on which the CMC is 
based, i.e., substantially less than 48 to 96 hours. Because 4- to 8-hour LCsos are about the same as the 96-hour 
LC50 for some materials [21 -27], the duration of the averaging period for the CMC should be less than 4 hours. 
One hour is probably an appropriate duration of the averaging period for the CMC because concentrations of 
some materials that are only a factor of two higher than the 96-hour LCSO cause death in one to three hours 
[25). Even when organisms do not die within the first hour or so, it is not known how many organisms might 
have died due to the delayed effects of the short exposure [28-3 1 ]. If the 1 -hour average does not exceed the 
CMC, it is unlikely that the concentration of the pollutant in the receiving water can fluctuate rapidly enough 
during the hour to cause additional adverse effect. Thus, it seems inappropriate to apply the CMC to 
instantaneous concentrations. 

With adequate justification, the CMC and/or CCC averaging periods may be increased or decreased on a site
specific or pollutant-specific basis. A possible site-specific justification for increasing the duration of the 
CCC averaging period would be that the variation in the concentration of the pollutant in the receiving water 
is low. Where variation is demonstrated to be consistently low, a longer CMC averaging would be acceptable 
because the magnitudes and durations of exceedances above the CCC would be limited. A possible pollutant
specific justification for a longer averaging period would be that the LCSO decreases substantially as the 
length of the exposure increases. For example, an 8-hour averaging period might be justified for the CMC if it 
were shown that 24-hour exposures of a variety of sensitive species resulted in 96-hour LCsos that were 
substantially above the 96-hour LCsos obtained from continuous exposure to a constant concentration for 96 
hours. 

In some situations the duration of the averaging period does not have to be stated explicitly because one can 
be implicitly defined using an uptake rate and a depuration rate. For example, if it is known that a specific 
concentration of a pollutant in the whole body or in a particular tissue of an important aquatic species will 
result in an unacceptable effect on the survival, growth, and/or reproduction of that species, and if applicable 
that species or tissue, the only additional information needed to allow calculation of an excessively high 
estimate of the total maximum daily load from the record of daily flows is the allowed frequency of 
exceedances of the concentration in the aquatic species. Thus, this approach can be used whenever the 
following are available: 

• A record of daily flows of the body of water, preferably for more than 1 0 years 

• A maximum acceptable concentration in the whole body or in a particular tissue of an aquatic species 

• Uptake and depuration rates that are applicable to that pollutant in the whole body or tissue of that 
species 

• An allowed frequency of exceedances of the maximum acceptable concentration. 

This approach is likely to be especially useful when an exposure causes delayed effects that are considered 
unacceptable. For example, it might be found in a test that no fish die during a 2-day exposure of rainbow trout 
to a pollutant but 50 percent of the fish die within 4 weeks of being transferred to clean water, whereas no 
comparable control fish die. If values are available for the concentration of the pollutant in the fish at the 
end of the 2-day exposure and for the uptake and depuration rates, these data could be used with a flow record 
for a river to determine how often a specified constant daily input of the pollutant to the river would have 
resulted in exceedances of this concentration and therefore the death of rainbow trout. 

Regardless of what averaging periods are used, exact calculation of the number of excursions would require 
continuous monitoring of the concentration in the receiving water, which is not feasible in most cases. A 
valid alternative would be to use a statistically designed monitoring program and a statistical interpretation of 
the measured concentrations. The 1-hour averaging period for the CMC would imply that the samples analyzed 
should be 1-hour composites; the 4-day averaging period would imply that concentrations in all samples 
obtained within any 4-day period should be averaged, preferably using a time-weighted average. If information 
is available concerning the discharge pattern of a particular effluent, it might be possible to design a 
monitoring program that is specifically appropriate for that effluent. 
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Unless critical species are especially sensitive to particular toxicants, most excursions of criteria should have 
minor impacts on aquatic communities. However, whereas excursions above the CCC will probably reduce 
growth and reproduction, excursions above the CMC will probably cause death and other severe acute effects. 
In addition, special care should be exercised when many outfalls exist in a small segment of a receiving water, 
because if low flow causes an excursion for one discharge, that same low flow will probably also cause 
excursions for other discharges at the same time. Several "minor" excursions might thus add up to a "major" one. 

Frequency 

The purpose of the average frequency of allowed excursions is to provide an appropriate average period of time 
during which the aquatic community can recover from the effect of an excursion and then function normally for 
a period of time before the next excursion. The average frequency is intended to ensure that the community is 
not constantly recovering from effects caused by excursions of aquatic-life criteria. Because most regulated 
discharges are to flowing water (lotic) systems, this discussion will emphasize discharges to rivers and streams 
rather than to lakes, ponds, reservoirs, and estuaries. 

Sentmll Cons/IIB,.IIons for Slitting FfBfUBncy with Which ExcursiDDS of Crlt~rla May Occur 
Not long ago ecological communities were thought to be largely in equilibrium and their structure and function 
determined primarily by internal interactions between species, such as competition and predation. 
Communities were considered to be analogous to "super-organisms," with close parallels to organisms in their 
response to stress and in "health." Current understanding is that external factors, including disturbances, often 
play a major role in the structure of communities [32, B]. The frequency of disturbance affects a community not 
only by decreasing the fitness of component species, but also by causing a natural selection of species or 
phenotypes having characteristics that allow them to tolerate or even thrive under the disturbance regime. 
Natural disturbances such as floods and droughts are common in lotic systems (32) and vary in intensity not only 
between headwater streams and large rivers, but also between similar sized lotic communities in different 
climatic regions. Rather than requiring more time to recover from the effects of additional anthropogenic 
disturbances, lotic communities with high natural background disturbance frequencies are actually predisposed 
to recover more rapidly because only species that are able to recolonize and reproduce quickly, or perhaps to 
avoid disturbances, can persist there [34-37]. This does not imply that they also are more resistant to novel 
anthropogenic disturbances with which they have had no previous evolutionary experience; it only implies that 
they are predisposed to recover quickly once the disturbance is gone. The question then is how frequently can 
aquatic communities experience these additional disturbances (excursions of criteria) without being 
unacceptably affected. 

In an extensive review of the published literature, Niemi et al. [38] reviewed the published literature and 
identified more than 150 case studies of freshwater systems in which some aspect of recovery from the impact of 
a disturbance was reported. A case study was used only if the disturbance caused a death or displacement of 
organisms. This restriction was necessary because it was rarely possible to determine if an event was outside the 
normal intensity range (a common alternate definition of disturbance), mainly because it is usually difficult to 
define the normal intensity range. It also permitted the inclusion of natural as well as anthropogenic events. 
Approximately 80 percent of these systems were lotic, and the remainder were lentic (lakes and ponds). The 
impacts were due to such disturbances as persistent and nonpersistent chemicals, logging, flooding, 
channelization, dredging, and drought. Reported endpoints for recovery were sparse for phytoplankton, 
periphyton, and macrophytes, but were numerous for macroinvertebrates and fishes. Because more than one 
recovery endpoint was reported for most studies, the number of endpoints greatly exceeded the number of case 
studies. For short-term (nonpersistent) disturbances, approximately 85 percent of all macroinvertebrate 
endpoints indicated recovery in less than 2 years. Macroinvertebrate biomass, density, and taxonomic richness 
recovered in less than 1 year for approximately 95 percent of reported endpoints. Dipterans (flies, mosquitos, 
midges, etc.), which generally have short generation times or high dispersal ability, recovered most rapidly, 
whereas stoneflies and caddisflies recovered least rapidly. Fishes recovered in 2 years or less for over 85 percent 
of reported endpoints. However, as discussed below, important exceptions did occur. 

Most excursions of criteria will be minor and their impacts will therefore be difficult to detect. Although most 
disturbances in the above case studies caused more severe impacts than most criteria excursions are expected to 
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cause, CMC excursions will result in death of some organisms. These data indicate that as a general rule, the 
purpose of the average frequency of allowed excursions will be achieved if the frequency is set at once every 3 
years on the average. Excursions of the CCC are more difficult to evaluate because nonlethal excursions could 
not be evaluated from the data used by Niemi et al. [38). It is reasonable to expect, however, that cumulative 
effects from too frequent excursion of the CCC also will result in unacceptable degradation of lotic 
communities. 

Considerations for Proposing Site-specific lncrusiiS or DecreBSIIS In the Av.,..ge Frequency of Allowed 
Excursions 
Although an average frequency of one criterion excursion every 3 years should usually be protective of lotic 
communities, more frequent excursions might be acceptable in certain situations. Sedell et al. [39) have shown 
that lotic systems with refugia (areas of refuge) such as well-developed riparian zones, connected flood plains 
and meanders, snags, etc., recover more rapidly from disturbances than segments without such refugia, because 
organisms are better able to avoid disturbances and return or repopulate. However, many of these refugia are 
likely to be most restricted and vulnerable during the low-flow periods when criteria excursions also are most 
likely to occur. Evidence of action to preserve refugia, particularly during low-flow periods, or to create or 
restore them, might be grounds for demonstrating that an excursion frequency of more than once every 3 years on 
the average is acceptable. Schlosser [36) found that lower-order (i.e., headwater) streams, because of their 
natural high variability, contain communities consisting of species that have short life cycles and/or high 
dispersal ability and can recover from major disturbances in a year or even less. Thus, many lower-order streams, 
particularly those for which refugia are available, may be able to tolerate somewhat higher excursion 
frequencies, ooless other considerations are important. For example, discharges to lower-order streams sometimes 
constitute a large fraction of the stream flow for most of the year. 

Although lower-order streams are naturally highly variable and can therefore tolerate higher disturbance 
frequencies, the converse is true for higher-order lotic streams for at least two partially related reasons: (1) 
segments with tributaries draining a large watershed will be buffered from the effects of localized droughts in a 
portion of the watershed, and will therefore experience a less severe natural disturbance regime, and (2) 
organisms inhabiting these segments will therefore not be adapted to disturbances that are as frequent or severe 
as those in lower-order segments. Fish in particular will be larger and have longer generation times in larger 
streams and rivers. Consequently, it will take longer for these populations to reproduce and regain 
predisturbance densities and size class distributions. Schlosser [36) suggests that, based on such life-history 
characteristics, fish communities in larger rivers might take 20 to 25 years to re-establish the predisturbance age 
and size structure of their component populations after a severe disturbance such as a major drought or spill. 

Extreme cases in which recovery has taken much longer than 3 years usually involve spills of persistent 
chemicals or severe habitat modification, such as stream channelization or clear-cutting of a watershed [38]. If 
the chemical contaminant is not widespread, recovery is limited primarily by the rate of disappearance of the 
chemical rather than by strictly ecological processes. Widespread contamination can affect recovery by 
increasing the distance over which recolonizers must travel. Watershed clear-cutting reduces the input of 
organic matter that provides the food base of streams in forested watersheds and also provides woody debris 
and snags that serve as refugia. Channelization and dredging reduce the in-stream habitat diversity and thereby 
decrease refugia. In addition to these anthropogenic disturbances, multiple excursions during a drought, due to 
low-flow conditions, can result in a severe cumulative impact on sensitive species even if the individual 
excursions are small. Special measures, such as plant shutdowns, might be required in extreme cases. Finally, 
severe chemical spills, which cannot be regulated but which will occur in any highly industrialized river 
segment, will affect aquatic life over a large area. If maintenance of long-lived fish species in these segments 
is desired, recovery periods up to 25 years may be necessary. 

Based on the above considerations, recovery periods longer than 3 years may be necessary after multiple minor 
excursions or after a single major excursion or spill during a low-flow period in medium-to-large rivers, and up 
to 25 years where long-lived fish species are to be protected. Even longer times may be necessary as the size of 
the affected area or the persistence of the pollutant increases. 
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Calculation of Design Conditions 

The use of aquatic-life criteria for developing water quality-based permit limits and for designing waste 
treatment facilities requires the selection of an appropriate wasteload allocation model. Dynamic models are 
preferred for the application of aquatic-life criteria in order to make best use of the specified concentrations, 
durations, and frequencies. If dynamic models cannot be used, then an alternative is steady-state modeling. 
Because steady-state modeling is based on various simplifying assumptions, it is less complex, and might be 
less realistic, than dynamic modeling. 

An important step in the application of steady-state modeling to streams is calculating the design flow. The 
procedures outlined in the EPA document Technical Guidance Manual for Performing Waste Load Allocation, Book 6, 
Design Conditions: Chapter 1, Steam Design Flow for Steady-State Modeling. (U.S. EPA 1986) are recommended for 
calculating design flows for rivers and streams. States may use other methods so long as the methods are 
technically defensible. The document discusses and recommends two methods for determining design flows, 
the hydrologically based method and the biologically based method, and the flows that should be used for the 
CCC and CMC for both methods. 

The hydrologically based design flow method is presently used by many States. It is based on selecting and 
identifying an extreme value, e.g., the 7Ql 0 flow. The underlying assumption of this method is that the 
design flow wilt occur X number of times in Y years. Thus, this method limits the number of years in which one 
or more excursions below the design flow can occur. The method has two advantages: (1) the log-Pearson Type 
Ill flow estimating technique or other extreme value analytical techniques that are used to calculate flow 
statistics from daily flow data are consistent with past engineering and statistical practice, and (2) the U.S. 
Geological Survey provides technical support for this method. The disadvantage of this method is that it is 
essentially independent of biological considerations. Design flows calculated using this method might allow 
more or fewer excursions than once every 3 years on the average. In addition, it is difficult to use site-specific 
durations and frequencies with this method. For toxic wasteload allocation studies in which the 
hydrologically based method is used, EPA recommends the use of the 1 Ql 0 flow as the design flow for the 
CMC and the 7Q1 0 as the design flow for the CCC. 

The biologically based design flow method was developed by the U.S. EPA Office of Research and 
Development and directly uses the averaging periods and frequencies specified in the aquatic-life water quality 
criteria for individual pollutants and Whole Effluents for determining design flows. The method is an 
empirical iterative convergence procedure that includes the calculation of harmonic means of the flow to 
determine the total number of excursions. The method makes exact use of whatever duration and frequency are 
specified for the CMC and CCC. These might be 1 day and 3 years for the CMC and 4 days and 3 years for the 
CCC or site-specific durations and frequencies. 

The two methods were used on approximately 60 different rivers to compare the hydrologically based 1 Q 1 0 and 
7Ql 0 design flows with the biologically based 1-day/3-year and 4-day/3-year design flows. For most of the 
rivers the hydrologically based design flows resulted in more than the allowed number of excursions. For some 
of the rivers, the 1 Q1 0 and 7Q1 0 allowed substantially more or fewer excursions than the intended number of 
excursions. Because the biologically based method calculates the design flow directly from the national or 
site-specific duration and frequency, it always provides the maximum allowed number of excursions and never 
provides more excursions than allowed. 

EPA provides software tools to calculate both types of design flows via the STORET environment on its NCC
IBM mainframe. Biologically based design flows can be calculated using the program DFLOW [40). The 
hydrologically based design flows can be calculated using FLOSTAT or DFlOW; the latter uses a simplified 
version of the log-Pearson Type Ill method. Both programs access the STORET Flow file that contains daily 
flow records for U.S. Geological Survey gaging stations. They are easy to use and the user simply needs to know 



the identification number of the gaging station. To obtain further information on the STORET environment 
and the programs, contact: 

Mr. Thomas Pandolfi 
U.S. Environmental Protection Agency 
Office of Water Regulations and Standards (WH-553) 
401 M Street, S.W. 
Washington, D.C. 20460 
(202) 382-7030 

The methods described above use daily flow data to determine design flow, but they do not consider any other 
physical or chemical condition that might affect toxicity. EPA has prepared a supplementary method and a 
software tool named DESCON that incorporate such supplemental water quality parameters as temperature, pH, 
alkalinity, hardness, and dissolved oxygen to determine design conditions. Note that DESCON takes into 
account such things as effluent variability, which DFLOW does not take into account. The method and software 
are described in two documents available from the Assessment and Watershed Protection Division of the Office 
of Water Regulations and Standards-Technical Guidance on Supplementary Stream Design Conditions for Steady 
State Modeling [3] and DESCON Users Manual [40]. 

The supplementary method is consistent with the hydrologically and biologically based methods described 
above. It simply extends them to include other conditions besides streamflow. The advantage of considering 
multiple conditions is that the worst-case conditions necessary to protect water quality criteria might not occur 
when the streamflow is low; e.g., low DO or high temperatures might occur at times other than when the flow is 
low. 

This supplementary method can be used for five pollutant categories with the physical-chemical parameters 
described above. The pollutant categories are general toxicant, ammonia, heavy metals (Cd, cr+3, Cu, Pb, Ni, 
Zn), pentachlorophenol, and ultimate oxygen demand. 

The software tool to facilitate this method is called DESCON. It is on EPA's IBM mainframe and is available 
through the STORET environment. DESCON accesses the STORET flow file for the daily flow record and the 
water quality file for data on the physical-chemical parameters. Options are available to the user if the area of 
concern has no flow record or if no water quality data are available. 
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LOGNORMAL DISTRIBUTION AND PERMIT LIMIT 
DERIVATIONS 

Introduction 

This appendix provides supporting information for the statistical methodology used in permit limit 
calculations. The methodology described in this appendix applies to many types of data including data that 
are used to develop both technology-based and water quality-based permit limits. The appendix is divided 
into two sections. The first section gives an overview of permit limits: the derivation of water quality-based 
limits and the consistency among different permit limits. The second section describes the statistical 
methodology for the normal distribution, the lognormal distribution, the delta-lognormal distribution, 
methods of checking distributional assumptions, and correlation. This section also provides guidance on the 
application of each distribution to permit limits. Tables E-1, E-2, and E-3 at the end of the appendix summarize 
the permit limit calculations. This appendix describes the statistical methodology for three distributions that 
are often used in determining permit limits. Other distributions can be used, and this topic is discussed in the 
subsection, Other Distributions. 

Section 1: Overview of Permit Limits 

Two types of permit limits are contained in the effluent guidelines regulations: daily maximum limits and 
monthly average limits. The daily maximum permit limit is the maximum allowable value for any daily sample. 
The daily maximum limits are usually based on the 99th percentile of the distribution of daily measurements. 
The monthly average permit limit is the maximum allowable value for the average of all daily samples obtained 
during 1 month. Monthly average limits are in most cases based on the 95th percentile of the distribution of 
averages of daily values. 

The following two subsections discuss the derivation of water quality-based limits and the consistency among 
different permit limits. 

Derivation flf Wat11 Quality-based Limits 
Water quality-based limits are derived from the required treatment system performance necessary to comply with 
the wasteload allocation (WlA). Technology-based effluent limits are derived from treatment system 
performance. The mathematical expressions for water quality-based limits are the same as those for technology
based effluent limits; the major difference is that the means and standard deviations in those expressions are 
derived from the WLA. This topic is discussed in Chapter 5. 

Co11slstsncy Amo11g DlffBtsnt l'e111111 Limits 
The current Technical Support Document for Water Quality-based Taxies Control (TSD) procedures provide 
consistency among different permit limits. The stringency of permit limits is independent of monitoring 
frequency and is determined entirely by the WlA and permit limit derivation procedures. The daily maltimum 
limit is constant regardless of monitoring frequency. The numerical value of the monthly average limit 
decreases as monitoring frequency increases only because averages become less variable as the number of values 
included in the average increases. For example, an average based on 10 samples is less variable than an average 
based on 4 samples. This phenomenon makes monthly average permit limits based on 10 samples appear to be 
more stringent than the monthly limit based on 4 samples. A permittee performing according to the WLA 
specifications will in fact be equally capable of meeting either of these monthly average limits when taking 
the corresponding number of samples. The stringency of the TSD procedures, accordingly, is constant across 
monitoring frequencies. 
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Section 2: Statistical Methodology 

The statistical procedures that are used in permit limit development involve fitting distributions to effluent 
data. The estimated upper percentiles of the distributions form the basis of the limits. This section describes 
the statistical methodology applied to permit limits in the following subsections: the normal distribution, the 
lognormal distribution, the delta-lognormal distribution, methods of checking distributional assumptions, and 
correlation. Before discussing these topics several definitions are made for notation, assumptions, coefficients 
of variation, and variability factors. 

llot•t1o11 
In the calculations in this appendix, natural logarithms (i.e., logarithms to the base e), denoted by ln(x), are 
used. The calculations can be modified to use logarithms to the base 10 by replacing logl o(x) for ln(x) in the 

formulas. 

Assumptions 
The distribution fitting methods assume that the daily measurements are independent, uncorrelated 
observations. 

The fundamental assumptions underlying the discussion on calculating limits are: 

• Daily pollutant measurements are approximately lognormally distributed for values above the 
detection limit 

• Maximum n-day monthly averages for n :::;; 10 are approximately lognormally distributed above the 
detection limit 

• Maximum n-day monthly averages for n > 10 are normally distributed. 

Recommendation of the use of the lognormal distribution for daily pollutant measurements is based on 
practical rather than theoretical consideration. Usually environmental data sets possess the basic lognormal 
characteristics of positive values and positive skewness. In addition, the lognormal distribution is flexible 
enough to model a range of nearly symmetric data. Furthermore, in comparison to other positive valued, 
positively skewed distributions that could be used to model environmental data, the lognormal is relatively 
easy to use. 

When lognormal data are log transformed, the properties of the normal distribution apply to the transformed 
data. The section on statistical methodology describes the properties of the normal distribution and its 
relationship to the lognormal distribution. The delta-lognormal distribution is a generalization of the 
lognormal distribution and may be used to model data that are a mixture of non-detect measurements with 
measurements that are lognormally distributed. In delta-lognormal procedures, nondetect values are weighted 
in proportion to their occurrence in the data. 

In determining permit limits based on averages (e.g., monthly average permit limits), a distribution should be 
used that approximates the distribution of an average of pollutant measurements. The lognormal distribution 
can be used for approximating the distribution of averages for small sample sizes where the individual 
measurements are approximately lognormally distributed. For larger sample sizes, a powerful statistical result, 
called the Central Limit Theorem, provides theoretical support for determining limits based on averages of 
individual measurements. According to the Central Limit Theorem, when the sample size n is large enough, the 
average of the n sample values will be approximately normally distributed regardless of the distribution of the 
individual measurements. The section on statistical methodology provides procedures and guidance for 
calculating averages for both small and large samples sizes where the individual measurements are lognormally 
distributed. 
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The shape of the observed data is the key factor in evaluating a distributional model. For environmental data 
the lognormal distribution is usually appropriate. The critical question in a given situation is how well a 
particular distribution models the shape of observed data. Although the lognormal does not provide an exact 
fit in all cases, it usually provides an appropriate and functional fit to observed environmental data. Graphical 
displays and goodness-of-fit tests, as described in the subsection, Other Distributions, may be used as a guide in 
verifying assumptions and selecting a distribution. 

Cosfflcl•nts of flsrlatlon 
The coefficient of variation (denoted by "CV") is the ratio of the standard deviation to the mean. Thus, the CV 
is a dimensionless measure of the relative variability of a distribution. Estimates of the CV can be used when 
the actual CV cannot be calculated or if the available data sets for calculating the CV are small. In such cases, 
different values for the CV should be used in the permit calculations to assess the effect of the CV on the final 
permit limit. Typical values of the CV for effluent data usually range from 0.2 to 1 .2. The CV is a measure of 
the relative variation in observed data. In many cases, changes in the CV will have little impact on the final 
permit limit. In assessing the sensitivity of the permit limit to the CV, the calculations may include CV = 0.6 
as a conservative estimate (assumes relatively high variability). If the final permit values vary greatly with 
different CV values either of two approaches may be used. The first approach is to use a conservative estimate 
of the CV that assumes relatively high variability (e.g., CV = 0.6) in the final permit limit. The second 
approach is to collect additional data to obtain a more definitive value for the CV. 

flsrlsblllty Factors 
An important component of the process used by the Environmental Protection Agency (EPA) for developing 
technology-based limits are variability factors. The variability factor is the ratio of a large concentration level 
of a pollutant to the average level determined from that particular plant. The ratio expresses the relationship 
between the average treatment performance level and large values that would be expected to occur only on rare 
occasions in a well-designed and operated treatment system. Such factors are useful in situations where little 
data are available to characterize the long-term performance of a plant. 

In cases where only a small number of observations are available from a plant, EPA has been reluctant to 
estimate a variability factor. In the Organic Chemicals, Plastics, and Synthetic Fibers (OCPSF) rulemaking [1 ], a 
minimum of seven daily observations from a plant, with at least three of the seven above the detection limit, 
was established for calculation of a plant level priority pollutant variability factor. However, EPA has not 
established a minimum number of observations required for calculating variability factors for all pollutants in 
all industries. 

The calculations for variability factors for the daily maximum and the monthly average are included in the 
discussion of the different distributions below. 

Normal Distribution 

The normal distribution plays a central role in the methods described in this appendix. In most cases, the 
normal distribution is not an appropriate model for individual pollutant measurements; however, the normal 
distribution is related to the lognormal distribution that is used to establish many permit limits. In most cases, 
the simple logarithmic transformation of effluent and water quality data results in data distributions that are 
normally distributed. Such data are referred to as being lognormally distributed. When lognormal data are log 
transformed, the properties of the normal distribution apply to the transformed data. Since the normal and 
lognormal distributions are related in a straightforward manner, the methods of analysis for normal and 
lognormal data also are easily related. The normal distribution is described below and is followed by a 
discussion of the lognormal distribution and its relationship to the normal distribution. 
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Figure E-1. Normal Probability Distribution 

The normal probability distribution is encountered in a number of applications. The bell-shaped curve of the 
normal distribution is shown above in Figure E-1. Excellent introductions and reviews of the normal 
distriootion are found in numerous statistical, engineering, and scientific texts, as for example in Reference 2. 
Only a brief review is given here. 

A sample of independent observations, denoted by x1, x2, ... ,xk, from a normally distributed population can be 

used to estimate the mean, 11, and variance, o2, according to the formulas below: 

~ 

estimated mean ll = 
= L,[xi] I k, 1 ~ i ~ k 

&2 = estimated variance 
= L,[(Xi - A>2J I (k - 1 ), 1 ~ i ~ k 

A 

estimated standard deviation a = 
= <&2>1/2 

A 

estimated coefficient of variation cv = 
= &tA 

The characteristics of the normal distribution are the range is defined for positive and negative values, and the 
frequency curve is bell-shaped and symmetric about the mean. In most cases, the normal distribution is not an 
appropriate model for the distribution of individual pollutant measurements. Environmental data rarely are 
symmetric, which is a fundamental property of the normal distribution. In addition, the normal distribution is 
defined over a range that includes negative values while pollutant measurements are restricted to nonnegative 
values. Thus, fitting a data set to a normal distribution allows for the possibility, however small, of observing 
negative values. The lognormal distribution, or any positive valued distribution, is not defined for negative 
values and thus avoids assigning any probability to negative values. 

ll-'11 ~~u••• ,..,It Ll•lts Baud 1111 the Mllllfllll lllstr/lnlt/1111 
For data sets which have the characteristics of the normal distribution, the daily maximum permit limits can be 
calculated. The upper percentile daily maximum permit limits for the normal distribution are calculated using 
the quantity Zp, the standardized Z-score for the pth percentile of the standardized normal distribution o.e., 
normal distribution with mean = 0, and variance = 1 ). For example, the Z-score for the 95th percentile is 1.645. 
Z-scores are listed in tables for the normal distribution (in most statistical textbooks and references). The pth 
percentile daily maximum limit is estimated by: 

5<.p pth percentile daily maximum limit 
' " = 1.1 + Zp a. 
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For example: 

S<..95 = 95th percentile daily maximum limit 

= A+ 1.645 a 
S<..99 = 99th percentile daily maximum limit 

Note: 

= A+ 2.326 a 

~5 = 1.645 
~ = 2.326 

The daily variability factors (denoted by VF1) are estimated by: 

Daily maximum 95th percentile VF1 = 5<..95 I A 

Daily maximum 99th percentile VF1 = S<.. 99 I A 

.. lilt, A.,.,, ,_, L'-lt. ,.._ 111 1111 ,,., Dlmlbllf/1111 
The normal distribution can be used to model the averages of the individual measurements for a wide range of 
circumstances. Although the normal. distribution usually is not an appropriate model for individual pollutant 
measurements, the averages of those individual measurements can often be modeled by the normal distribution. 
This subsection explains the theory behind using the normal distribution for averages and provides the general 
formulas. 

A powerful statistical result, called the Central Limit Theorem, provides theoretical support for determining 
limits based on averages of individual measurements. According to the Central Limit Theorem, when the 
sample size n is large enough, the average of the n sample values will be approximately normally distributed 
regardless of the distribution of the individual measurements. In determining permit limits, the calculations 
incorporate the number of samples that will be required for monitoring purposes during the specified time 
period (usually a month). For the purposes of permit writing, monitori11g sample sizes greater than 10 are 
recommended to be sufficiently "large enough" to assume the sample average is approximately normally 
distributed. The above formulas can be modified for finding the estimated mean and variance for the average 
from a sample of size n (e.g., for 14-day monthly average, n = 14 samples during the month for monitoring 

purposes). The parameters J.l.n and a~ denote the mean and variance, respectively, of the distribution of the 

average of n values. The estimates of the n-day average and the variance of the n-day average are denoted by 
A A 2 , 
lln and On, respectively. 

A 

estimated mean of distribution of X ll = a2 = estimated variance of distribution of X 
A 

mean of distribution of the n-day monthly average lln = A 
= 1.1. 

A2 
variance of distribution of the n-day monthly average on = 

= a2 t n A 
standard deviation On = 

= <a~> 112 
A 

coefficient of variation CVn = 
= &n I An. 
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The upper percentile limits are: 

x.p = p;h perce~tile n-day monthly average limit 

= lln + Zp On 

where zp is the pth percentage point of the standard normal distribution. 

For example: 

x.95 

x.99 

Note: 

= 

= 

= 

95th percentile n-day monthly average limit 

An+ 1.645 &n 
99th percentile n-day monthly average limit 

An+ 2.326 &n 

z95 1.645 
z99 2.326. 

The monthly average variability factors (denoted by VFn) are estimated by: 

Monthly average 95th percentile VFn::: x.95 I A 
Monthly average 99th percentile VFn ::: x.99 I A 

The above discussion of the normal distribution can be modified for data from the lognormal distribution. The 
next subsection explains the modifications. 

Lognormal Distribution 

Experience has shown that daily pollutant discharges are generally lognormally distributed. The distributional 
fit of the data varies somewhat from application to application, but not enough to alter the conclusion that 
effluent pollutant discharges are generally lognormally distributed. Ambient water quality data also are often 
lognormally distributed. Figure E-2 displays the positively skewed shape of the lognormal distribution. 

The distribution fitting methods assume that the daily measurements are independent, uncorrelated 
observations. Although, in general, this assumption is not satisfied exactly, the lognormal distribution has 
been used in the effluent guidelines program primarily because it consistently provides a reasonably good fit to 
observed effluent data distributions. Figure E-3 shows the lognormal distribution applied to data used in the 
development of the OCPSF effluent guidelines regulation [1]. 
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The logarithmic transformation of the random variable X, Y = ln(X) results in a random variable Y that is 
normally distributed. Therefore, the analysis procedures for analyzing lognormal data are similar to those for 

the normal distribution. The mean and variance frorr. the normal distribution of the random variable Y are cry, 

and a~ respectively. These parameters can be estimated by: 

' L(Yi) I k Jly = 
and 

,,2 
L[(yj - A>2J I (k - 1 ), respectively (Jy = 

where 

Yi = ln(xj) for i=1,2, ... k. 

When data are lognormally distributed, these values from the normal distribution can then be used to calculate 
the mean, variance, and coefficient of variation for the random variable X that is lognormally distributed. The 
mean, variance, and coefficient of variation of the random variable X may be estimated by E(X), 'I(X), and 

cv(X), respectively. 

~(X) = daily average 
' ,2 = exp{ Jly + ay I 2) 

'I(X) = variance 
' ,2 ,2 

= exp(2 Jly + ay) [exp(ay)- 1] 

cv(X) = coefficient of variation 

= [exp(cr~) - 1 ]1 /2. 

D•lly Maxi•• ,_It Ll•lts BaMI •• til• L111J811,_1 Dlstrlll•tloll 
The upper percentile limits for the random variable X (which is lognormally distributed) are: 

X.p = pth percentile daily maximum limit 

= exp[ Ay + Zp &0 
where zp is the pth percentage point of the standard normal distribution. 

For example: 

x.95 = 95th percentile daily maximum limit 

= exp[ Ay + 1.645 cry] 
x.99 = 99th percentile daily maximum limit 

= exp[ Ay + 2.326 cry]. 

Note: 

z95 = 1.645 
z99 = 2.326. 
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The daily maximum variability factors (denoted by VF1) are estimated by: 

Daily maximum 95th percentile vF, = x.95 I E(X) 

Daily maximum 99th percentile VF1 = x.99 I E(X). 

Monthly ArtJrags P11tmlt Limits Based on tile Log•ormal Distribution 
This subsection contains the formulas required to approximate the distribution of the average of a small number 
of lognormally distributed values with another lognormal distribution. Although, the Central Limit Theorem 
holds that the average of a sample of independent measurements is normally distributed provided that the 
number of measurements, n, is sufficiently large, the minimum value for n required in specific cases may vary 
considerably. In cases where the individual values are lognormally distributed, the minimum required for the 
average to be normally distributed may be quite large. As a consequence, the distribution of the average of a 
small number of lognormally distributed values may be better approximated by another, related lognormal 
distribution [3]. For sample sizes larger than 10 when the data are log normally distributed, it is recommended 
that the calculations given in Table E-3 should be used. For the purposes of permit writing, monitoring sample 
sizes of 10 or less are recommended to be "small enough" to assume the sample average is approximately 
lognormally distributed. The mean, variance, and coefficient of variation of the distribution of the average of 

n daily values are ~rv a~, andcv, estimated by: 

~2 
variance crn = 

= ln{"O(X) I [n[~(X)]2] + 1} 
~ 

n-day monthly average J.ln = 

= ~ ~2 In( (X))- 0.5 crn 
~ 

standard deviation O'n = 

= <&~>, 12 
A 

CVn = coefficient of variation 

= [exp(cr~) - 1 ]1 /2 

where 

~(X) 
A ~2 

= exp( J.ly + cry I 2) 

V(X) 
~ ~2 ,2 

= exp(2 J.ly +cry) [exp(cry) - 1]. 

The upper percentile limits of the maximum n-day monthly average are: 

x.p = pth percentile n-day monthly average limit 

= exp[ A-n + Zp &nl 

where zp is the pth percentage point of the standard normal distribution. 

For example: 

x.95 = 95th percentile n-day monthly average limit 

= exp[ ~n + 1 .645 &nl 
x.99 =99th percentile n-day monthly average limit 

= exp[ An + 2.326 &n1 
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Note: 

z95 = 1.645 
z99 = 2.326. 

The variability factors are: 

Monthly average 95th percentile VFn = ~. 95 I An 
Monthly average 99th percentile VFn = ~. 99 I An· 

Delta-Lognormal Distribution 

The delta-lognormal distribution is a generalization of the lognormal distribution. The delta-lognormal 
distribution may be used when the data contain a mixture of nondetect values and values above the detection 
limit and can be used to model nondetects in water quality-based limits. In delta-lognormal procedures, 
nondetect values are weighted in proportion to their occurrence in the data. The values above the detection 
limit are assumed to be lognormally distributed values. The delta-lognormal distribution can be used in setting 
daily maximum limits and for setting limits on monthly averages with the recommended number of monitoring 
samples being 1 0 or less. 

The delta-lognormal distribution models data as the combination of two distributions: the lognormal 
distribution and a distribution with discrete probability of obtaining observations at or below the detection 
limit. The lognormal distribution models the observations above the detection limit. The nondetect values 
are modeled by the distribution with discrete probability of obtaining observations at or below the detection 
limit. The organic priority pollutant data set shown in Figure E-4 contains a number of observations that were 
reported as "non detect." These detection limit measurements are observations that are censored at the detection 
limit and are represented by the left-most bar in the histogram. Data sets of this form are fairly typical of 
organic chemicals in wastewater. The delta-lognormal distribution often provides an appropriate and 
computationally convenient model for analyzing such data. 

The estimation procedure for the delta-lognormal distribution assumes that a certain proportion, o, of values are 
at the detection limit, which is denoted by D. (The estimation procedure when D = 0 is detailed in Reference 4. 
These values set to D are observations that can only by quantified as nondetect (ND) at some minimum level. 
This minimum level is the detection limit as established by the laboratory performing the chemical analysis. 

Let xl,x2·····xr,xr+l•····xk denote a random sample of size k, with r observations recorded as nondetects, and k-r 
observations greater than the detection limit. The k-r positive observations are assumed to follow a lognormal 
distribution. The entire data set is assumed to follow the delta-lognormal distribution with censoring point 

A ,2 
equal to the detection limit D. Let lly and cry be the sample mean and variance of the distribution of the 

logarithmic transformation Y = ln(X) of the observations greater than the detection limit. Let o be the sample 
proportion of nondetects. Then the estimates of the mean and variance of the delta-lognormal distribution are 
estimated by: 

t(X*) = daily average 
t, t, ' ,2 

= oD + (1 - o ) exp( ~ + 0.5 CJY ) 

V(X*) = variance 
t, h ,2 [ ,2 t, t- t, A ,2 

= (1 - o ) exp(2 lly +cry) exp(cry) - (1 - o )] + o (1 - o) D [ D - 2 exp{ lly + 0.5 cry )] 

cv(X*) = coefficient of variation 
[V(X*)]112 I {(x*) 
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where 

k 
D 
r 
k-r 
Yi 

number of samples 
= detection limit 
= number of nondetect values in sample 
= number of values greater than the detection limit 
= ln(xj) r+ 1 ::;; i::;; k, r < k 

= I(yj) I (k - r) r+ 1 ::;; i ::;; k, r < k 

= L(Yi - Ay>2 I (k - r - 1) 

= r I k 

r+ 1 ::;; i ::;; k, r < k 

Dally Maximum l'ermlt Limits llaMHI 1111 the Dllta·LDpDIIIIIII Olstrlb11tlon 
The 95th and 99th upper percentile limits for the random variable X (which is delta-lognormally distributed) 
are given by the following formulas: 

The estimated 95th percentile daily maximum limit is: 

fD 0 ~ 0.95 

~.95* = 
L ' .,2 
max [D, exp( J.ly + z cry] 0 < 0.95 

where 

z* = <I>-1 [(0.99 - o ) I (1 - o )]. 
The estimated 99th percentile daily maximum limit is: 

where 

ro 
~.99* = I 

Lmax [D, exp( fLy+ z*cry)] 

z* = <r>-1[(0.99. ~)I (1- o )]. 

~ 2:: 0.99 

~ < 0.99 

11>-1 [ ] is the mathematical notation for Z-scores. For example, when 0 = 0, then the corresponding value is 

11>-1 [.99] = l99 = 2.326. Values of 11>-1 [ ] are available from tables of the normal distribution (available in most 

statistical textbooks and references). 

The variability factors (denoted by VF) are estimated by: 

Daily maximum 95th percentile VF = ~.95 I ~(X) 
Daily maximum 99th percentile VF = ~.99 I ~(X). 

Oeltii·LDgROtmal Olstrllnlllfln of Arert~IIIB 
The derivation of the formulas for the averages computationally is difficult and beyond the scope of this 
appendix. However, the formulas for n-day averages are included in Table E-2. The derivation of 4-day monthly 
averages using the delta-lognormal distribution is available in Appendix VII-F of the Development Document 
for the OCPSF regulation (1 ]. For the purpose of permit writing, it is recommended that data sets of greater than 
10 samples be assumed to fit the normal distribution and the averages be calculated using the formulas given in 
Table E-3. 
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Checking Distributional Assumptions 

Two methods of checking distributional assumptions are goodness-of-fit and probability plots. When checking 
distributional assumptions, the sample size must be large enough. Small sample sizes may lead to erroneous 
conclusions. 

Bostlnns·of·Fit Tats 
In some cases, statistical goodness-of-fit tests may indicate that a particular distribution provides a reasonable 
fit to a data set of pollutant measurements. Such cases should be evaluated carefully to verify that the frequency 
curve for the data also show the shape characteristic of the distribution. 

Prsb•blllty Plots 
Use of probability plots is one method of determining whether a normal distribution is appropriate for 
modeling a population using only a limited set of measurements. The set of measurements should have at least 
20 observations [5). Consider an independent sample of size k, labeled x1,x2, ... ,xk. Let u1 ,u2, ... ,uk be the 
ordered sample of x-values in ascending order in which u1su2s, ... ,Suk. Now for each ui, find zi from the normal 
table (in any statistical reference or textbook) such that P[Z s zi) = i/(k+ 1) and plot each pair (zi,ui) on linear 
graph paper (or use a computer graphics software package). If the data are from a normal distribution, they will 
fall approximately along a straight line. 

This same method can be adapted to check the assumption of lognormality. Log-probability plots are similar to 
probability plots used for the normal distribution. To construct a log-probability plot, set Yi = ln(xi) for 
i=1,2, ... ,k and then prepare a probability plot for the Yi· first by ordering the data as described in the previous 
section. If the data are from a lognormal distribution, they will fall approximately along a straight line, as 
illustrated by Figure E-5. 

Other Distributions 

If the probability plots or the log-probability plots show serious deviation from straight lines, other 
distributions should be considered. Nonparametric methods, which do not require the assumption that the data 
follow a particular distributional form, are often useful for this type of data. Further details are available in 
many statistical references (e.g., Reference 6). 

Correlation 

Up to this point, we have assumed that all the observed pollutant levels are independent, i.e., uncorrelated 
with one another. This subsection is not intended to address correlation between observed pollutant levels 
and plant operating factors that influence and control treatment performance. 
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In the case of the monthly average limit derivation, the assumption that observed pollutant levels are 
independent can be quite important. If the effluent levels are correlated, the actual monthly average limit can 
be substantially higher than that derived from the analysis based on the independence assumption. However, 
correlation has essentially no effect on the calculated daily permit limits. This sub-section provides guidance 
on determining when levels may be correlated, and adjusting the sample size. 

A major factor that determines whether effluent levels are highly correlated is the retention time of the 
wastewater treatment system. If the retention time is large relative to the time between effluent samples, then 
those samples will tend to be correlated with each other in most cases. In municipal systems, for example, the 
retention time is frequently a matter of days, and sampling is often conducted on a daily basis. The effluent 
levels, consequently, may be substantially correlated. However, in many industrial systems, for instance a 
physical/chemical treatment system for electroplating wastewaters, the treatment system retention time is 
relatively short 4 to 8 hours. Daily effluent levels from these kinds of systems are generally uncorrelated, i.e., 
statistically independent. These general patterns are the same irrespective of the kind of pollutant in question. 
Significant correlation between observed pollutant levels, when present, should be factored into monthly 
average permit limits. 

Several different methods can be used to account for correlation in determining limits. One general approach 
involves time series modeling. Another possible approach is to use a direct computation of the covariance 
among the observed data to adjust the variance of the average used in determining the limit. Help in adjusting 
the sample size for correlation is available from the OW Statistics Section (phone number [202] 382-5397). 

Table E-1. Dally Maximum Permit limit Calculations 

The daily maximum permit limit is usually the 99th upper percentile value of the pollutant distribution. In 
certain cases the 95th percentile value may be allowable. The following gives the formulas: 

WITH ALL MEASUREMENTS > DETECTION LIMIT (based on lognormal distribution) 

k.95 95th percentile daily maximum limit 

= exp[ ~ + 1 .645 0y] 
k.99 = 99th percentile daily maximum limit 

= exp[ ~ + 2.326 ay] 
where 

x· I = daily pollutant measurement i 

Yi = ln(xj) 
k = sample size of data set 
h 

I.(yj) I k l:Si:Sk Jly = 
,2 

I.[(Yi - ~y)2] I (k - l) :Si:Sk (Jy = 

t(X) ' ,2 
= exp( Jly + 0.5 ay ) 

(/(X) h ,2 "2 
= exp(2 Jly + ay) [exp(ay) - 1] 

cv(X) = [exp(c/). n112 y 
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Table E-1. Dally Maximum Permit Limit Calculations (continued) 

WITH SOME MEASUREMENTS < DETECTION LIMIT (based on delta-lognormal distribution) 

k.95 = 95th percentile daily maximum limit 

r o o ~ o.9s 

x.9s = I 
L max [D, exp( ~ + z*ey)J 0 < 0.95 

with z * = q,-1 [(0.95 - o) I (1 - o )] 
x.99 99th percentile daily maximum limit 

lD 
I 

0 ~ 0.99 

Lmax [D, exp(~y + z*ay)J o < 0.99 

with z* = ~-1[(0.99- o) I (1- o )] 
where 

x· I 
k 
D 
r 
k- r 

Yi 
0 
' lly 
,2 
Oy 

E(X*) 

V(X*) 

= 

= 

= 

= 
= 
= 
= 

= 

= 

= 

daily pollutant measurement i 

sample size of data set 
detection limit (as established by the laboratory) 
number of nondetects (xl ,x2, ... ,xr ares; D) 
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Table E-2. Monthly Average Permit Limit Calculations for 
Ten Samples or Less 

The monthly average permit limit is usually based on the estimates of the 95th percentile of the distribution of 
the average of the daily effluent values. For sample sizes less than or equal to 10, the data are assumed to be 
lognormally distributed (or delta-lognormally distributed if the data includes nondetects). 

All MEASUREMENTS > DETECTION LIMIT (based on lognormal distribution) 

k.95 = 95th percentile n-day monthly average limit 

exp[ ~n + 1.645 On] 

k.99 99th percentile n-day monthly average limit 

exp[ ~n + 2.326 on] 

where 

x· I = daily pollutant measurement i 

Yi = ln(xj) 
k = sample size of data set 
' L(Yi) I k 1:5i:Sk 
~~ 

= 

CJY = L[(Yi - ~y)2]/ (k - 1) 1:5i:Sk 

~(X) 
~ ~2 

= exp( J.ly + 0.5 CJY ) 

V(X) 
A ,2 ~2 

= exp(2 J.ly + ay)[exp(ay)- 1] 
,2 

ln~(X) I (n[ t(X)]2) + 1} an = 

' ~ ,2 
fln = In( (X))- 0.5 an 

' [exp(cr~)- 1 ]112 CVn = 
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Table E-2. Monthly Average Permit Limit Calculations for 
Ten Samples or Less (continued) 

SOME MEASUREMENTS < DETECTION LIMIT (based on delta-lognormal distribution) 

X. 9 5 95th percentile n-day monthly average limit 

ID li ~ 0.95 

x.95 1 

Lmax [D, exp( ~n + /on)J o < 0.95 

with z * =<1>-1 [ (0.95 - 0 ) I (1 - 0)]. 

x.99 99th percentile n-day monthly average limit 

lo o ~ o.99 

x.99 1 

L max [D, exp( ~n + z*on)J o < 0.99 

with z* = <1>-1[(0.99 -0) 1 (1- o )] 
where 

x· I = daily pollutant measurement i 
k = sample size of data set 
D = detection limit (as established by the laboratory) 
r = number of nondetects (x1,x2, ... ,xr are :o; D) 
k-r = number of detects (xr+ 1 ,xr+2• ... ,x k are > D) 

Yi = ln(xj) for r+ 1 $ i $ k 

0 = r I k 
~ 

l(yj) I (k - r) r+ 1 $ i $ k (exclude values $D from sum) ~y = 
~2 

l[( Yi - Ay )2] I ( k - r - 1) r+ 1 $ i $ k cry = 
tcx*> = 0 0 ~ ~ 2 D + (1 - ) exp( ~y + O.Scry) 

vex*> = 0 
A ,2 ,2 

0 (1 - ) exp(2 ~y +cry) [exp( cry) - (1 - 0 0 ' ' 2 
)] + (1 - )D[D - 2 exp( ~y + 0.5 cry)] 

,2 
ln{(l - o") [1 + A + B + C)} crn = 

with 

A = V(X*) I [n{t(X*)- on D)2] 

B = - [ii" D2(1 -on)] I (E'(X*)- on D)2 

c = (2 on D) I (E'(X*)- on D) 

' ln[(~(X*)- on D) I (1 -on)]- 0.5 &~ ~n = 
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Table E-3. Monthly Average Permit Limit Calculations for More Than Ten Samples 

The monthly average permit limit usually is based on the estimates of the 95th percentile of the distribution 
of the average of the daily effluent values. These daily values are assumed to be lognormally distributed. For 
sample sizes larger than 10, the averages (represented by the random variable X n) are assumed to be normally 
distributed. 

where 

k.95 95th percentile n-day monthly average limit 

E(x n> + 1.645 ~(X n>J 1 /2 
k_99 99th percentile n-day monthly average limit 

E(Xn) + 2.326 ~O<n)J112 

x· I 
Yi 
k 
A 

JlY 
A2 
(Jy 

f(X) 

V(X) 

f(Xn) 
V(Xn) 

= daily pollutant measurement i 

In (Xj) 

= sample size of data set 
= I.(yj) I k, 1 ~ i ~ k 

= I.[(Yi - ~y)21 I (k - 1) 1 ~ i ~ k 

exp( ~Y + 0.5 6~ ) 
A A2 A2 = exp(2 lly +cry) [exp(ay)- 1] 

= E(X) 

= V(X) In 
cv(Xn) = V(Xn) 112 I (Xn) 
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SAMPLING 

The objective of an effluent or instream sampling program is to obtain a sample (or samples) from which a 
representative measure of the parameters of interest can be obtained. Unfortunately, many of the industrial and 
municipal National Pollutant Discharge Elimination System sampling protocols presently in use are carryovers 
from schemes used for calculating loadings of nutrients and oxygen-demanding substances, or were developed 
to evaluate treatment plant operational efficiency. Sampling for individual toxicants and particularly for 
effluent toxicity can require more specific (and thus different) sampling procedures. 

Wastewater variability is an important consideration in selecting the method and frequency of sampling for 
both chemical analysis and toxicity testing. Industrial waste characteristics have been shown to vary in 
frequency, intensity, and duration [1 J. As noted by Bender [2}, the sources of effluent variability include both 
random and systematic components that influence both daily and annual characteristics of waste discharges. 
Although toxic pollutant loading may be of primary concern in assessing human health impact or 
bioaccumulation, loading may be of lesser importance in toxicity assessment than frequency, intensity, and 
duration of peak toxic discharge. Sampling must be tailored to measure the type of toxicity of importance for 
that discharge: either long-term (chronic) impact, which is a more constant effect, or short-term (acute) impact, 
which is more variable and subject to peaks of intensity. 

There are several chemical parameters for which continuous analysis is possible. These include pH, temperature, 
dissolved oxygen, and other parameters involving instantaneous measurement. All other types of measurement 
involve some time period over which the analysis is conducted. Toxicity tests require an exposure period. 
Chemical tests require sample preparation and analysis. There is no continuous analysis method for toxicity. 

It should be noted that although it is difficult to design a representative sampling program for toxicity 
analysis, the problems are of no greater magnitude than similar problems associated with obtaining a 
representative sample for conventional pollutants. 

Sampling Methods 

Continuous Flow Samples 
For toxicity testing, the test organisms may be exposed to serial dilutions of a sample continuously pumped 
from the effluent pipe or ditch. In the case of effluents, if optimum accuracy is desired, then the ratio of 
effluent flow to test chamber volume can be scaled to simulate the time-varying concentration at the mixing 
zone boundary. 

Although flowthrough methods can provide a realistic simulation of time-varying exposure, they are relatively 
expensive and are usually conducted on site. Therefore, flowthrough methods may only be practical where the 
goals of the analysis of impact require this type of testing or where treatment costs are sufficiently high that 
this type of analysis can be required. A flowthrough exposure method is not a continuous analysis because only 
one result or data point is obtained at the end of the test. However, the continuous exposure does provide some 
measure of time-varying exposure effects. 

Discrete Samples 
Grab or flow composited sampling provide a discrete sample for chemical analysis or toxicity testing. Static or 
renewal toxicity tests using discrete samples result in exposure of test organisms to a constant effluent 
composition over the period of the tests, or for the period between renewals. 

If discrete samples are collected during peaks of effluent toxicity then constant concentration exposure static 
tests provide a measure of maximum effect. 

Depending on the duration of a peak and the compositing period, composited samples may not be useful for 
examining toxicity peaks because the compositing process tends to dilute the peaks. Composited samples are 
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usually appropriate for chronic tests where peak toxicity of short duration is of less concern. The averaging 
effect of compositing may be misleading when testing for acute toxicity. 

Grab samples must be collected at sufficiently frequent intervals to provide a high probability of sampling 
daily peaks. Fortunately static toxicity tests are relatively inexpensive and can be done on shipped samples; 
thus, it may be cost effective to conduct individual tests on a series of grab samples collected over a 24-hour 
period. 

Sampling Frequent:, 
Nonrandom effluent variability, resulting from batch processing, variable loadings, etc., is often known or can 
be determined. Therefore, the first step in designing a sampling program for chemical analysis or toxicity 
testing is to select the annual sampling frequency based on available site-specific operational information. 
This is important in selecting sampling periods for both continuous flow and discrete sampling methods. 

If discrete sampling methods (grabs or composites) are used, then random variations between and within days 
for each sampling period must be considered. It is important to recognize the tradeoff between the long-term 
(between days) frequency and short-term (within days) frequency of sample collection and analysis for toxics. 
At present, the permit requirements for sampling and analyzing chemical parameters are site specific and 
generally involve a single grab or 24-hour composite sample collected at daily, weekly, or monthly intervals. 
Unfortunately, a sampling scheme involving a single daily grab or a 24-hour composite sample can conceal the 
presence of those daily extreme values that may be of importance. To optimize sampling cost and 
effectiveness, it may be desirable to reduce long-term frequency so that daily frequency can be increased. 

For example, a weekly grab or composite involves 52 analyses per year. It may be more efficient to reduce the 
annual frequency to monthly or bimonthly, but collect and analyze four or eight grabs daily. Either scheme (12 
x 4 or 6 x 8) would involve 48 analyses per year versus 52 for the weekly single sample approach. Assuming 
that daily toxic events of environmentally significant intensity and duration would not be masked by short
term composites, it might be more efficient to collect eight samples each composited over a 3-hour interval. 

If costs or other constraints prohibit satisfactory daily and annual replication of sampling, then a level of 
uncertainty must be introduced into the calculations used to evaluate waste toxicity (see Section 3, Table 3-1 ). 

Box F-1 presents EPA's recommendations on sampling methods. 
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Box F-1. Recommendations 

The initial sampling design step should involve stratification of sampling periods to account 
for nonrandom sources of variation (e.g., batch processing). The second step includes 
selection of the frequency and the method of sampling to be conducted within each sampling 
period. Depending on site-specific considerations, several options are available. 

• Flowthrough Methods - Ideally, for both acute and chronic effluent toxicity tests, the 
exposure of biota should simulate the time-varying concentration at a predetermined point in 
the receiving water. For regulatory purposes, the critical point is often the edge of the mixing 
zone where the waste should exhibit neither acute nor chronic toxicity. Therefore, if 
warranted by site-specific factors, it is recommended that test biota be exposed to a 
continuously collected flowthrough sample of serially diluted effluent. If no systematic 
annual variations (e.g., batch processing) are known or suspected, flowthrough testing can be 
conducted at a minimum of quarterly intervals for at least 1 year. 

• Grab Sample Methods - Grab samples are recommended for chemical analyses and for acute 
and chronic toxicity tests where site conditions (such as wastewaters that are known to have 
relatively constant composition) do not require use of continuous flow methods. Grab 
samples of effluent or receiving water may be used for static or renewal acute toxicity tests, 
which may be conducted onsite or at a remote lab. The design of a toxics grab-sampling 
program must take into account the tradeoff between long-term and short-term sampling 
intensity. Where there is no ponding of wastes or retention time is insufficient for thorough 
mixing, it is important to collect or analyze a sufficient number of samples to provide a 
measure of daily spikes. Therefore, to minimize analytical costs where daily fluctuations are 
known or suspected, the annual sampling frequency should be reduced in favor of more 
intensive daily sampling. It is recommended that on an annual cycle, grab sampling and 
analysis include a minimum of four to six daily grabs collected monthly. An option could 
include the use of short-term (4-hour) composites rather than grabs. If site-specific data are 
available to indicate that treatment system retention time is adequate to minimize daily 
variations, then the daily replicates may be omitted in favor of more frequent annual sampling 
(e.g., weekly or semimonthly rather than monthly). If, to minimize costs in screening tests, 
only single samples are collected at infrequent intervals (e.g., quarterly) an uncertainty factor 
for variability should be used in the toxicity evaluation (see Section 3). 

• Composite Sample Methods - If static or renewal methods are used for evaluation of toxicity, 
it is recommended that 24-hour, continuous-flow composite samples be collected. 
Considerations of annual frequency are the same as those for grab samples. 
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THE DEVELOPMENT OF A BIOLOGICAL INDICATOR 
APPROACH TO WATER QUALITY-BASED HUMAN HEALTH 
TOXICS CONTROL 

Current Approach 

With one exception (New jersey), the chemical-specific approach to protecting human health is currently the 
only method used to regulate human health toxicants in effluents. The chemical-specific approach identifies 
the individual chemicals in an effluent and regulates them based upon health risk assessment information for 
each individual chemical. Where data are available for such human health toxicants, the chemical-specific 
approach can be used to develop permit limits. 

However, the complex characteristics of effluent mixtures limit the effectiveness of the single-chemical 
approach. When used as the sole basis for identifying effluents of human health concern, the chemical-specific 
approach can overlook wastewaters potentially toxic to humans for the following reasons: 

1 . Analytical methods may not be sensitive enough to detect extremely small quantities of chemicals 
which may exert their effects on human health after a long latency period. 

2. Human health data are limited or lacking for many of the §307(a) "priority" pollutants. Moreover, 
the number of human health toxicants discharged far exceeds the "priority" pollutants list. 

3. The various chemical constituents of an effluent may resulting in synergistic, additive or 
antagonistic chemical effects. 

As a result of these limitations, biological indicator tests have been developed for human health impact 
effluent screening, including both in vitro and in vivo tests. Though not yet widely implemented, biological 
indicator test results can be important supplements to a chemical-by-chemical effluent characterization. 

Short-term biological indicator tests for human health impact screening are based on cellular-level responses, 
indicating whether the substances being tested are biologically active, and providing some measure of that 
activity. While these tests do not quantify the degree of toxicity to humans, they can be used to identify 
effluents with potential human health impacts, and regulatory priority-setting and targeting of dischargers for 
further chemical-specific analyses. Research is currently underway within EPA and in the private sector to 
evaluate various biological indicator test batteries for whole effluent analysis. 

Biological Indicator Tests 

Biological indicator tests include in vitro (test tube) and in vivo (whole animal) tests which can help form the 
first tiers of a single chemical evaluation process. A battery of simple biological tests can be used to test for 
the major types of effects which are underlying causes of potential health impact, since each biological test 
measures a different type of response. The results of these tests can be used to decide whether more definitive 
(and more resource-intensive) testing is needed to identify actual problem pollutants. 

Test results can serve as triggers to additional chemical-specific analysis or more sophisticated definitive 
biological tests. Where results of these screening tools indicate potential health hazards, further 
characterization of the effluents, and regulation based upon toxicological data and/or chemical structure
activity relationships can proceed. If an effluent is extremely variable in other parameters, screening assays 
should be repeated periodically to ensure that potentially hazardous discharges are detected. Two types of 
biological indicator tests are discussed below: tests for non-threshold (no safe level exists) chemicals and tests 
for threshold (a safe level is presumed to exist) chemicals. 
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Genotoxiclty Tests for Non-Threshold Chemicals 

Genotoxicity is the ability of a substance to damage an organism's genetic material (its DNA). Certain 
positively-charged compounds tend to bind to DNA and may lead to permanent changes in the genetic 
information. Such damage to the DNA of reproductive (germ) cells can impair reproductive ability or can 
produce a change in the DNA structure that could be passed on to offspring as a heritable mutation. Alterations 
in the DNA of somatic cells can result in cancer or other diseases. 

Interpretation of genotoxicity test results assumes that DNA damage in nonhuman cells may be predictive of 
latent diseases in humans such as genetic disorders, birth defects, and cancer. EPA believes that genotoxicity 
tests for point mutations, numerical and structural chromosome aberrations, DNA damage/repair and in vitro 
transformation provide supportive evidence of carcinogenicity [U.S. EPA, 1979 and 1987c]. In addition, 
wastewater mutagenicity tests could be used to detect genotoxic activity which can adversely affect aquatic 
biota [Black, et. al., 1980]. Several short-term assays have been developed which can assess genotoxic effects 
(discussed below). 

For example, a correlation has been established between animal carcinogens and positive mutagenic responses 
in the Ames Test. The Ames test is often used to assess point mutation effects. The original correlation study 
revealed that 90% of tested carcinogens were detected as mutagens, while 87% of noncarcinogens were 
identified as non mutagens. Other studies have determined that between 77% and 91% of tested carcinogens 
produce positive responses in the Ames test. The Ames Test has been used in over 2,000 laboratories worldwide 
for drug and food additive screening, product development, and environmental testing [New jersey DEP, 1983]. 

To assess clastogenic effects (chromosomal breakage) either the mammalian sister chromatid exchange test or a 
mammalian cell chromosomal aberrations test can be conducted. Both of these tests typically use Chinese 
hamster ovary cell cultures and involve cytologic examination after exposure to determine if chromosomal 
effects are evident. The Organization of Economic Cooperation Development (OECD) test methodology is 
recommended [OECD]. EPA's Office of Toxic Substances and Office of Pesticides Programs also have published 
test methods [U.S. EPA 1982a and 1982b] that are consistent with the OECD tests. 

Most effluent samples need special preparation (for example, concentration) to produce a measurable biological 
indicator test response for human health effects. When samples are concentrated, the response is calculated in 
terms of the pre-concentration sample. In addition, for genotoxicity tests, because many chemicals are not 
actively mutagenic in humans until they enter the body and are metabolized, many in vitro tests are 
supplemented with extracts from mammalian livers which act as a source of enzymes. The extract enzymes act to 
mimic metabolic activation of procarcinogens and promutagens in humans, providing a more realistic picture 
of potential effects [U.S. EPA, 1979). 

A number of genetic toxicity assay batteries have been suggested in order to address the many potential effects 
produced by nonthreshold chemicals (for which no safe level exists) [U.S. EPA, 1979; Lave and Omenn; 
Environment Canada). In addition to providing assays that detect different endpoints, a battery of tests can 
also be structured to minimize effort at the screening level while supplying more definitive data for samples 
failing the initial tier of testing. Positive results can lead to further effluent characterization, including 
priority and other pollutant chemical analyses, or mutagenicity testing of specific processes or effluent 
fractions. Another approach would be to evaluate the effects of various treatment or waste segregation 
techniques on mutagenicity [McGeorge, et. al., 1985]. 

Many of the proposed test batteries utilize the Ames Assay as a screening level test because of its relatively 
high degree of sensitivity (i.e. a high percentage of carcinogens are Ames positive) and specificity (i.e. a high 
percentage of noncarcinogens are Ames negative) [Tennant, et. al., 1987]. One study of 28 selected industrial 
discharges revealed that 11 of the 28, or 39%, produced positive results using the Ames Test (described below). 
Other test endpoints frequently covered in the initial tier of testing include mammalian cell chromosomal 
effects, mammalian gene mutation and microbial and mammalian cell DNA damage. 

Results of a recent National Toxicology Program project suggest that combinations of four of the most 
commonly used short-term tests covering these endpoints did not show significant differences in individual 
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concordance with rodent carcinogenicity results for pure chemicals [Tennant, et. al., 1987]. This suggests that 
if a sample causes only one type of endpoint as measured by several screening level tests, its potential to cause 
human health effects should not be disregarded. 

To assess the potential carcinogen hazard, subsequent tests focusing on effluent-induced malignant changes in 
mammalian cells in vitro can be conducted. Higher levels of testing may include in vivo rodent testing or the 
Medaka (fish) tumor assay, for example. It should be noted that under existing guidelines, in vivo mammalian 
tumor assays are necessary to establish a material as a possible human carcinogen. Results from short term tests 
alone are considered as inadequate to establish human carcinogenicity [U.S. EPA, 1986c]. Guidelines for risk 
assessment of individual compounds are covered in U.S. EPA, 1986b and 1987c. 

!n vivo tests on complex mixtures are extremely complicated and expensive given the variability intrinsic to 
effluents. As a result, it is recommended that after each tier of biological indicator testing, the cost of further 
refining the weight of evidence for carcinogenesis or mutagenesis be balanced against the cost of conducting a 
causative agent identification evaluation. Given the identity of the substance leading to positive results in 
short term in vitro tests, it should not be necessary to generate ln vivo dose-response data for risk 
characterization if these data are already available in the literature for the specific chemical. 

In addition, causative agent identification studies may be unnecessary if information on the physical and/or 
chemical characteristics of the toxicant is obtained. Such information may provide clues to appropriate 
effluent treatment technologies needed to reduce effluent mutagenicity. 

In weighing the need for more definitive biological assays against causative agent evaluation, the frequency 
(i.e., how often the effluent tests positive) and intensity (e.g., revertants/liter) of the effluent's mutagenicity 
must be considered. As a default assumption, a high dose of a carcinogen received over a short period of time is 
equivalent to a low dose spread over a life-time [U.S. EPA, 1986c]. While effluents which are highly variable 
in their mutagenicity are of concern, they will be more difficult and costly to deal with in subsequent phases of 
study. 

Accordingly, the initial tier of qualitative tests for human health effects assessment can be relatively 
inexpensive, rapid, and have a low rate of false negative results. Subsequent tests can be designed to increase 
confidence in the predictive nature of the results. Additional levels of testing may also provide diagnostic 
information on the characteristics of the causative agent(s) in the effluent. 

Subsequent tiers of testing should focus on a more concise assessment of risk. Such an assessment can be used to 
delineate hazard type; in effect, to separate germ cell mutations (heritable genetic risk) from carcinogen risk. 
Thus, to assess heritable mutation, subsequent testing should focus on mammalian germ cells, ultimately tested 
in vivo [U.S. EPA, 1986b]. To assess potential carcinogen hazard, subsequent tests focusing on effluent-induced 
malignant changes in in vitro mammalian systems should be conducted. Ultimately, testing must result in a 
dose-response assessment to be used with an exposure assessment in characterizing risk [U.S. EPA, 1987a]. 

EPA's Region V (Chicago), New Jersey, and Environment Canada have been conducting mutagenicity testing at 
selected facilities. In Region V Ames test results are used to suggest the need for more intensive chemical
specific analyses of the effluent. New Jersey has incorporated a prohibition against discharging mutagenic 
compounds in amounts that are mutagenic into its "New Jersey Administrative Code" [N.].S.A. Section 7:9-4.5 
(a)4, May 1985]. 

For both types of endpoints (genotoxicity and carcinogenesis), hazard identification should be followed by 
quantitative risk assessment which includes assessment of dose response (requiring in vivo data) and human 
exposure. Human exposure assessment typically considers the composition and size of the population exposed 
and the types, magnitude, frequency and duration of exposures [U.S. EPA, 1986d]. 

Evaluation of Effluent Genotoxiclty Screening Results 

Control of human health hazards depends upon assessment of both the toxicological properties of the 
pollutants and the level of exposure. The permit authority should review the results of a human health toxicant 
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effluent screening program and establish the actions triggered by each level of potential risk indicated. For 
example, a discharger with either a high exposure risk or a high effects risk might automatically be required to 
conduct a detailed assessment or institute controls. A medium risk in both exposure and effects might require 
further review of the data and a case-specific decision about whether to require additional assessment. A 
medium effects risk and a low exposure risk might indicate the need for limited testing to ensure that the low is 
really indicative of the risk. Low risk in both exposure and effects should receive low priority for further 
assessment. The bioconcentration evaluation procedures can be used to aid in defining exposure risk, as well as 
determining receiving water concentration. 

One possible tool for evaluating results of biological indicator effluent screening is the "relative potency 
approach," a concept used rather widely in radiation biology and chemical pharmacology. The relative 
potency of an effluent is the dose of a reference agent needed to produce an effect of a given magnitude in a 
particular bioassay, divided by the dose of the effluent needed to produce the same magnitude of the same 
effect in the same bioassay. A predictive battery of several short-term biological tests, when standardized to a 
reference agent, could provide a rank or comparative estimate of the hazard posed by an effluent in the context 
of measures of other known hazards [Glass, 1988]. It should be recognized that this approach does not consider 
exposure through bioaccumulation. 

When screening has indicated a high potential for health hazard, further assessment should be required. A 
chemical-specific approach is recommended to evaluate and regulate the discharge constituents. The first half 
of this process involves characterizing the composition of the effluent. Typically, only a small fraction of the 
total organic carbon (TOC) can be accounted for as individual chemicals. Therefore, effort should be placed on 
identifying constituents through means other than chemical analysis, such as through a detailed process 
evaluation and/or toxicant characterization evaluation. 

A process evaluation is a study in which components in the wastewater are determined from an analysis of 
feedstocks, manufacturing processes, products, by-products, and pollution control in place. The result is a list 
of compounds or classes of compounds with a high probability of being present in the wastewater. Chemical 
analysis can also be conducted for not only the priority pollutants but also nonpriority pollutant peaks and 
bioconcentratable chemicals [EPA/600/XX-XX]. IRIS and SAR can be used to determine the likelihood that a 
given compound is causing positive results in the bioassay. The toxicant characterization evaluation can 
provide information on the physical/chemical nature of the chemical producing positive bioassay results. 

Summary of Current Biological Indicator Tests for Non· Threshold Human Health Toxicants 

The following tests are currently in use or under development for assessing carcinogenicity or mutagenicity: 

• Salmonella typhimurium Assay (Ames Test) (U.S. EPA, 1985 and 1983] 

Background: Strains of Salmonella requiring the amino acid, histidine, are exposed to a solvent 
extract of the effluent. Tests are performed with and without added rat liver enzyme for activation 
of indirect mutagens. The bacteria are grown on histidine-free medium; colony formation 
indicates the effluent contains mutagenic compounds capable of genetically altering the bacteria. 
Endpoint: Gene mutation; response measured in revertant colonies/L effluent. 
Advantages: Test is rapid, relatively inexpensive. The Ames Test has been shown to have broad 
application for the assessment of the mutagenic activity of a diversity of industrial effluent types 
[McGeorge, et. al., 1985]. Test sensitivity and specificity are documented [Ashby and Tennant, 
1988]. 
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Disadvantages: Requires metabolic activation and several different strains of Salmonella to detect 
a broad range of compounds, requires extrapolation from prokaryot, use of effluent extract may 
exclude certain types of compounds, epigenetic carcinogens not detected. 
Cost: Approximately $1200 {Lave and Omenn, 1986] 

• Escherichia coli SOS Assay (SOS Chromotest) [Quillardet, et.al., 1985]. 

Background: All cells contain an "SOS" enzymatic system for detecting and correcting errors in 
their genetic material. A strain of E. coli has been genetically engineered so that DNA damage 
ultimately results in production of an enzyme which reacts with test reagents to form a blue color. 
Bacteria are exposed to effluent or an extract of the effluent, with or without added rat liver 
enzyme for activation indirect mutagens. The intensity of color produced indicates the extent to 
which the effluent contains mutagenic compounds capable of damaging bacterial DNA. 

Endpoint: DNA damage; response measured as the change in optical density. 

Advantages: Simple kit commercially available, test requires <8 hrs to perform, relatively 
inexpensive. Test sensitivity, specificity documented [Quillardet, et.al., 1985]. 

Disadvantages: Requires metabolic activation, extrapolation from prokaryot, use of effluent 
extract may exclude certain types of compounds, epigenetic carcinogens not detected, measurement 
of effect must be referenced to known genotoxic compound. 

Cost: ?? 

• Sister-Chromatid Exchange Assay (SCE) [Eckl, et. al., 1987] 
Background: Sister chromatid exchange occurs when damaged DNA is replicated during cell 
division. Recent advances allow the use of cultured rat hepatocytes in detecting SCE formation, 
thus precluding the need to add rat liver enzyme for metabolic activation. Hepatocyte exposure to 
the sample is effected by using filter sterilized effluent in preparing the cell culture medium. 
Exposed cells are lysed and genetic material fixed in order to c-ount SCEs. 

Endpoint: DNA damage; response measured in SCE per chromosome/L effluent. 

Advantages: Test is rapid, relatively inexpensive, does not require metabolic activation (therefore 
more realistic). Uses mammalian cells, therefore results more readily applicable to humans. 

Disadvantages: Sensitivity, specificity not well documented, test more complex relative to 
prokaryotic systems, filter sterilization may remove some genotoxic compounds from the sample, 
epigenetic carcinogens not detected. 

Cost: S5000 [Jirtle, 1989] 

• HGPRT Assay with Chinese Hamster Ovary Cells (HGPRT/CHO) [Hsie, et. al., 1981] 

Background: Strains of Chinese Hamster Ovary cells in culture are exposed to the effluent or an 
extract of the effluent, with or without added rat liver enzyme. Mutagen interactions with certain 
sections of the DNA make the cell resistant to toxicants like 6-thioguanine. Cell survival is used 
to indicate both cytotoxicity (cell death) and genetic mutations resulting from effluent 
components. 
Endpoint: Gene mutation; response measured in % survivai/L. 

Advantages: Test is rapid and uses a mammalian system. 
Disadvantages: Sensitivity, specificity not well documented, use of effluent extract may exclude 
certain types of compounds, epigenetic carcinogens not detected, requires metabolic activation. 

Cost: $6500 

• Medaka Tumor Assay [U.S. EPA, 1988; U.S. EPA, 1989b.] 
Background: Larval fish are exposed to nonlethal concentrations of effluent for one month, this 
period is followed by a 5-month grow out period in clean water. At six months, fish are sacrificed 
and submitted for histopathological studies. 
Endpoint: Tumor formation, response measured in frequency of tumors at a given site/effluent 
concentration. 

Advantages: Use of whole effluent, whole organism, oncogenic endpoint 
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Disadvantages: Carcinogen levels in unconcentrated effluent may not be high enough to produce 
tumors at a detectable frequency in exposed populations, effluent must not be toxic to Medaka, 
requires extrapolation from non-mammalian system, relatively expensive, length of test, endpoint 
requires pathologist experienced in fish cancers, method still in developmental stages. 

Cost: $20,000 [Johnson, 1989). 

Other Human Health Effects 

Toxicants present in effluents may produce a variety of effects in humans besides genotoxicity or 
carcinogenicity via exposure through ingestion of water and/or contaminated fish and shellfish. Potential 
health effects could include suppression of the immune system, neurotoxicity, specific organ toxicity, or 
developmental toxicity. These effects occur after exposure above a presumed safe (threshold) level and are 
referred to as "systemic." 

Formerly, the only means to assess systemic effects was by using subchronic toxicity procedures designed to 
determine the effects that may occur with repeated exposure over a part of the average life span of an 
experimental animal. However, such studies are expensive (S 100,000 and over) and beyond the cost constraints 
for most effluent analyses. As an alternative, a number of short-term in vitro tests utilizing mammalian cells 
have been developed [U.S. EPA, 1978; Wilson, 1978; Kimmel, et. al., 1982; Brown and Fabro, 1982; 
Borenfreund and Puerner, 1985]. Test endpoints include cytotoxicity, effects on cell growth, division, structure, 
metabolism and function, alterations in enzyme activities, and metabolite formation. 

As with the nonthreshhold assays previously discussed, these in vitro assays only serve to qualify potential 
human health hazards. In the case of positive in vitro results, tests on intact mammals can be pursued in order 
to confirm screening test findings and establish a dose-response relationship. Alternatively, causative agent 
evaluations resulting in either the identity of the toxicant or toxicity treatability data may be pursued. 

Current Limitations of the Biological Regulatory Approach 

At present, the use of biological indicator tests as a regulatory tool is limited for a number of reasons. First, 
biological indicator information must be linked to human exposure to wastewater components. To date, no 
definitive mechanism exists for interpreting the human health hazard implications of the biological test 
results. While many in vitro (i.e. test tube) human health assays provide data about cellular changes relative to 
the dose delivered to the target tissue, they do not provide the information necessary to correlate 
environmental exposure to target tissue dose or cellular change to ultimate human health effects (e.g., cancer). 
The higher animal testing necessary to quantify the dose-response relationship (or "potency" of the effluent) 
would be extremely costly. 

Second, as with aquatic organism toxicity tests, a human health hazard test must be capable of dealing with 
intra- and interspecies sensitivity variability. This concern is particularly relevant for those effluents 
containing chemicals which only become carcinogenic upon metabolism by mammalian systems (i.e. 
procarcinogens). The use of cultured human liver cells (hepatocytes), currently being tested, would eliminate 
the need for interspecies extrapolation. 

Finally, whole effluent testing to assess potential human health impacts presents several unique practical 
problems such as the continual change in composition typical for most effluents, the need to concentrate 
samples to obtain a dose-response curve, and the need to compensate for or eliminate interferences from 
cytotoxic (toxic to cells) components of the effluent. Only those components which occur in the relatively 
nonvolatile, nonpolar organic fraction of the effluent sample are conventionally measured. [Anderson
Carnahan, article in preparation]. 

Until additional research resolves these difficulties, biological indicator tests will be most useful as screening 
tools, with actual regulation of effluents posing potential health hazards likely to remain on a chemical-by
chemical basis. 
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REFERENCE DOSE (RFD): DESCRIPTION AND USE IN 
HEALTH RISK ASSESSMENTS 

Introduction 

This concept paper describes the U.S. Environmental Protection Agency's (U.S. EPA) principal approach to and 
rationale for assessing risk for health effects other than cancer and gene mutations from chronic chemical 
exposure. By outlining principles and concepts that guide EPA risk assessment for such systemic effects the 
paper complements the new risk assessment guidelines (U.S. EPA, 1987), which describe the Agency's approach 
to risk assessment in other areas, specifically carcinogenicity, mutagenicity, developmental toxicity, exposure, 
and chemical mixtures. (In this document the term "systemic toxicity" refers to an effect other than 
carcinogenicity or mutagenicity induced by a toxic chemical.) 

Backgro•ml and Su,., 
Chemicals that give rise to toxic endpoints other than cancer and gene mutations are often referred to as 
"systemic toxicants" because of their effects on the function of various organ systems. In addition, chemicals 
that cause cancer and gene mutations also commonly evoke other toxic effects (i.e., systemic toxicity). Based on 
our understanding of homeostatic and adaptive mechanisms, systemic toxicity is treated as if there is an 
identifiable exposure threshold (both for the individual and for populations) below which there are no 
observable adverse effects. This characteristic distinguishes systemic endpoints from carcinogenic and 
mutagenic endpoints, which are often treated as nonthreshold processes. 

Systemic effects have traditionally been evaluated using such terms as "acceptable daily intake (ADI)," "safety 
factor (SF)," and "margin of safety (MOS),'' concepts that are associated with certain limitations described 
below. The U.S. EPA established the Reference Dose (RfD) Work Group to address these concerns. 

In preparing this report, the RfD Work Group has drawn on traditional report on risk assessment (NRC, 1983), to 
more fully articulate the use of noncancer, nonmutagenic experimental data in reaching regulatory decisions 
about the significance of exposures to chemicals. In the process, the Work Group has coined less value-laden 
terminology -- "reference dose (RfD)," "uncertainty factor (UF)"; "margin of exposure (MOE)"; and "regulatory 
dose (RgD)" -- to clarify and distinguish between aspects of risk assessment and risk management. These 
concepts are currently in general use in many parts of U.S. EPA. 

Traditional Approach to Assessl1g Systemic Toxicity 

The U.S. EPA's approach to assessing the risks associated with systemic toxicity is different from its approach 
to assessing the risks associated with carcinogenicity, because of the different mechanisms of action thought to 
be involved in the two cases. In the case of carcinogens, the Agency assumes that a small number of molecular 
events can evoke changes in a single cell that can lead to uncontrolled cellular proliferation. This mechanism 
for carcinogenesis is referred to as "nonthreshold," since there is theoretically no level of exposure for such a 
chemical that does not pose a small, but finite, probability of generating a carcinogenic response. In the case 
of systemic toxicity, however, organic homeostatic, compensating, and adaptive mechanisms exist that must be 
overcome before a toxic endpoint is manifested. For example, there could be a large number of cells performing 
the same or similar function whose population must be significantly depleted before the effect is seen. 

The threshold concept is important in the regulatory context. The individual threshold hypothesis holds that a 
range of exposures from zero to some finite value can be tolerated by the organism with essentially no chance 
of expression of the toxic effect. Further, it is often prudent to focus on the most sensitive members of the 
population; therefore, regulatory efforts are generally made to keep exposures below the population threshold, 
which is defined as the lowest of the thresholds of the individuals within a population. 
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Description of tile Traditional Approach 
In many cases, risk decisions on systemic toxicity have been made by the Agency using the concept of the 
"acceptable daily intake (ADI)" derived from an experimentally determined "no-observed-adverse-effect level 
(NOAEL)." The ADI is commonly defined as the amount of a chemical to which a person can be exposed on a 
daily basis over an extended period of time (usually a lifetime) without suffering a deleterious effect. The ADI 
concept has often been used as a tool in reaching risk management decisions (e.g., establishing allowable 
levels of contaminants in foodstuffs and water.) 

A NOAEL is an experimentally determined dose at which there was no statistically or biologically significant 
indication of the toxic effect of concern. In an experiment with several NOAEls, the regulatory focus is 
normally on the highest one, leading to the common usage of the term NOAEL as the highest experimentally 
determined dose without a statistically or biologically significant adverse effect. The NOAEL for the critical 
toxic effect is sometimes referred to simply as the NOEL This usage, however, invites ambiguity in that there 
may be observable effects that are not of toxicological significance (i.e., they are not "adverse"). For the sake 
of precision, this document uses the term NOAEL to mean the highest NOAEL in an experiment. In cases in 
which a NOAEL has not been demonstrated experimentally, the term "lowest-observed-adverse-effect level 
(LOAEL)" is used. 

Once the critical study demonstrating the toxic effect of concern has been identified, the selection of the 
NOAEL results from an objective examination of the data available on the chemical in question. The ADI is 
then derived by dividing the appropriate NOAEL by a safety factor (SF), as follows: 

ADI (human dose) = NOAEL (experimental dose)/SF (Equation 1) 

Generally, the SF consists of multiples of 10, each factor representing a specific area of uncertainty inherent in 
the available data. For example, a factor of 1 0 may be introduced to account for the possible differences in 
responsiveness between humans and animals in prolonged exposure studies. A second factor of 1 0 may be used 
to account for variation in susceptibility among individuals in the human population. The resultant SF of 100 
has been judged to be appropriate for many chemicals. For other chemicals, with databases that are less 
complete (for example, those for which only the results of subchronic studies are available), an additional 
factor of 10 (leading to a SF of 1 000) might be judged to be more appropriate. For certain other chemicals, 
based on well-characterized responses in sensitive humans (as in the effect of fluoride on human teeth), an SF as 
small as 1 might be selected. 

While the original selection of SFs appears to have been rather arbitrary (lehman and Fitzhugh, 1954), 
subsequent analysis of data (Dourson and Stara, 1983) lends theoretical (and in some instances experimental) 
support for their selection. Further, some scientists, but not all, within the EPA interpret the absence of 
widespread effects in the exposed human populations as evidence of the adequacy of the SFs traditionally 
employed. 

Some Difficulties In Utilizing the rradltlonal Approach 

Scientific Issues 
While the traditional approach has performed well over the years and the Agency has sought to be consistent in 
its application, observers have identified scientific shortcomings of the approach. Examples include the 
following: 

a. Too narrow a focus on the NOAEL means that information on the shape of the dose-response curve is 
ignored. Such data could be important in estimating levels of concern for public safety. 

b. As scientific knowledge increases and the correlation of precursor effects (e.g., enzyme induction) 
with toxicity becomes known, questions about the selection of the appropriate "adverse effect" 
arise. 

c. Guidelines have not been developed to take into account the fact that some studies have used larger 
(smaller) numbers of animals and, hence, are generally more (less) reliable than other studies. 
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These and other "scientific issues" are not susceptible to immediate resolution, since the database needed is not 
yet sufficiently developed or analyzed. U.S. EPA work groups are presently considering these issues. 

Management-related Issues 
The use of the term "safety factor" - The term "safety factor" suggests, perhaps inadvertently, the notion of 
absolute safety (i.e., absence of risk). While there is a conceptual basis for believing in the existence of a 
threshold and "absolute safety" associated with certain chemicals, in the majority of cases a firm experimental 
basis for this notion does not exist. 

The implication that any exposure in excess of the ADI is "unacceptable" and that any exposure less than 
the ADI is "acceptable" or "safe" - In practice, the ADI is viewed by many (including risk managers) as an 
"acceptable" level of exposure, and, by inference, any exposure greater than the ADI is seen as "unacceptable." 
This strict demarcation between what is "acceptable" and what is "unacceptable" is contrary to the views of 
most toxicologists, who typically interpret the ADI as a relatively crude estimate of a level of chronic exposure 
which is not likely to result in adverse effects to humans. The ADI is generally viewed by risk assessors as a 
"soft" estimate, whose bounds of uncertainty can span an order of magnitude. That is, within reasonable limits, 
while exposures somewhat higher than the ADI are associated with increased probability of adverse effects, that 
probability is not a certainty. Similarly, while the ADI is seen as a level at which the probability of adverse 
effects is low, the absence of all risk to all people cannot be assured at this level. 

Possible limitations imposed on risk management decisions - Awareness of the "softness" of the ADI 
estimate, as discussed above, argues for careful case-by-case consideration of the toxicological implications of 
individual situation, so that ADis are not given a degree of significance that is scientifically unwarranted. In 
addition, the ADI is only one factor in a risk management decision and should not be used to the exclusion of 
other relevant factors. 

Development of different ADis by different programs - In addition to occasionally selecting different 
critical toxic effects, Agency scientists have reflected their best scientific judgments in the final ADI by 
adopting factors different from the standard factors listed in Table 1. For example, if the toxic endpoint for a 
chemical in experimental animals is the same as that which has been established for a related chemical in 
humans at similar doses, one could argue for an SF of less than the traditional 100. On the other hand, if the 
total toxicologic data base is incomplete, one could argue that an additional SF should be included, both as a 
matter of prudent public policy and as an incentive to others to generate the appropriate data. 

Such practices, as employed by a number of scientists in different programs/agencies, exercising their best 
scientific judgment, have in some cases resulted in different ADis for the same chemical. The fact that 
different ADis were generated (for example, by adopting different SFs) can be a source of considerable 
confusion when the ADis are used exclusively in risk management decisionmaking. The existence of different 
ADis need not imply that any of them is more "wrong"--or "right"--than the rest. It is more nearly a reflection of 
the honest difference in scientific judgment. 

However, on occasion, these differences in judgment of the scientific data, can be interpreted as differences in 
the management of the risk. As a result, scientists may be inappropriately impugned, and/or perfectly 
justifiable risk management decisions may be tainted by charges of "tampering with the science." This 
unfortunate state of affairs arises, at least in part, from treating the ADI as an absolute measure of safety. 

EPA Assessment of Risks Associated wltll Sptemlc Toxicity 

The U.S. EPA approach to analyzing systemic toxicity data follow the general format set forth by NRC in its 
description of the risk assessment process (NRC, 1983). The determination of the presence of risk and its 
potential magnitude is made during the risk assessment process, which consists of hazard identification, dose
response assessment, exposure assessment, and risk characterization. Having been apprised by the risk assessor 
that a potential risk exists, the risk manager considers control options available under existing statutes and 
other relevant non-risk factors (e.g., benefits to be gained and costs to be incurred). All of these considerations 
go into the determination of the regulatory decision (Figure 1 ). 

H-4 



Table 1. Guidelines for the Use of Uncertainty Factors in Deriving Reference 
Doses and Modifying Factors 

Standard Uncertainty Factors (UFs): 
Use a 1 0-fold factor when extrapolating from valid experimental results in studies using 
prolonged exposure to average healthy humans. This factor is intended to account for the 
variation in sensitivity among the members of the human population and is referenced as 
"lOH". 

Use an additional 1 0-fold factor when extrapolating from valid results of long-term studies 
on experimental animals when results of studies of human exposure are not available or are 
inadequate. This factor is intended to account for the uncertainty involved in 
extrapolating from animal data to humans and is referenced as "1 OA". 

Use an additional 1 0-fold factor when extrapolating from less than chronic results on 
experimental animals when there are no useful long-term human data. This factor is 
intended to account for the uncertainty involved in extrapolating from less than chronic 
NOAELs to chronic NOAELs and is referenced as "1 OS". 

Use an additional 1 0-fold factor when deriving an RfD from a LOAEL, instead of a NOAEL. 
This factor is intended to account for the uncertainty involved in extrapolating from 
LOAELs to NOAELs and is referenced as "1 OL". 

Modifying Factor (MF): 
Use professional judgment to determine the MF, which is an additional uncertainty factor 
that is greater than zero and less than or equal to 10. The magnitude of the MF depends 
upon the professional assessment of scientific uncertainties of the study and data base not 
explicitly treated above; e.g., the completeness of the overall data base and the number of 
species tested. The default value for the MF is 1. 

*Source: Adapted from Dourson and Stara, 1983 

HBZIIrd ldllntlflcat/on 

Evidence 
Type of effect - Exposure to a given chemical, depending on the dose employed, may result in a variety of toxic 
effects. These may range from gross effects, such as death, to more subtle biochemical, physiologic, or 
pathologic changes. In assessments of the risk posed by a chemical, the toxic endpoints from all available 
studies are considered, although primary attention usually is given to the effect (the "critical effect") 
exhibiting the lowest NOAEL. In the case of chemicals with limited data bases, additional toxicity testing 
may be necessary before an assessment can be made. 

Principal studies - Principal studies are those that contribute most significantly to the qualitative assessment 
of whether or not a particular chemical is potentially a systemic toxicant in humans. In addition, they may be 
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Figure 1. 

Conceptual Framework for Risk Assessment and Risk Management* 

Risk Assessment 

Hazard Identification 

Dose-Response Assessment 
(e.g., RfD) 

Exposure Assessment 

Risk Management 

Control Options 

Non-risk Analyses 

' 1 v v 
Risk Characterization----------->Regulatory Decision 

(e.g., Criterion) (e.g., RgD, Standard) 

*Source: Adapted from NRC, 1983 

used in the quantitative dose-response assessment phase of the risk assessment. These studies are of two types: 
studies of human populations (epidemiologic investigations) and studies using laboratory animals. 

1. Epidemiologic studies - Human data are often useful in qualitatively establishing the presence of 
an adverse effect in exposed human populations. When there is information on the exposure level 
associated with an appropriate endpoint, epidemiologic studies can also provide the basis for a 
quantitative dose-response assessment. The presence of such data obviates the necessity of 
extrapolating from animals to humans; therefore, human studies, when available, are given first 
priority, with animal toxicity studies serving to complement them. 

In epidemiologic studies, confounding factors that are recognized can be controlled and measured, 
within limits. Case reports and acute exposures resulting in severe effects provide support for the 
choice of critical toxic effect, but they are often of limited utility in establishing a quantitative 
relationship between environmental exposures and anticipated effects. Available human studies on 
ingestion are usually of this nature. Cohort studies and clinical studies may contain exposure
response information that can be used in estimating effect levels, but the method of establishing 
exposure must be evaluated for validity and applicability. 

2. Animal studies - For most chemicals, there is a lack of appropriate information on effects in 
humans. In such cases, the principal studies are drawn from experiments conducted on nonhuman 
mammals, most often the rat, mouse, rabbit, guinea pig, hamster, dog, or monkey. 

Supporting studies - These studies provide supportive, rather than definitive, information and can include 
data from a wide variety of sources. For example, metabolic and other pharmacokinetics studies can provide 
insights into the mechanism of action of a particular compound. By comparing the metabolism of the chemical 
exhibiting the toxic effect in the animal with the metabolism found in humans, it may be possible to assess the 
potential for toxicity in humans or to estimate the equitoxic dose in humans. 

Similarly, in vitro studies can provide insights into the chemical's potential for biological activity; and under 
certain circumstances, consideration of structure-activity relationships between a chemical and other 
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structurally related compounds can provide clues to the test chemical's possible toxicity. More reliable in vitro 
tests are presently being developed to minimize the need for live-animal testing. There is also increased 
emphasis on generating mechanism-of-action and pharmacokinetics information as a means of increasing 
understanding of toxic processes in humans and nonhumans. 

Route of exposure - The U.S. EPA often approaches the investigation of a chemical with a particular route of 
exposure in mind (e.g., an oral exposure for a drinking water contaminant or an inhalation exposure for an air 
contaminant). In most cases, the toxicologic data base does not include detailed testing on all possible 
routes of administration, with their possibly significant differences in factors such as mechanism-of-action and 
bioavailability. In general, the U.S. EPA's position is that the potential for toxicity manifested via one route 
of exposure is relevant to considerations of any other route of exposure, unless convincing evidence exists to 
the contrary. Consideration is given to potential differences in absorption or metabolism resulting from 
different routes of exposure, and whenever appropriate data (e.g., comparative metabolism studies) are 
available, the quantitative impacts of these differences on the risk assessment are delineated. 

Length of exposure - The U.S. EPA is concerned about the potential toxic effects in humans associated with 
all possible exposures to chemicals. The magnitude, frequency, and duration of exposure may vary considerably 
in different situations. Animal studies are conducted using a variety of exposure durations (e.g., acute, 
subchronic, and chronic) and schedules (e.g., single, intermittent, or continuous dosing). Information from all 
these studies is useful in the hazard identification phase of risk assessment. For example, overt neurological 
problems identified in high-dose acute studies tend to reinforce the observation of subtle neurological changes 
seen in low-dose chronic studies. Special attention is given to studies involving low-dose, chronic exposures, 
since such exposures can elicit effects absent in higher dose, shorter exposures, through mechanisms such as 
accumulation of toxicants in the organisms. 

Quality of the study - Evaluation of individual studies in humans and animals requires the consideration of 
several factors associated with a study's hypothesis, design, execution, and interpretation. An ideal study 
addresses a clearly delineated hypothesis, follows a carefully prescribed protocol, and includes sufficient 
subsequent analysis to support its conclusions convincingly. 

In evaluating the results from such studies, consideration is given to many other factors, including chemical 
characterization of the compound(s) under study, the type of test species, similarities and differences between 
the test species and humans (e.g., chemical absorption and metabolism), the number of individuals in the study 
groups, the number of study groups, the spacing and choice of dose levels tested, the types of observations and 
methods of analysis, the nature of pathologic changes, the alteration in metabolic responses, the sex and age 
of test animals, and the route and duration of exposure. 

Weight-of-Evidence Determination 
As the culmination of the hazard identification step, a discussion of the weight-of-evidence summarizes the 
highlights of the information gleaned from the principal and supportive studies. Emphasis is given to 
examining the results from different studies to determine the extent to which a consistent, plausible picture of 
toxicity emerges. For example, the following factors add to the weight of the evidence that the chemical poses 
a hazard to humans: similar results in replicated animal studies by different investigators; similar effects across 
sex, strain, species, and route of exposure; clear evidence of a dose-response relationship; a plausible relation 
between data on metabolism, postulated mechanism-of-action, and the effect of concern; similar toxicity 
exhibited by structurally related compounds; and some link between the chemical and evidence of the effect of 
concern in humans. 

Concepts and Problems 
Empirical observations have generally revealed that as the dosage of a toxicant is increased, the toxic response 
(in terms of severity and/or incidence of effect) also increases. This dose-response relationship is well- founded 
in the theory and practice of toxicology and pharmacology. Such behavior is observed in the following 
instances: in quanta! responses, in which the proportion of responding individuals in a population increases 
with dose; in graded responses, in which the severity of the toxic response within an individual increases 
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with dose; and in continuous responses, in which changes in a biological parameter (e.g., body or organ 
weight) vary with dose. 

In evaluating a dose-response relationship, certain difficulties arise. For example, one must decide on the 
critical endpoint to measure as the "response." One must also decide on the correct measure of "dose." In 
addition to the interspecies extrapolation aspects of the question of the appropriate units for dose, the more 
fundamental question of administered dose versus absorbed dose versus target organ dose should be considered. 
These questions are the subject of much current research. 

Selection ol the Critical Data 
Critical study - Data from experimental studies in laboratory animals are often selected as the governing 
information when performing quantitative risk assessments, since available human data are usually insufficient 
for this purpose. These animal studies typically reflect situations in which exposure to the toxicant has been 
carefully controlled and the problems of heterogeneity of the exposed population and concurrent exposures to 
other toxicants have been minimized. In evaluating animal data, a series of professional judgments are made 
which involve, among others, consideration of the scientific quality of the studies. Presented with data from 
several animal studies, the risk assessor first seeks to identify the animal model that is most relevant to humans, 
based on the most defensible biological rationale (e.g., for instance using comparative pharmacokinetics data). 
In the absence of a clearly most relevant species, the most sensitive species (i.e., the species showing a toxic 
effect at the lowest administered dose) is used by risk assessors at U.S. EPA, since there is no assurance that 
humans are not at least as innately sensitive as the most sensitive species tested. This selection process is more 
difficult when the routes of exposure in the animal tests are different from those involved in the human 
situation under investigation. In order to use data from controlled studies of genetically homogeneous 
animals, the risk assessor must also extrapolate from animals to humans and from high experimental doses to 
comparatively low environmental exposures, and must account for human heterogeneity and possible concurrent 
human exposures to other chemicals. 

Although for most chemicals there is a lack of well-controlled cohort studies investigating noncancer 
endpoints, in some cases an epidemiologic study may be selected as the critical data (e.g., in cases of 
cholinesterase inhibition). Risk assessments based on human data have the advantage of avoiding the problems 
inherent in interspecies extrapolation. In many instances, use of such studies, as is the case with animal 
investigations, involves extrapolation from relatively high doses (such as those found in occupational 
settings) to the low doses found in the environmental situations to which the general population is more 
likely to be exposed. In some cases, a well-designed and well-conducted epidemiologic study that shows no 
association between known exposures and toxicity can be used to directly project an RfD (as has been done in 
the case of fluoride). 

Critical data - In the simplest terms, an experimental exposure level is selected from the critical study that 
represents the highest level tested in which "no adverse effect" was demonstrated. This "no-observed-adverse
effect-level" (NOAEL) is the key datum gleaned from the study of the dose-response relationship and, 
traditionally, is the primary basis for the scientific evaluation of the risk posed to humans by systemic 
toxicants. This approach is based on the assumption that if the critical toxic effect is prevented, then all 
toxic effects are prevented. 

More formally, the NOAEL is defined in this discussion as the highest experimental dose of a chemical at which 
there is no statistically or biologically significant increase in frequency or severity of an adverse effect in 
individuals in an exposed group when compared with individuals in an appropriate control group. As noted 
above, there may be sound professional differences of opinion in judging whether or not a particular response is 
adverse. In addition, the NOAEL is a function of the size of the population under study. Studies with a small 
number of subjects are less likely to detect low-dose effects than studies using larger numbers of subjects. Also, 
if the interval between doses in an experiment is large, it is possible that the experimentally determined 
NOAEL is lower than that which would be observed in a study using intervening doses. 

Critical endpoint - As noted under "Traditional Approach to Assessing Systemic Toxicity", a chemical may 
elicit more than one toxic effect (endpoint), even in one test animal, or in tests of the same or different 
duration (acute, subchronic, and chronic exposure studies). In general, NOAELs for these effects will differ. The 
critical endpoint used in the dose- response assessment is the effect exhibiting the lowest NOAEL. 

H-8 



Reference Dose (RfD) 
The reference dose (RfD) and uncertainty factor (UF) concepts have been developed by the RfD Work Group in 
response to many of the problems associated with ADis and SFs, as outlined under "Traditional Approach to 
Assessing Systemic Toxicity" above. The RfD is a benchmark dose operationally derived from the NOAEL by 
consistent application of generally order-of-magnitude uncertainty factors (UFs) that reflect various types of 
data sets used to estimate RfDs. For example, a valid chronic animal NOAEL is normally divided by an UF of 
1 00. In addition, a modifying factor (MF), is sometimes used which is based on a professional judgment of 
the entire data base of the chemical. These factors and their rationales are presented in Table 1. 

The RfD is determined by use of the following equation: 

RfD = NOAEL/ (UF x MF) 

which is the functional equivalent of Equation l. In general, the RfD is an estimate (with uncertainty 
spanning perhaps an order-of-magnitude) of a daily exposure to the human population (including sensitive 
subgroups) that is likely to be without an appreciable risk of deleterious effects during a lifetime. The RfD is 
generally expressed in units of milligrams per kilogram of body weight per day (mg/kg/day). 

The RfD is useful as a reference point from which to gauge the potential effects of the chemical at other doses. 
Usually, doses less than the RfD are not likely to be associated with adverse health risks, and are therefore less 
likely to be of regulatory concern. As the frequency and/or magnitude of the exposures exceeding the RfD 
increase, the probability of adverse effects in a human population increases. However, it should not be 
categorically concluded that all doses below the RfD are "acceptable" (or will be risk-free) and that all doses 
in excess of the RfD are "unacceptable" (or will result in adverse effects). 

The U.S. EPA is attempting to standardize its approach to determining RfDs. The RfD Work Group has 
developed a systematic approach to summarizing its evaluations, conclusions, and reservations regarding RfDs 
in a "cover sheet" of a few pages in length. The cover sheet includes a statement on the confidence (high, 
medium, or low) the evaluators have in the stability of the RfD. High confidence indicates the judgment that 
the RfD is unlikely to change in the future because there is consistency among the toxic responses observed in 
different sexes, species, study designs, or in dose-response relationships, or that the reasons for existing 
differences are well understood. High confidence is often given to RfDs that are based on human data for the 
exposure route of concern, since in such cases the problems of interspecies extrapolation have been avoided. 
Low confidence indicates the judgment that the data supporting the RfD may be of limited quality and/or 
quantity and that additional information could result in a change in the RfD. 

Eq,.,A.....,..at 
The third step in the risk assessment process focuses on exposure issues. For a full discussion of exposure 
assessment, consult U.S. EPA's guidelines on the subject (U.S. EPA, 1987). In brief, the exposure assessment 
includes consideration of the size and nature of the populations exposed and the magnitude, frequency, 
duration and routes of exposure, as well as evaluation of the nature of the exposed populations. 

Rllt Cllalftt•rlzatloll 
Risk characterization is the final step in the risk assessment process and the first input to the risk management 
(regulatory action) process. The purpose of risk characterization is to present the risk manager with a synopsis 
and synthesis of all the data that should contribute to a conclusion with regard to the nature and extent of the 
risk, including: 

a. The qualitative ("weight-of-evidence") conclusions as to the likelihood that the chemical may pose 
a hazard to human health. 

b. A discussion of the dose-response information considered in deriving the RfD, including the UFs 
and MFs used. 

c. Data on the shapes and slopes of the dose-response curves for the various toxic endpoints, 
toxicodynamics (absorption and metabolism), structure-activity correlations, and the nature and 
severity of the observed effects. 
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d. Estimates of the nature and extent of the exposure and the number and types of people exposed. 

e. Discussion of the overall uncertainty in the analysis, including the major assumptions made, 
scientific judgments employed, and an estimate of the degree of conservatism involved. 

In the risk characterization process, a comparison is made between the RfD and the estimated (calculated or 
measured) exposure dose (EED). The EED should include all sources and routes of exposure involved. If the EED 
is less than the RfD, the need for regulatory concern is likely to be small. 

An alternative measure that may be useful to some risk managers is the margin of exposure (MOE), which is the 
magnitude by which the NOAEL of the critical toxic effect exceeds the estimated exposure dose (EED), where 
both are expressed in the same units: 

MOE = NOAEL (experimental dose) I EED (human dose). 

When the MOE is equal to or greater than UF x MF, the need for regulatory concern is likely to be small. 

"Hypothetical, Simplified Example of Determining and Using RfD" contains an example of the use of the 
concepts of NOAEL, UF, MF, RfD, EED, and MOE. 

Application In Risk Management 

Once the risk characterization is completed, the focus turns to risk management. In reaching decisions, the risk 
manager utilizes the results of risk assessment, other technological factors, and legal, economic and social 
considerations in reaching a regulatory decision. These additional factors include efficiency, timeliness, 
equity, administrative simplicity, consistency, public acceptability, technological feasibility, and nature of 
the legislative mandate. 

Because of the way these risk management factors may impact different cases, consistent -- but not necessarily 
identical -- risk management decisions must be made on a case-by-case basis. For example, the Clean Water Act 
calls for decisions with "an ample margin of safety"; the Federal Insecticide, Fungicide and Rodenticide Act 
{FIFRA) calls for "an ample margin of safety," taking benefits into account; and the Safe Drinking Water Act 
(SDWA) calls for standards which protect the public "to the extent feasible." Consequently, it is entirely 
possible and appropriate that a chemical with a specific RfD may be regulated under different statutes and 
situations through the use of different "regulatory doses (RgDs)." 

That is, after carefully considering the various risk and nonrisk factors, regulatory options, and statutory 
mandates in a given case (i), the risk manager selects the appropriate statutory alternative for arriving at an 
"ample" or "adequate" margin of exposure [MOE(i)]. As shown in Equation 2 below, this procedure establishes 
the regulatory dose, RgD(i) (e.g., a tolerance under FIFRA or a maximum contaminant level under SDWA), 
applicable to the case in question: 

RgD(i) = NOAEL I MOE(i) (Equation 2) 

Note that different RgDs are possible for a given chemical with a single RfD. Note also that comparing the RfD 
to a particular RgD(i) is equivalent to comparing the MOE(i) with the UF x MF: 

RfD/RgD(i) = MOE(i) I (UF x MF). 

In assessing the significance of a case in which the RgD is greater (or less) than the RfD, the risk manager 
should carefully consider the case- specific data compiled by the risk assessors, as discussed under "Risk 
Characterization". In some cases, additional explanation and interpretation may be required from the risk 
assessors in order to arrive at a responsible and clearly articulated final decision on the RgD. 

It is generally useful to the risk manager to have information regarding the contribution to the RfD from various 
environmental media (e.g., air, water and food). Such information can provide insights that are helpful in 
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choosing among available control options. However, in cases in which site-specific criteria are being 
considered, local exposures through various media can often be determined more accurately than exposure 
estimates based upon generic approaches. In such cases, the exposure assessor's role is particularly important. 
For instance, at a given site, consumption of fish may clearly dominate the local exposure routes, while, on a 
national basis, fish consumption may play a minor role compared to ingestion of treated crops. 

Work is underway in the U.S. EPA to apportion the RfD among the various environmental media. For example, 
consider the case of a food-use pesticide which is a contaminant in drinking water. In selecting among risk 
management actions under the Safe Drinking Water Act, it might be prudent to assume an RfD for drinking water 
purposes which is some fraction of the total RfD. Such an apportionment would explicitly acknowledge the 
possible additional exposure from ingestion of treated crops. The apportionment of the RfD would, in general, 
provide additional guidance for risk managers of the various media- specific programs. 

Other Directions 

In addition to the development of reference doses, the U.S. EPA is pursuing other lines of investigation for 
systemic toxicity. For example, the Office of Air Quality Planning and Standards is using probabilistic risk 
assessment procedures for criteria pollutants. In this procedure, the population at risk is characterized, and the 
likelihood of the occurrence of various effects is predicted through the use of available scientific literature and 
of scientific experts' rendering their judgments concerning dose-response relationships. This dose-response 
information is then combined with the results of the exposure analysis to generate population risk estimates for 
alternative standards. Through the use of these procedures, decisionmakers are presented with ranges of risk 
estimates in which uncertainties associated with both the toxicity and exposure information are explicitly 
considered. The Office of Policy, Planning and Evaluation is investigating similar procedures in order to 
balance health risk and cost. In addition, scientists in the Office of Research and Development have initiated 
a series of studies designed to increase the reliability of risk assessments. They are investigating the use of 
extrapolation models as a means of estimating RfDs, taking into account the statistical variability of the 
NOAEL and underlying UFs. ORO is also exploring procedures for conducting health risk assessments that 
involve less- than-lifetime exposures. Finally, they are working on approaches to ranking the severity of 
different toxic effects. 

Hypothetical, Simplified Example of Determining and Using RfD 

Experimental RtJSults 
Suppose the U.S. EPA had a sound 90-day subchronic gavage study in rats with the data in Table 2. 

Analysis 

Determination of the Reference Dose (RfD) 
Using the NOAEL - Because the study is on animals and of subchronic duration, 

UF = 1 OH x 1 OA x 1 OS = 1000 (Table 1) 

In addition, there is a subjective adjustment (MF) based on the high number of animals (250) per dose group: 
MF = 0.8. These factors then give UF x MF = 800, so that 

RfD = NOAEL/(UF x MF) = 5/800 = 0.006 (mg/kg/day). 
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Table 2. Hypothetical Data to Illustrate the Reference Dose Concept 

Dose 
mg/kg/day 

0 

5 

25 

Observation 

Control-no adverse effects observed 

No statistically or biologically significant differences 
between treated and control animals 

% decrease• in body weight gain (not considered to be 
of biological significance); increased ratio of liver 
weight to body weight; histopathology indistinguishable 
from controls; evaluated liver enzyme levels 

20% decrease• in body weight gain; increased* ratio of 
liver weight to body weight; enlarged, fatty liver with 
vacuole formation; increased* liver enzyme levels 

.. Statistically significant compared to controls. 

Effect level 

NOEL 

NOAEL 

LOAEL 

Using the LOAEL • If the NOAEL is not available, and if 25 mg/kg/day had been the lowest dose tested that 
showed adverse effects, 

UF = lOH x lOA x lOS x lOL = 10,000 (Table 1). 

Using again the subjective adjustment of MF = 0.8, one obtains 

RfD = LOAEL/{UF x MF) = 25/8000 = 0.003 (mg/kg/day). 

Risk Characterization Considerations 
Suppose the estimated exposure dose (EED) for humans exposed to the chemical under the proposed use pattern 
were 0.01 mg/kg/day (i.e., the EED is greater than the RfD). Viewed alternatively, the MOE is: 

MOE = NOAEL/EED = 5 (mg/kg/day) I 0.01 (mg/kg/day) = 500. 

Because the EED exceeds the RfD (and the MOE is less than the UF x MF), the risk manager will need to look 
carefully at the data set, the assumptions for both the RfD and the exposure estimates, and the comments of the 
risk assessors. In addition, the risk manager will need to weigh the benefits associated with the case, and other 
non-risk factors, in reaching a decision on the regulatory dose (RgD). 
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APPENDIX I 

CHEMICALS AVAILABLE IN IRIS 



Page No. 
09!28/90 

USE ONLY FOR SCREENING Values from IRIS 9/,/90 
Consult IRIS for Update and Whenever Possible, Site Specific 

Lipid, Consumption and Bioaccumulation Factors Should be 

Used in Application of RAC in Regulatory Action. 

CAS Chemical 
nt.Wiber Name 

50000 For~~~aldehyde 

50293 p,p' -DDT 
50328 Benzo[a)pyrene 
51285 2,4-Dinitrophenol 
55185 N·Nitrosodiethylamine 
56235 Carbon tetrachloride 
56359 Tributyltin oxide 
56382 Parathion 
57125 Cyanide, free 
57249 Strychnine 
5n49 Chlordane 
58899 g~·Hexachlorocyclohexane 
58902 2,3,4,6·Tetrachlorophenol 
60297 Ethyl ether 
60515 Oi.ethoate 
60571 Dieldrin 
62384 Phenyl~rcuric acetate 
62533 Aniline 
62737 Oichlorvos 
62759 N-Ni trosodilllethylamine 
63252 carbaryl 
64186 Formic acid 
65850 Benzoic acid 
67561 Methanol 
67641 Acetone 
67663 Chloroform 
67721 Hexachloroethane 
70304 Hexachlorophene 
71363 n-Butanol 

RfO q1* 
mg/kg/day /mg/kg/day 

0.2 ** 
0.0005 
** ** 
0.002 
** 150 
0.0007 0.13 
0.00003 
** ** 
0.02 
0.0003 
0.00006 1.3 
0.0003 
0.03 
0.2 
0.0002 
0.00005 16 
0.00008 
** 0.0057 
0.0008 0.29 
** 51 
0.1 
2 
4 
0.5 
0.1 ** 
0.01 
0.001 0.014 
0.0003 
0.1 

1-1 

Esti.ated RAC <-all) RAC (~/l) 
SCF RL: 10E-6 Rl: 10£-6 
3l Lipid 0.0065 kg/day 0.020 kg/day 

Cons~t ion Cons~t ion 

40000 0.0001 0.00004 
10960 
5.2 4 
0.40 0.0002 0.00006 
29.72 0.003 0.0009 

87.6 

0.4 8 3 
3804 0.000002 0.0000007 
146.8 0.00002 0.000007 
416 0.8 0.3 
o.n 3000 900 
0.4 6 2 
32.04 0.00002 0.000007 
0.58 2 0.5 
0.64 2 0.7 
0.4 0.1 0.3 
0.4 0.0005 0.0002 
12.2 90 30 

4.92 9000 3000 
0.4 14000 4000 
0.4 
5.56 20 6 
700 0.001 0.0004 
40000 0.00008 0.00002 
0. 71 2000 500 



Page No. 2 
09/28/90 

USE ONLY FOR SCREENING Values from IRIS 9/1/90 
Consult IRIS for Update and Whenever Possible, Site Specific 

Lipid, Consumption and Bioaccumulation Factors Should be 
Used in Application of RAC in Regulatory Action. 

CAS Chelllical 
I'UIIber Name 

RfO q1* Esti~~ated RAC (mg/l) RAC (1119/l) 
mg/kg/day /mg/kg/day BCF Rl: 10E·6 Rl: 10E·6 

3% Lipid 0.0065 kg/day 0.020 kg/day 
Consumpt ion ConsiJIPtion 

71432 Benzene ** 0.029 7.84 0.05 0.01 
71556 1,1,1-Trichloroethane 0.09 14.52 70 20 
n208 Endrin 0.0003 ** 32.04 0.1 0.03 
n435 Methoxychlor 0.005 ** 2564 0.02 0.007 
ns48 p,p' -ooo ** 0.24 12840 0.000004 0.000001 
n559 p,p' ·DOE ** 0.34 40000 0.0000008 0.0000002 
74839 Br01110111ethane 0.0014 1.13 10 4 
74908 Hydrogen cyanide 0.02 
75058 Acetonitrile 0.006 0.4 200 50 
75070 Acetaldehyde ** ** 0.4 
75092 Oichlora.ethane 0.06 0.0075 1.54 0.9 0.3 
75150 Carbon disulfide 0.1 
75252 Bromofonn 0.02 0.0079 11.92 0.1 0.04 
75274 BrOMOdichloromethane 0.02 7.16 30 10 
75354 1,1·Dichloroethylene 0.009 0.6 7.44 0.002 0.0008 
75694 Trichlorononofluoromethane 0.3 13.36 200 80 

75718 Oichlorodifluora.ethane 0.2 6 400 100 
75876 Chloral 0.002 3.23 7 2 
75990 Oalapon, sodhn salt 0.03 2.31 100 50 
76131 CFC·11l 30 63.2 5000 2000 
76448 Heptachlor 0.0005 4.5 692 0.000004 0.000001 
71474 Hexachlorocyclopentadiene 0.007 ** 744 0.1 0.03 
77781 Dimethyl sulfate ** ** 0.4 
78002 Tetraethyl lead 0.0000001 
78488 Merphos oxide 0.00003 
78591 lsophorone 0.2 0.0041 9 0.3 0.09 
78831 Isobutyl alcohol 0.3 0.56 6000 2000 
78864 2-Chlorobutane ** ** 15.5 
78933 Methyl ethyl ketone 0.05 ** 0.4 1000 400 
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09!28!90 

CAS ChMical 
I"'UUIIber N8111e 

USE ONLY FOR SCREENING Values from IRIS 9/1/90 
Consult IRIS for Update and Whenever Possible, Site Specific 

lipid, Cons~tion and BioaccU~aJlation Factors Should be 

Used in Application of RAC in Regulatory Action. 

RfD q1* Esti.ated RAC C-s/l) 
mg/kg/day /mg/kg/day BCF Rl: 10E-6 

RAC ( 1119/l ) 
Rl: 10E-6 

3X Lipid 0.0065 kg/day 0.020 kg/day 
Cons~t ion Cons1.111pt ion 

79005 1,1,2-Trichloroethane 0.004 0.057 6.64 0.03 0.009 
79016 Trichloroethylene ** 0.011 9.84 0.1 0.03 
79061 Acryl•ide 0.0002 4.5 0.4 0.006 0.002 
79107 Acrylic acid 0.08 0.4 2000 700 
79221 Methyl chlorocarbonete ** 
79345 1,1,2,2-Tetrechloroethene ** 0.20 19.52 0.003 0.0009 
80057 Bishpenol A. 0.05 166.8 3 
81812 Warfarin 0.0003 4.76 0.7 0.2 
826118 Pen tech lor on i t robenzene 0.003 1160 0.03 0.009 
837'94 Rotenone 0.004 91.2 0.5 0.2 
84662 Diethyl phthalate 0.8 ** 17.2 500 200 
84720 Ethylphthalyl ethylglycolate 3 7.92 4000 1000 
84742 Dibutyl phthalate 0.1 ** 808 0.4 
85007 Diquet 0.0022 
85449 Phthalic anhydride 2 
85687 Butyl benzyl phthalate 0.2 ** 1120 2 0.6 
85701 Butylphthalyl butylglycolate 1 372.4 30 9 
86306 N-Ni trosodiphenyl•ine ** 0.0049 50 0.04 0.01 
87683 Hexachlorobutediene 0.002 0.078 397.2 0.0004 0.0001 
87821 HexabrOMObenzene 0.002 4560 0.005 0.002 
87865 Pentachlorophenol 0.03 1568 0.2 0.07 
88062 2,4,6-Trichlorophenol ** ** 106 
88857 Oinoseb 0.001 239.2 0.05 0.01 
91941 3,3'-dichlorobenzidine ** 0.45 117 0.0002 0.00007 
92524 1,1·Biphenyl 0.05 243.2 2 0.7 
92875 Benzidine 0.002 230 2.8 0.00002 0.000005 
93652 MCPP 0.003 48 0.7 0.2 
93721 2,4,5-TP 0.008 ** 143.2 0.6 0.2 
93765 2,4,5-TrichlorophenoKyacetic acid 0.01 81.6 0.4 
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CAS Chemical 
~r Name 

USE ONLY FOR SCREENING Values from IRIS 9/1/90 
Consult IRIS for Update and Whenever Possible, Site Specific 

Lipid, Consumption and Bioaccumulation Factors Should be 
Used in Application of RAC in Regulatory Action. 

RfO q1* Estimated RAC (Mg/1) 
mg/kg/day /mg/kg/day BCF RL: 10E·6 

RAC (1119/1) 
RL: 10E·6 

3X Lipid 0.0065 kg/day 0.020 kg/day 
Consumpt ion Consumpt ion 

94746 MCPA 0.0005 27.32 0.2 0.06 
94757 2,4·0ichlorophenoxyacetic acid 0.01 20.96 5 2 
94815 MCPB 0.01 50.4 2 0.7 
94826 4·(2,4-0ichlorophenoxybutyric acid 0.008 38.56 2 0.7 
95487 a-Cresol 0.05 ** 7.6 70 20 
95498 o-Chlorotoluene 0.02 88 2 0.8 
95501 1,2·0ichlorobenzene 0.09 ** 103 9 3 
95578 2-Chlorophenol 0.005 8.8 6 2 
95658 3,4-0imethylphenol 0.001 24.n 0.4 0.1 
95943 1,2,4,5-Tetrachlorobenzene 0.0003 1404 0.002 0.0007 
95954 2,4,5-Trichlorophenol 0.1 176.4 6 2 
96184 1,2,3-Trichloropropane 0.006 5.84 10 4 
98011 Furfural 0.003 0.54 60 20 
98077 Benzotrichloride ** ** 283 
98828 CUI!Iene 0.04 138 3 
98862 Acetophenone 0.1 2.82 400 100 
98953 N i t robenzene 0.0005 4.92 1 0.4 
99354 1,3,5-Trinitrobenzene 0.00005 1.93 0.3 0.09 
99650 •-Oinitrobenzene 0.0001 3.08 0.4 0.1 

100414 Ethylbenzene 0.1 ** 66.8 20 5 
100425 Styrene 0.2 29.24 80 20 
100447 Benzyl chloride ** 0.17 21.5 0.003 0.001 
100527 Benzaldehyde 0.1 2.42 500 100 
101213 Chlorproph .. (CIPC) 0.2 96.4 20 7 
101553 p-Bromodiphenyl ether ** ** 2179 
101611 44'Methylenebis(NN'dimethyl)aniline ** 0.046 888 0.0003 0.00009 
103231 Oi-(2-ethylhexyl)adipate 0.7 40000 0.2 0.06 
103333 Azobenzene ** 0.11 175.2 0.0006 0.0002 
105602 Caprolactam 0.5 0.4 10000 4000 

1-4 



Page No. 5 
09!28!90 

USE ONLY FOR SCREENING Values from IRIS 9/1/90 
Consult IRIS for Update and Whenever Possible, Site Specific 

Lipid, Consumption and Bioaccumulation Factors Should be 
Used in Application of RAC in Regulatory Action. 

CAS Chemical 
rulber Name 

RfD q1* Estimated RAC (mg/1) RAC (mg/1) 

106376 1,4-Dibromobenzene 
106445 p-Cresot 
106478 p-Chloroaniline 
106898 Epichlorohyddn 
106934 1,2-DibrOIIIOethane 
106990 1 ,3-Butadiene 
107028 Acrolein 
107051 Allyl chloride 
107062 1,2-Dichloroethane 
107131 Acrylonitrile 
107186 Allyl alcohol 
107211 Ethylene glycol 
107302 Chloromethyl methyl ether 
108101 Methyl isobutyl ketone 
108316 Maleic anhydride 
108394 111-Cresol 
108452 Ill-Phenylenediamine 
108883 To I uene 
108907 Chlorobenzene 
108918 Cyclohexylamine 
108941 Cyclohexanone 
108952 Phenol 
109693 1-Chlorobutane 
110009 Fur an 
110543 n-Hexane 
110861 Pyridine 
111444 Bis(chloroethyl)ether 
114261 Baygon 
115297 Endosulfan 

mg/kg/day /mg/kg/day BCF Rl: 10E-6 Rl: 10E·6 

0.01 
0.05 
0.004 
0.002 
** 
** 
** 
** 
** 
** 
0.005 
2 
** 
0.05 
0.1 
0.05 
0.006 
0.2 
0.02 
0.2 
5 
0.6 
** 
0.001 
** 
0.001 
** 
0.004 
0.00005 
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3X lipid 0.0065 kg/day 0.020 kg/day 

181.2 
** 7.6 

5.32 
0.0099 0.4 
85 3.76 

•• 
•• 
910 
0.54 

** 

** 

** 
** 

** 

•• 

1.1 

5.08 
0.4 
2.20 
2.26 
0.4 
0.4 
0.4 
0.4 
1.38 

7.6 
0.4 
25.52 
28 
1.92 
0.69 
2.33 
15.5 
1.75 
179 
0.53 
0.98 
2.81 

Consumption Consumption 

0.6 0.2 
70 20 
8 2 
3 0.9 
0.00003 0.00001 

0.000005 0.000002 
0.05 0.02 
100 40 
60000 20000 

400 100 

70 20 
200 50 
80 30 
8 3 
1000 400 
80000 30000 
3000 900 

6 2 

20 7 
0.01 0.003 
20 5 
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USE ONLY FOR SCREENING Values from IRIS 9/1/90 
Consult IRIS for Update and Whenever Possible, Site Specific 

lipid, Consut~ption and BioaccUII.Ilation Factors Should be 

Used in Application of RAC in Regulatory Action. 

CAS ChMical RfD q1* Esti .. ted RAC (-e/l) RAC ( ~~g/l ) 
numer N- lllg/kg/day /lllg/kg/day BCF Rl: 10E·6 RL: 10E-6 

31 Lipid 0.0065 kg/day 0.020 kg/day 
Consut~ption Consi.IIPt ion 

115322 Dicofol ** 0.44 9680 0.000003 0.0000008 
116063 Aldicarb ** ** 1.21 
117817 Bis(2-ethylhexyl)phthalate 0.02 0.014 40000 0.00002 0.000006 
118741 Hexachlorobenzene 0.0008 18800 0.0005 0.0001 
118967 2,4,6-Trinitrotoluene 0.0005 2.27 2 0.8 
120127 Anthracene 0.3 ** 550 6 2 
120616 Di~thyl terephthalate 0.1 11.56 100 30 

120821 1,2,4-Trichlorobenzene ** ** 383.6 
120832 2,4-Dichlorophenol 0.003 42 0.8 0.3 
121142 2,4/2,6·Dinitrotoluene •ixture ** 0.68 5.96 0.002 0.0009 
121697 N-N-Di~thylaniline 0.002 11.16 2 0.6 
121755 Malathion 0.02 3.83 60 20 
121824 RDX 0.003 0.11 
122349 Si•zine 0.002 ** 15.36 1 0.5 
122394 Diphenvl•ine 0.025 115.2 2 0.8 
122429 Proph• 0.02 18 10 4 
122667 1,2·Diphenylhydrazine ** 0.80 35.36 0.0004 0.0001 
123331 Maleic hydrazide 0.5 0.4 10000 4000 
123911 1,4-Dioxane ** 0.011 0.4 3 0.8 
124403 Di~thyl~ine ** ** 0.4 
124481 DibrOMOChloromethane 0.02 9.24 20 8 
126987 Methacrylonitrile 0.0001 0.42 3 0.8 
127184 Tetrachloroethylene 0.01 38.n 3 0.9 
129000 Pyrene 0.03 ** 1280 0.3 0.08 
131113 Dimethyl phthalate ** ** 2.51 
131895 4,6-Dinitro-o-cyclohexyl phenol 0.002 800 0.03 O.OfJ9 
133062 Captan 0.013 
133073 Folpet 0.1 0.0035 
133904 Chloramben 0.015 8.24 20 6 

1-6 
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USE ONLY FOR SCREENING Values from IRIS 9/1/90 
Consult IRIS for Update and Whenever Possible, Site Specific 

lipid, Consumption and Bioaccumulation Factors Should be 

Used in Application of RAC in Regulatory Action. 

CAS Chemical 
l"'l..llber Name 

137268 Thiram 
139402 Propazine 
141662 Bidrin 
141786 Ethyl acetate 
143339 Sodiu. cyanide 
145733 Endothall 
148185 Sodiu. diethyldithiocarbaMate 
150505 Merphos 
151508 PotassiUM cyanide 
156605 trans-1,2-Dichloroethylene 
206440 Fluoranthene 
298000 Methyl parathion 
298044 Disulfoton 
300765 Naled 
302012 Hydrazine/Hydrazine sulfate 
309002 Aldrin 
319846 alpha-Hexachlorocyclohexane 
319857 beta-Hexachlorocyclohexane 
319868 delta-Hexachlorocyclohexane 
330541 Oiuron 
330552 Linuron 
460195 Cyanogen 
504245 4-AIIinopyridine 
506616 Potassium silver cyanide 
506649 Silver cyanide 
506683 Cyanogen bromide 
506n4 Chlorine cyanide 
507200 t·Butylchloride 
510156 Chlorobenzilate 

RfD q1* 
mg/kg/day /mg/kg/day 

0.005 
0.02 
0.0001 
0.9 
0.04 
0.02 
0.03 
0.00003 
0.05 
0.02 
0.04 ** 
0.00025 
0.00004 
0.002 

** 3.0 
0.00003 17 
•• 6.3 
•• 1.8 
•• •• 
0.002 
0.002 •• 
0.04 
•• •• 
0.2 
0.1 
0.09 
0.05 

** ** 
0.02 

1-7 

Estimated RAC (mg/l) RAC {mg/l) 
BCF RL: 10E·6 Rl: 10E·6 
3X lipid 0.0065 kg/day 0.020 kg/day 

Consumption Consumption 

47.2 5 1 
0.4 3 0.9 
0.54 20000 6000 

0.4 600 200 

2.5 90 30 
1280 0.3 0.1 
25.48 0.1 0.03 
60 0.007 0.002 
65.9 0.3 0.1 

1638 0.0000004 0.0000001 
146.8 0.00001 0.000004 
146.8 0.00004 0.00001 
146.8 
23.56 0.9 0.3 
51.6 0.4 0.1 

0.4 

12.2 
434 0.5 0.2 
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USE ONLY FOR SCREENING Values from IRIS 9/1/90 
Consult IRIS_ for Update and Whenever Possible, Site Specific 

Lipid, Consumption and Bioaccumulation Factors Should be 

Used in Application of RAC in Regulatory Action. 

CAS Chemical 
l'lUN)er Name 

541731 1,3-Dichlorobenzene 
542621 Barium cyanide 
542756 1,3-Dichloropropene 
542881 Bis(chloromethyl)ether 
544923 Copper cyanide 
556887 Nitroguanidine 
556887 Nitroguanidine 
557211 Zinc cyanide 
563122 Ethion 
563688 ThalliUM acetate 
576261 2,6-Dimethylphenol 
592018 Calcium Cyanide 
598776 1,1,2-Trichloropropane 
608731 tech-Hexachlorocyclohexane 
608935 Pentachlorobenzene 
615543 1,2,4-Tribromobenzene 
621647 N-Nitrosodi-N-propylBMine 
630104 Selenourea 
630206 1,1,1,2-Tetrachloroethane 
709988 Propani l 
732116 Phosmet 
759944 S-Ethyl dipropylthiocarbamate 
765344 Glycidyaldehyde 
834128 Alnetryn 
886500 T erbut ryn 
924163 N·Nitroso-di-n-butylBNine 
930552 N-Nitrosopyrrolidine 
944229 Fonofos 
950378 Methidathion 

RfD ql* 
mg/kg/day /mg/kg/day 

** ** 
0.07 
0.0003 ** 
** 220 
0.005 
0.1 
0.1 ** 

0.05 
0.0005 
0.00009 ** 
0.0006 
0.04 
0.005 
0.003 1.8 
0.0008 
0.005 
** 7.0 
0.005 
0.03 
0.005 
0.02 
0.025 
0.0004 
0.009 
0.001 
** 5.4 
** 2.1 
0.002 
0.001 
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Estimated RAC (mg/l) RAC (mg/l) 
BCF Rl: 10E-6 RL: 10E-6 
3X lipid 0.0065 kg/day 0.020 kg/day 

Consumption Consumpt ion 

103 

2.94 
1.05 

191 

24.72 

17.4 
146.8 
5120 
524 
1.85 

39.72 
105.2 
15.2 
68.4 

40.4 
83.6 
12.68 
0.4 
193.6 

1 

0.00005 

0.03 

0.3 

3 
0.00004 
0.002 
0.1 
0.0009 

8 
0.5 
10 
4 

2 
0.1 
0.0002 
0.01 
0.1 

0.4 
0.00002 

0.009 

0.08 

1 
0.00001 
0.0005 
0.03 
0.0003 

3 
0.2 
4 

0.8 
0.04 
0.00005 
0.004 
0.04 
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CAS CheMical 
rullber Na.e 

USE ONLY FOR SCREENING Values from IRIS 9/1/90 
Consult IRIS for Update and Whenever Possible, Site Specific 

Lipid, Cons~tion and Bioaccu.ulation Factors Should be 
Used in Application of RAC in Regulatory Action. 

RfD qt* Esti .. ted RAC <-all) 
1119/kg/day trrra/kg/day BCF RL: 10E·6 

RAC ( 1119/l> 
RL: 10E-6 

3X Lipid 0.0065 kg/day 0.020 kg/day 

957517 Diphenan~id 
961115 Tetrachlorovinphos 

1024573 Heptachlor epoxide 
1071836 Glyphosate 
1116547 N·Nitrosodiethanola.ine 
1163195 DecabrOIIIOdiphenyl ether 
1314325 Thallic oxide 
1314621 VanadiUR pentoxide 
1314847 Zinc phosphide 
1330207 Xylenes 
1332214 Asbestos 
1336363 Polychlorinated biphenyls 
1445756 Di isopropyl methyl phosphonate 
1563662 Carbofuran 
1582098 Trifluralin 
1596845 Alar 
1610180 Prometon 
1646884 Aldicarb sulfone 
1689845 Bromoxyni l 
1689992 Bromoxyni l octanoate 
1861321 Dacthal 
1861401 Benef in 
1897456 Chlorothalonil 
1910425 Paraquat 
1912249 Atrazine 
1918009 Dicamba 
1918021 Picloram 
1918167 Propachlor 
1929m Vernam 

0.03 
0.03 
0.000013 9.1 
0.1 ** 
•• 2.8 
0 .. 01 ** 
** ** 
0.009 
0.0003 
2 

** 
** 
0.08 
0.005 
0.0075 
0.15 
0.015 
0.0003 
0.02 
0.02 
0.5 
0.3 
0.015 
0.0045 
0.005 
0.03 
0.07 
0.013 
0.001 

•• 
** 
7.7 

0.0077 

** 

1-9 

1o.n 
64.8 
11.n 

0.4 
40000 

0.4 
14.32 
1784 
0.4 
40.8 
0.4 
36.36 
5800 
327.6 
1784 
178.4 

26.96 
14.08 
11.56 
16.72 
179.2 

ConsU!ipt ion Cons~.J~Pt ion 

30 
5 
0.00009 

0.01 
0.003 

2000 
4 
0.0008 
4000 
4 
8 
6 
0.04 
20 
2 
0.9 

2 
20 
70 
9 
0.06 

10 
2 
0.00003 

0.003 
0.0009 

700 

0.0003 
1000 

3 
2 
0.01 
5 
0.6 
0.3 

0.6 
7 
20 
3 
0.02 
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USE ONLY FOR SCREENING Values from IRIS 9/1/90 
Consult IRIS for Update and Whenever Possible, Site Specific 

lipid, Consu.ption and Bioaccumulation Factors Should be 
Used in Application of RAC in Regulatory Action. 

CAS Chaical 
nullber NBIIIe 

RfD q1* EstiMated RAC C~/l) RAC (M&/l) 

1929824 Nitrapyrin 
2008415 Butylate 
2050477 p,p•-Dibra.odiphenyl ether 
2104645 EPN 
21641n FlUOIIeturon 
2212671 Molinate 
2303175 Triallate 
2310170 Phosalone 
2312358 Propargite 
2385855 Mirex 
2425061 Ceptafol 
2439103 Dodine 
2691410 Octehydro-1,3,5,7-tetranitro-1,3,5, 
2921882 Chlorpyrifos 
3337711 Asula~~~ 

3689245 Tetraethyldithiopyrophosphate 
5234684 Carboxin 
5902512 Terbacil 
6108107 epsilon-Hexachlorocyclohexane 
6533739 Thallium carbonate 
7287196 Pra.etryn 
74J9921 lead and cOIIIpOUnds 
7439965 Manganese 
7439976 Mercury, (inorganic) 
7440020 Nickel, soluble salts 
7440144 Radium 226 and 228 
7440144 Radium 228 (and 226) 
7440224 Silver 
7440360 Antimony 

-a/kg/day /-a/kg/day 

0.0015 
0.1 
** 
0.00001 
0.013 
0.002 
0.013 
0.0025 
0.02 
0.000002 
0.002 
0.004 
0.05 
0.003 
0.05 
0.0005 
0.1 
0.013 
** 
0.00008 
0.004 
** 
0.1 
** 
0.02 
** 
** 
0.003 
0.0004 

** 

** 
** 

** 
** 

** 
** 
2.6E-5/pCi/l 

J-1 0 

BCF Rl: 10E·6 Rl: 10E·6 
3X Lipid 0.0065 kg/day 0.020 kg/day 

consu.pt ion Cons~~~~pt ion 

79.2 0.2 0.07 
292 4 1 
11882 
648 0.0002 0.00005 
10.08 10 5 
35.28 0.6 0.2 
388 0.4 0.1 

752 0.00003 0.000009 

800 0.04 0.01 
0.4 1000 500 

3.37 300 100 
5.4 30 8 
146.8 

71.2 0.6 0.2 
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USE ONLY FOR SCREENING Values from IRIS 9/1/90 
Consult IRIS for Update and Whenever Possible, Site Specific 

Lipid, Consumption and Bioaccumulation Factors Should be 
Used in Application of RAC in Regulatory Action. 

CAS Chemical 
rtiJ!t)er N8111e 

RfO q1* Estimated RAC (mg/l) RAC (mg/l) 

7440382 Arsenic, inorganic 
7440393 Bari~ 
7440417 Berylti~ 
7440428 Boron (Boron and Borates ont y) 
7440439 Catili~ 
7440473 Chr~iUM<VI) 
7440508 Copper 
7440611 Uraniu., natural 
7446186 ThalliUI(I) sulfate 
m3140 White phosphorus 
7773060 ~i\111 sut ffiiiiBte 
7782414 Fluorine (soli.J)le fluoride) 
7783008 selenious acid 
7783064 Hydrogen sulfide 
7791120 Thalliua chloride 
7803512 Phosphine 
8001352 Toxaphene 
8001589 Creosote 
8007452 Cote oven eaissions 
8065413 Dfteton 

10102439 Nitric oxide 
10102440 Nitrogen dioxide 
10102451 Thalli~ nitrate 
10265926 Meth8Midophos 
10453868 Res.ethrin 
10595956 N·Nitroso·N-MethylethylaMine 
12035722 Nickel subsulfide 
12039520 Thalli\111 selenite 
121z26n zineb 

mg/kg/day /mg/kg/day 

** ** 
0.07 
0.005 4.3 
0.09 
** ** 
0.005 ** 
** ** 
** ** 
0.00008 ** 
0.00002 ** 
0.25 
0.06 
0.003 
0.003 
0.00008 ** 
0.0003 
** 1.1 
•• ** 
** 
0.00004 
0.1 
1 
0.00009 
0.00005 
0.03 
** 
** 
0.00009 
0.05 

** 

22 
** 
** 
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BCF Rl: 10E-6 Rl: 10E-6 
3X lipid 0.0065 kg/day 0.020 kg/day 

Consumpt ion Consumpt ion 

414 0.00002 0.000008 

0.4 1 0.4 
11900 0.03 0.009 
0.4 0.001 0.0004 
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USE ONLY FOR SCREENING Values from IRIS 9/1/90 
Consult IRIS for Update and ~enever Possible, Site Specific 

Lipid, Consumption and Bioaccumulation Factors Should be 
Used in Application of RAC in Regulatory Action. 

CAS Chemical 
~r Name 

RfO q1* EstiMated RAC (mg/1) RAC (mg/l) 
mg/kg/day /rrtg/kg/day BCF Rl: 10E·6 Rl: 10E·6 

3l lipid 0.0065 kg/day 0.020 kg/day 
Consumpt ion Consumpt ion 

12427382 Maneb 0.005 
13463393 Nickel carbonyl ** ** 
13593038 Quinalphos 0.0005 42.8 0.1 0.04 
13684634 Pherwediph.n 0.25 124 20 7 
14797558 Nitrate ** 
14797650 Nitrite 0.1 
148596n Radon 222 ** 1.81:·6/pCi/L 
15299997 Napropa111ide 0.1 156 7 2 
15972608 Alachlor 0.01 ZZ6 0.5 o.z 
16065831 Chra.iu.(lll) 1 
16672870 Ethephon 0.005 
16752n5 Meth~l 0.025 
17804352 BenoiiiYI 0.05 
19044883 Oryzalin ** 31.1 
19408743 Hexachlorodibenzo·p·dioxin mixture ** 62.00 
19666309 Oxadiazon 0.005 
20859738 Al'--ii'UI Phosphide 0.0004 
21087649 Metribuzin 0.025 
21125462 Cyanazine 0.002 3.64 6 2 
22224926 Fenamiphos 0.00025 21.5 0.1 0.04 
22967926 Methyl .ercury 0.0003 
23135220 ox-v l 0.025 
23564058 Thiophanate·Methyl 0.08 2.92 300 100 
23950585 Pron.wide 0.015 33.92 20 8 
24307264 Mepiquat chloride 0.03 
25051890 Bentazon 0.0025 
25329355 Pentachlorocyclopentadiene ** ** 
26628228 Sodiun azide 0.004 
27314132 Norflurazon 0.04 

1-12 



Page No. 13 
09!28/90 

USE ONLY FOR SCREENING Values from IRIS 9/1/90 
Consult IRIS for Update and Whenever Possible, Site Specific 

Lipid, Consumption and Bioaccumulation Factors Should be 

Used in Application of RAC in Regulatory Action. 

CAS Chemical RfD q1* Estimated RAC (mg/1) RAC (mg/t) 
I"'UUCer Name mg/kg/day /mg/kg/day BCF Rl: 10E·6 RL: 10E·6 

3X Lipid 0.0065 kg/day 0.020 kg/day 
Consumption Consumption 

28249n6 Th i obencarb 0.01 71.6 2 0.5 
29232937 PiriMiphos-~thyl 0.01 66.7 2 0.5 
30560191 Acephate •• 0.0087 0.4 3 
32534819 PentabrOIIOdi phenyl ether 0.002 •• 
32536520 Octabromodiphenyl ether 0.003 ** 
33089611 Alnitraz 0.0025 
33820530 lsopropatin 0.015 5520 0.03 0.01 
34014181 Tebuthiuron 0.07 0.4 2000 600 
35367385 Oiflubenzuron 0.02 44.8 5 2 
35554440 lmazalit 0.013 19.84 7 2 
36483600 Hexabromodiphenyl ether •• •• 
36734197 lproclione (Rovral) 0.04 
39148248 Fosetyl·al 3 •• 
39515418 Oanitol 0.0005 5170 0.001 0.0003 
39638329 Bis(2-chloroisopropyl) ether 0.04 21.9 20 6 
4008847'9 TetrabrOIIOdiphenyl ether ** ** 
40487421 Pendi~thalin (Prowl) 0.04 3416 0.1 0.04 
41851507 Chlorocyclopentadiene ** ** 
42874033 Oxyfluorfen 0.003 11040 0.003 0.001 
43121433 Bayleton 0.03 39.28 8 3 
43222486 Difenzoquat 0.08 
49690940 Tribromodiphenyl ether ** ** 
50471448 Vinclozolin 0.025 
51218452 Metolachlor 0.1 ** 252.4 4 
51235042 Hexazinone 0.033 348.4 0.3 
51630581 Pydrin 0.025 35200 0.008 0.002 
52315078 Cypermethrin 0.01 10320 0.01 0.003 
52645531 Permethrin 0.05 40000 0.01 0.004 
55285148 Carbosulfan 0.01 

1-13 
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USE ONLY FOR SCREENING Values from IRIS 9/1/90 
Consult IRIS for Update and Whenever Possible, Site Specific 

Lipid, Consumption and Bioaccumulation factors Should be 

Used in Application of RAC in Regulatory Action. 

CAS Chetnical 
nunber Name 

RfD q1* Estimated RAC (mg/l) RAC (-s/l) 

55290647 Dimethipin 
57837191 Metalaxyl 
58138082 Tridiphane 
59756604 F luridone 
60207901 Propiconazole 
60568050 Furmecyclox 
62476599 SodiUM acifluorfen 
63936561 Nonabromodiphenyl ether 
64902n3 Chlorsul furon 
65195553 Avermectin 81 
66215278 Cyra.azine 
66332965 Flutolanil 
66841256 Trala.ethrin 
67485294 Allldro 
67747095 Prochloraz 
68085858 Cyhalothrin/Karate 
68359375 Baythroid 
69409945 Flwal inate 
69806402 Haloxyfop-.ethyl 
72128020 F0111esafen 
72128020 FOIIIHafen 
74051802 Sethoxydill 
74115245 Apollo 
74223646 Ally 
76578148 Assure 
76738620 Paclobutrazol 
77182822 Glufosinate-81111100ilJI 
m23843 Trichlorocycloperitadiene 
m23854 Tetrachlorocyclopentadiene 

mg/kg/day /mg/kg/day 

0.02 
0.06 
0.003 
0.08 
0.013 
** 
0.013 
** 
0.05 
0.004 
0.0075 
0.06 
0.0075 
0.0003 
0.009 
0.005 
0.025 
0.01 
0.00005 
** 
** 
0.09 
0.013 
0.25 
0.009 
0.013 
0.0004 
** 
** 

** 

0.030 

** 

0.15 

0.19 
0.19 

** 
** 
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BCF RL: 1DE-6 RL: 10E-6 
3X Lipid 0.0065 kg/day 0.020 kg/day 

Consumpt ion Cons~tion 

24.1 30 9 

1856 0.5 0.2 

19.0 30 9 

0.54 200 50 

40000 0.002 0.0007 

10700 0.005 0.002 
40000 0.007 0.002 
40000 0.003 0.0009 



Page No. 15 
09/28/90 

CAS Chetnical 
IU!Oer Malle 

71501634 Lactofen 
78587050 Savey 
792m73 HarJIIOnY 
813353n IMzaquin 
81335715 Pursuit 
82558507 lsoxaben 
82657043 Biphenthrin 
83055996 londax 
85509199 NuStar 
88671890 Systhane 

USE ONLY FOR SCREENING Values from IRIS 9/1/90 
Consult IRIS for Update and Yhenever Possible, Site Specific 

Lipid, Consumption and Bioaccunulation Factors Should be 
Used in Application of RAt in Regulatory Action. 

RfO q1* Estilll8ted RAt (mg/l) RAC (mg/l) 
mg/kg/day /mg/kg/day BCF Rl: 10E-6 Rl: 10E-6 

3X Lipid 0.0065 kg/day 0.020 kg/day 
Consumpt ion Consumpt ion 

0.002 
0.025 
0.013 
0.25 
0.25 ** 
0.05 
0.015 40000 0.004 0.001 
0.2 
0.0007 
0.025 

90982324 Chlori.uron-ethyl 0.02 
101200480 Express 0.008 
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RESPONSIVENESS SUMMARY 

General 

1. The TSD needs to be peer reviewed. 

EPA Response: We feel EPA has provided ample opportunity for 
review of the TSD. The Williamsburg workgroup met in 
December, 1988, and was composed of a diverse group of people 
from EPA Regions, states, environmental groups, trade 
associations, academia, private industry, and municipalities. 
This group was formed to determine what changes were needed 
in the document. Based on the workgroup's inputs, EPA 
produced a first draft TSD in November, 1990. This draft was 
sent out to workgroup members, and anyone else upon request, 
for review and comment. EPA considered each comment and made 
changes to the document. A second revised draft TSD was 
noticed in the Federal Register on May 11, 1990. over 2500 
copies of the new draft were sent out. Between the two 
drafts, we received 120 comments from a diverse group of 
people. EPA considered each individual comment and made 
changes to the document where necessary. 

2. The TSD doesn't apply to cso discharges. 

EPA Response: We acknowledge that the TSD was written with 
continuous discharges in mind. However, there is no reason 
why the general concepts and some of the recommendations of 
the TSD cannot be extended to cso or other rainfall related 
discharges. The dynamic model applications in the TSD have 
been used over the last 10 years to address water quality 
problems related to CSOs. EPA believes that this model can 
also be applied to address toxic problems with CSOs. 

Chapter 1: Approaches to water Quality-based Toxics control 

overview: Added more information and clarification to support 
EPA's position with regard to the major issues addressed in the 
comments. 

1. The cause and effect relationship between effluent toxicity 
and instream impacts is not adequately documented, and other 
factors that may cause instream impacts have not been 
addressed. EPA's use of the CETTP studies was criticized. 
EPA Response: The revised draft TSD has been changed to 
include more documentation to support our position on the 
cause and effect relationship between effluent toxicity and 
instream impacts. Supporting information on a study con
ducted on the Trinity River in Texas was added as well as more 
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detailed explanation of the CETTP studies. EPA evaluated the 
results of the CETTP studies, the North Carolina studies, and 
the Trinity River study and found that if toxicity is present 
after considering dilution, instream impact will also be 
present. EPA's finding is now clearly stated in the TSD and 
referenced. The TSD now includes a discussion of Parkhurst's 
major criticisms of the CETTP studies and why EPA feels those 
criticisms are unfounded. The TSD also acknowledges that 
biological, physical, and chemical factors of the community 
can influence the actual effects that effluent toxicity may 
cause in the receiving water. 

2. Toxicity test method precision is too variable to be used in 
NPDES permits. 

EPA Response: The revised draft includes all available 
precision data for both acute and chronic toxicity tests; this 
includes intralaboratory and all available interlaboratory 
test results. Raw precision data is presented in table form 
in Appendix A and discussed within the chapter. EPA 
evaluations, as well as published literature reviews which 
include estimates of whole effluent precision data are 
presented. EPA is comfortable with the conclusion that whole 
effluent toxicity tests are no more variable than chemical 
analytical methods and therefore stands behind the 
recommendation that toxicity test methods be used in NPDES 
permits. 

The same data contained in the TSD has been used by EPA in 
proposing adoption of the toxicity methods into EPA's reg
ulations at 40 CFR 136. The toxicity methods were proposed 
for adoption on December 4, 1989. Comments were received and 
will be answered upon notice of EPA's decision regarding these 
methods. The decision is expected in April 1991. 

3. The biological criteria/bioassessment approach is not yet part 
of EPA's water quality regulations and should not yet be used 
in the regulatory process. For the best assessment of sources 
and causes, EPA should use a "weight-of-evidence approach." 

EPA Response: As previously stated in the TSD (per section 
131.11 (b) (2) of the Water Quality Standards Regulation) , 
biological criteria can supplement existing chemical-specific 
criteria and provide an alternative to chemical-specific 
criteria where such criteria cannot be established. To 
acknowledge the current evolving status of the use of bio
criteria, EPA's statement in the TSD has been revised to read: 
"To better protect the biological integrity of aquatic 
communities, EPA recommends that States begin to develop and 
implement biological criteria in their water quality stand
ards." 
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EPA does not agree with use of the "weight-of-evidence 11 

approach in this context because biosurveys are too complex 
to override the other two methods (i.e., chemical-specific 
and whole effluent toxicity). The TSD now explains EPA • s 
position that the concept of "independent application" be 
applied to water quality-based situations. Since each method 
has unique as well as overlapping attributes, sensitivities, 
and program applications, no single approach for detecting 
impact should be considered uniformly superior to any other 
approach. For example, the inability to detect receiving 
water impacts using a biosurvey alone is insufficient evidence 
to waive or relax a permit limit established using either of 
the other methods. The most protective results from each 
assessment conducted should be used in the effluent 
characterization process (Chapter 3) . The results of one 
assessment technique should not be used to contradict or 
overrule the results of the other(s). 

However, EPA recognizes that there are instances when the 
whole effluent, chemical specific, and biological criteria 
approaches will give disparate results. The TSD was revised 
to recommend that permitting authorities use a more complex 
way to assess excursions beyond standards and establishing 
permit limits to provide assurance that simplifying assump
tions are not the cause of the apparent discrepancy. The TSD 
also now includes examples of where the whole effluent 
toxicity test protocols may conflict with critical environ
mental parameters to lead to an apparent disparity between 
the whole effluent toxicity and chemical specific approaches. 

4. The problem of false positives (i.e., instream impact pre
dicted by toxicity test where none exists) is not addressed. 

EPA Response: The revised draft TSD now addresses the problem 
of toxicity test interferences caused by environmental 
parameters and explains that there may be a few unusual 
situations where the pH, temperature, hardness, salinity, and 
solids requirements of the testing procedures differ greatly 
from the worst environmental conditions for these parameters. 
In these situations, the effluent toxicity tests may either 
over or under predict the toxicity in the ambient receiving 
water. An example of this is where ammonia is present and the 
highest expected ambient water temperature is 20°C whereas the 
chronic toxicity test must be conducted at 25°C. Since a 
higher temperature causes more ammonia toxicity, the 
temperature requirements of the test may induce toxicity not 
found in the ambient water. In such an instance, the 
regulatory authority must carefully look at the test protocols 
and all the data collected to determine if the facility is 
actually contributing to toxicity in the ambient water. A 
toxicity identification evaluation (TIE) may be necessary to 
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make this determination. If this analysis shows a toxicity 
test result to be artificial due to environmental parameters, 
then that test should be overridden by subsequent toxicity 
tests conducted. 

s. current standard algal toxicity test methods lack the ability 
to provide useful data on the ecological impact of a discharge 
and should not be recommended as a test species. EPA should 
recommend three species representing two different phyla be 
used for toxicity testing. EPA's recommendation to use 
surrogate (rather than resident) species in toxicity testing 
as being more protective seems contrary to the site specific 
nature of the permitting process. 

EPA Response: To address concerns with the algal test and to 
allow more flexibility in testing, the recommendation in the 
TSD has been changed to "fish, invertebrate, and plant." EPA 
will not modify its recommendation to include only 2 phyla. 
EPA's objective in requiring 3 species from 3 different phyla 
is to be predictively protective. 

The TSD 's discussion of the use of surrogate species was 
expanded to explain that to use a resident organism, a 
facility would have to develop a protocol to culture the 
organism and to assess intra- and inter-laboratory variabil
ity. Such testing is more costly, more difficult, and 
potentially subject to more variability (disease, age, etc.) 
than standardized testing. In any case, organisms collected 
directly from the receiving water itself should never be used 
because their health cannot be assured. 

6. More documentation is needed for the statement that the "IC25 
is approximately the analogue of an NOEC." Before EPA makes 
such a broad ranging recommendation, there must be sufficient 
data to establish an overall relationship. 

EPA Response: The language in the revised draft has been 
clarified to better explain what an IC25 is and how it is 
calculated. EPA believes that there is sufficient data to 
support the statement that the "IC25 is approximately the 
analogue of an NOEC. 11 The data in Appendix A is presented so 
that both hypothesis testing and IC25 calculations of an NOEC 
can be compared. A statistical analysis using minimum 
significant differences is graphically presented in Figure 1-
1. Figure 1-1 shows that an NOEC calculated using the IC25 
is comparable to an NOEC calculated using hypothesis testing, 
and that the relationship is statistically sound. 
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7. The data in the TSD shows that whole effluent toxicity is not 
additive. 

EPA Response: The cited article in the TSD and the TIE data 
were reviewed. These data support EPA's position that acute 
toxicity is additive. However, the data do not support 
addi ti vi ty of chronic toxicity. Therefore, the TSD was 
changed to reflect this. 

a. There are insufficient chemical-specific field data to support 
that exceedances of the criteria cause instream impacts. 
EPA Response: The field studies referenced in Chapter 1 for 
chemical specific criteria investigations were conducted over 
twenty years ago. The field investigators dosed a stream with 
toxicants to measure the response. This approach is not 
possible today because it would violate the States water 
quality standards. Since that time, EPA has developed a 
method of using laboratory toxicity data on specific chemicals 
to derive data. 

Chapter 2: Water Quality Criteria and standards 

overview: Revised introduction to summarize key regulatory 
requirements; reorganized into clearly defined aquatic life and 
human health discussions; added more information on what should be 
considered when allowing mixing zones; added more in-depth 
discussion of criteria for human health protection. 

1. Water quality criteria are not reliable due to data gaps or 
errors in derivation. site-specific criteria should not be 
limited to being more stringent than the national criteria. 

EPA Response: Changing the general procedure for deriving WQ 
criteria is not within the scope of the TSD. In the near 
future EPA expects to re-examine the general procedures for 
deriving aquatic life criteria, and will request public 
comment thereon. While EPA requests public comment on all WQ 
criteria documents before publishing them in final form, EPA 
accepts comment on criteria at any time and can correct errors 
through criteria summary documents that it distributes from 
time to time. Finally, there is no Ayency policy, set forth 
in the TSD or elsewhere, that prevents state-wide or site
specific criteria from being less stringent than the national 
criteria. 

2. Provide more clarity on how to prohibit lethality within the 
mixing zones? 

EPA Response: The TSD has been amended to clarify the goals 
of EPA's recommendations on mixing zones. It now states that 
mixing zone conditions should not be lethal to organisms 
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passing through it. Survival of organisms that might wish to 
reside permanently in a mixing zone is not assured by past or 
current policy. 

Because the chronic criteria may be exceeded at the end of 
the pipe there is a potential for lethality to sensitive 
organisms that attempt to reside permanently in the mixing 
zone. Part of the intent of the recommendations of the 1985 
TSD and 1991 TSD is to protect the survival of organisms 
passing through the mixing zone. In all cases, exposures to 
concentrations above the CCC and CMC cannot be correctly 
interpreted without accounting for the duration of exposure. 

3. The TSD is flawed because it assumes that mixing zones exist. 
The Great Lakes water Quality Agreement precludes use of flow 
augmentation as a substitute for adequate treatment. 
EPA Response: The TSD recommendations in no way authorize 
mixing zones where otherwise prohibited. In addition, the 
recommendations on mixing zones do not advocate management of 
reservoirs for flow augmentation. 

4. TSD should at a minimum be against mixing zones for per
sistent and bioacccumulative toxicants, and the burden of 
justifying mixing zones for non-persistent and non-bio
acccumulative toxicants should be on the discharger. The 
Great Lakes Water Quality Agreement calls for zero discharge 
of pollutants and elimination of persistent and bioaccumu
lative toxicants. The Clean Water Act also has a goal of zero 
discharge of pollutants. 

EPA Response: The TSD continues to note that EPA regulations 
allow mixing zones at the discretion of the State. The TSD 
also discusses options that should be considered when 
determining whether to allow mixing zones for aquatic life and 
human health protection. For protection of aquatic life, a 
mixing zone may be permitted as long as its size is 
sufficiently limited that it does not significantly impair 
the integrity of the water body as a whole, and it does not 
cause lethality to organisms passing through the mixing zone. 
For protection of human health, mixing zones should be 
restricted such that they do not encroach on areas often used 
by the public for fishing, and particularly where stationary 
species such as shellfish are harvested; mixing zones may also 
be restricted to compensate for uncertainties in the 
protectiveness of the water quality criteria or uncertainties 
in the assimilative capacity (TMDL) of the water body. 

Bioaccumulative pollutant problems are not fundamentally 
caused by mixing zones. Bioaccurnulation is generally a 
system-wide problem that occurs when the appropriate TMDL for 
a water body as a whole is exceeded. Consequently, EPA does 
not consider mixing zone restrictions to be the best mechanism 
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for addressing such problems. However, eliminating m~x~ng 
zones can ·be used as a device to further reduce the loading 
below the TMDL, although the results are not as predictable 
as a direct reduction of the TMDL would be. Chapter 2 has 
been now been modified to state the factors that should be 
considered in judging whether a mixing zone causes significant 
health or ecological risks. 

It sbould be noted that the TSD deals with WQ based effluent 
limits (i.e., those needed to protect aquatic life and human 
health), implemented primarily under the specific require
ments of Sections 301, 303, and 304 of the CWA. Under this 
framework, zero discharge of pollutants is generally required 
where the water quality standard or the Total Maximum Daily 
Load is set at zero. 

5. The TSD should allow mixing zones for all toxicants includ
ing bioaccumulative pollutants. Furthermore, fate processes 
(such as sedimentation or decay) that occur within mixing 
zones should be taken into consideration. 

EPA Response: The TSD now sets forth specific conditions 
under which denial of mixing zones would be appropriate. EPA 
regulations also allow (while neither encouraging nor 
discouraging) states to use mixing zones. The recommenda
tions of the TSD implicitly discourage consideration of fate 
processes such as sedimentation or decay. Mixing zones are 
an allowance for variations in concentration due to incom
plete mixing, over small spatial scales, usually too small 
for fate processes to significantly reduce concentrations. 

6. Limiting all dischargers to 0.3 TUa is akin to a technology 
based approach such as a 30 mg/L BOD or suspended solids 
limit. The TSD should consider the resulting instream water 
quality. 

EPA Response: The mixing zone discussion has been modified 
to provide different alternatives for assuring that instream 
goals and standards .are met. Not exceeding 0.3 TUa at the 
end of the pipe is one of the recommended ways to assure 
survival of organisms passing through the mixing zone. 
Nevertheless, the discussion has been modified to de
emphasize the technological requirements and emphasize the 
attainment of instream goals. 

7. EPA should provided more information on the tests it used to 
arrive at an LCSO/LCl ratio of 0.3. According to the data 
presented in the TSD, the 0.3 ratio is overly conservative in 
most cases. 

EPA Response: The magnitude of the acute WET criterion is 
based on data collected from a number of facilities in EPA 
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Region 4. These data show that 90% of the facilities 
exhibited an LC1 which was no less than 0.3 times the LC50. 
This is different from the 0. 5 factor used to derive a 
chemical specific acute criterion. 

8. The acute toxicity criterion of 0.3 TUa is below detection. 
How would it be implemented? 

BPA Response: The implementation of this criterion would be 
identical to that used for specific chemicals. This imple
mentation is expressed in Chapter 5. 

9. The 1-hour averaqinq period for the acute criteria (CHC) is 
overly restrictive, does not correspond to the 48-96 hour 
toxicity tests, and cannot be modeled with existinq EPA WQ 
models. Elsewhere in the document, EPA indicates that 24 
hours is an appropriate averaqinq period for modelinq 
purposes. Both concentration and exposure time are import
ant, since for many toxicants the 96-hour LCSO is dramati
cally hiqher than the 1-hour LCSO. The 1-hour averaqinq 
period is technically unsupported by the limited information 
presented. EPA appears to have edited the data presented in 
Appendix D to include only those data that support the 1-hour 
averaqinq period. EPA should presen.t all available data on 
the effect of exposure duration on toxicity. 

EPA Response: EPA agrees that both concentration and exposure 
time are important. The TSD has now been modified to note 
that the 1-hour averaging period is based on ammonia, a fast
acting toxicant. As the 1-hour averaging period was intended 
to be protective even for the fastest acting toxicants, it may 
be overly conservative for many pollutants. Consequently, the 
TSD recommends allowance for site-specific (or chemical
specific) modification of the averaging periods. Alternative 
averaging periods can be developed from data on the time 
course of mortality in acute toxicity tests. 

EPA expects that for many pollutants, such site-specific or 
state-wide alternative averaging periods, if developed using 
adequate data, may be greater than the period recommended for 
national criteria. Furthermore, EPA recognizes that a 24-
hour acute averaging period may be appropriate in some 
modeling contexts, where concentrations do not change rapidly 
over short time periods. 

While Appendix D of the TSD presents some examples of 
pollutants for which a short averaging period, on the order 
of hours, might be appropriate, the TSD was not intended as 
the mechanism by which EPA would develop a rationale for the 
acute averaging period. The averaging periods were set forth 
in 1985 in the "Guidelines for Deriving ... National Criteria". 
In the near future EPA intends to review and perhaps modify 
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the Guidelines, and may at that time consider the feasibility 
of different acute averaging periods for different chemicals. 

10. The rationale for the 4-day averaging period is weak. Chronic 
toxicity tests for most species require much longer than four 
days. The field studies presented in Chapter 1 indicate that 
longer term excursions are needed to produce ecological 
effects. EPA inappropriately picked examples of pollutants 
with low acute-chronic ratios to justify the 4-day averaging 
period. A 30-day averaging period (per the freshwater ammonia 
criteria document) should be acceptable, particularly in cases 
where concentrations do not change rapidly. 

EPA Response: The TSD has been modified to note that EPA 
selected the 4-day chronic averaging period based on the 
shortest period that chronic effects may be observed for 
certain chemicals. 

As the 4-day period was selected for provide adequate 
protection in all cases, EPA recognizes that longer averag
ing periods may be appropriate for many pollutants, and 
recommends using site-specific or state-wide pollutant
specific alternative averaging periods, where scientifically 
supported. EPA believes that selection of an appropriate 
chronic averaging period is technically difficult, with less 
applicable data than is available for selecting the acute 
averaging period. EPA agrees that the acute-chronic ratio is 
a confounding influence in interpreting the duration needed 
to produce a chronic effect endpoint. Where an appropriate 
acute criterion is in force, the chronic averaging period need 
not be shortened simply because the acute-chronic ratio is 
low. 

The TSD does not supersede the freshwater ammonia criteria 
document, and thus EPA still recommends an averaging period 
of as long as 30 days for ammonia, where concentrations do 
not vary excessively. 

11. EPA • s recommended once in three year return frequency for 
criteria excursions is overly conservative. Appendix D 
presents time periods needed for ecological recovery from 
severe or catastrophic stresses, not slight stresses caused 
by marginal criteria excursions. The frequency of signif
icant criteria excursions, comparable to those that caused 
the measurable ecological impacts set forth in Chapter 1, 
would be much less than for marginal criteria excursions. 
EPA should present data on the ecological differences between 
sites with different excursion frequencies. EPA should 
develop guidance on how to establish site-specific allowable 
frequencies. 
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EPA Response: EPA has used Appendix D to set forth informa
tion on time periods needed for ecological recovery from 
severe or catastrophic stresses. EPA's recommended 3-year 
return interval was set forth in the 1985 "Guidelines for 
Deriving Numeric National Criteria ..• ", and a review or 
revision of this recommended frequency was not within the 
scope of the TSD. Nevertheless, EPA intends to address the 
excursion frequency during the upcoming revision of the 
Guidelines. 

EPA expects that criteria exceedances can cause adverse 
effects and that the magnitude of the effect will depend on 
many things including the magnitude and duration of the 
exceedance. EPA believes that all adverse effects are not 
necessarily unacceptable, but that pollution should not be 
allowed to subject aquatic communities to long-term or regular 
.short-term adverse effects. All dramatic adverse effects are 
certainly unacceptable. 

EPA believes that the 3-year return interval can be justified 
by the Appendix D data if one makes the assumption that the 
type of ecological impact shown in Appendix D could be caused 
by fairly small criteria excursions. The concentrations 
causing the Appendix D impacts were in fact not known. EPA 
recognizes that the chemical and ecological field data 
summarized in Chapter 1 suggest that successive excursions 
well above the criteria would be needed to cause severe 
impacts. EPA also recognizes that the probability of large 
excursions can be calculated to be extremely small compared 
to the probability of marginal excursions. 

EPA does not have information to allow direct comparisons of 
ecological quality versus criteria excursion frequency, except 
possibly as could be inferred from the field data shown in 
Chapter 1. EPA does not intend at this time to set forth 
guidance on developing site-specific allowable frequencies. 

Nevertheless, in general, EPA recommends that ecosystems not 
spend a substantial portion of time in a state of recovery 
from pollution stresses, and that pollution stresses not 
significantly increase the total stress experienced by 
organisms in the ecosystem. If the criteria are set appro
priately, a marginal excursion might be expected to have 
little or no measurable impact, and little or no time period 
needed for recovery. The probability of a marginal criteria 
excursion nevertheless has a calculable relationship with the 
probabilities of severe criteria excursions. Consequently, 
a scientifically justified site-specific or state-wide 
frequency could be developed by considering (a) the 
probability (estimated by simulation or by statistical 
calculation) of a range of excursions of differing severity, 
coupled with (b) the estimated ecological recovery period for 
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the corresponding different degrees of impact. Based on the 
total period of recovery from a full range of possible events, 
compared with the sum of return intervals for such events, the 
allowable frequency for the marginal criterfa excursion could 
be established. 

12. The once in three year excursion frequency does not take into 
consideration the likelihood of apparent excursions caused by 
the inherent variability of the analytical tests. 

EPA Response: The allowable frequency for criteria excur
sions should refer to true excursions of the criteria, not to 
spurious excursions caused by analytical variability or error. 
In evaluating data on chemical concentrations or toxicity 
units, it is desirable to subtract the analytical error log 
variance from the observed log variance in order to arrive at 
the true log variance contributing to criteria excursions. 

13. The IRIS (Integrated Risk Information system) data base should 
be peer reviewed before it is used to update and generate 
RACs. The TSD should not imply that a state can update its 
standards simply by inserting the latest IRIS information into 
the equation used to calculate the criteria. 

EPA Response: EPA's IRIS data base reflects the latest 
information about the Agency's. health assessments for specific 
chemicals. While the material in the data base is internally 
reviewed, the Agency does not plan to have it undergo external 
peer review. Use of IRIS information for developing state 
water quality standards or discharge permits in no way 
relieves the State of applicable requirements for public 
notice and comment. 

14. The fish consumption rates used to derive residue-based 
criteria and RACs are unrealistically high for many waters. 

EPA Response: EPA recommends using site-specific fish 
consumption rates whenever such information can be obtained. 

15. The harmonic mean is not an appropriate design flow. The 
arithmetic mean flow should be used. 

EPA Response: For carcinogens it is appropriate to determine 
the long-term arithmetic mean exposure concentration. Because 
flow is not normally distributed, using the arithmetic mean 
flow for design purposes will underestimate the mean 
concentration. 

Using the downstream harmonic mean flow will result in closely 
estimating the mean concentration, providing that the 
streamflow is not dominated by the effluent flow, and provided 
that the effluent input is not correlated to the streamflow. 

11 



16. Discussion of sediment criteria and biological criteria is 
premature. The TSD should not advocate that states and 
regions implement regulatory controls based on such criteria. 

EPA Response: The biological criteria and sediment criteria 
sections have been modified. EPA has undertaken development 
of biological criteria and sediment criteria with the intent 
that they would, after development, have regulatory applica
tions. 

EPA does not . intend to imply that these approaches can or 
should necessarily be used at this time to implement con
trols. Nevertheless, EPA believes that the states, the 
regulated community, and the interested general public need 
to know how EPA is proceeding with these criteria, and what 
the future regulatory implications may be. EPA is not 
advocating that sedimeRt criteria, by themselves, be used to 
establish remediation target levels. EPA also recognizes that 
sediment criteria cannot be used for setting discharge limits 
without first developing a scientifically sound basis for 
predicting the effect of effluent quality on sediment quality. 
EPA is not suggesting that sediment quality concerns would 
necessarily be more limiting on dischargers than water quality 
concerns. 

17. Aquatic life protection as measured by whole effluent toxicity 
and chemical specific criteria are not applicable to waters 
without aquatic life designated uses. 

EPA Response: The TSD explains that numeric water quality 
criteria are developed by States to protect the designated 
uses within the water quality standards. However, the TSD 
also reiterated EPA's position, as expressed in the June 2, 
1989, Federal Register preamble on the 304(1) promulgation 
was added, that the narrative criteria apply to all waters to 
prohibit acute toxicity. 

18. The food chain multiplier factors in the RAC calculation 
should be deleted because it is contrary to measured levels 
and BCF estimations. 

EPA Response: The differences between bioconcentration and 
bioaccumulation have been recognized in the scientific 
literature for a number of years. Data published by Thomann 
in Environmental Science and Technology (June 1989) show that 
bioaccumulation can be over 100 times higher than 
bioconcentration. Published critiques on EPA's dioxin 
criterion have also expressed that bioaccumulation is more 
important than bioconcentration for pollutants with log water 
octanol partition coefficients greater than 6. EPA believes 
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that consideration of bioaccumulation through use of the food 
chain multiplier is consistent with the existing knowledge of 
bioconcentration factors. 

Chapter 3: Effluent Characterization 

overview: Simplified the chapter organization; cited regulatory 
requirements (40 CFR 122.44(d)); revised the discussion on effluent 
bioconcentration evaluation to conform with the new draft document. 

1. Determining the need for an effluent limit in the absence of 
effluent monitoring data does not address the required factors 
of 40 CFR § 122.44(d) (1)(ii). 

EPA Response: EPA maintains the position that regulatory 
authorities may make a finding of reasonable potential even 
where effluent monitoring data is not available. EPA 
disagrees with the commenter on the issue of whether the 
required factors can be addressed in the absence of effluent 
monitoring data. Box 3-1 of the TSD was revised to illustrate 
how the recommended procedure for making reasonable potential 
determinations in the absence of effluent monitoring data will 
address each of the 4 required factors. 

2. Including bioconcentration and bioaccumulation recommenda
tions in the TSD is premature. Approaches to this problem 
require much more peer review, input and development. 
EPA Response: EPA agrees with this comment. The draft 
bioconcentration guidance that was referenced in the draft 
chapter 3 has not yet been released for public comment and 
does require additional peer review. The majority of the 
chapter 3 discussion on the specifics of this guidance was 
removed; the remaining sections specifically state that the 
procedures in the draft guidance should not be used by 
regulatory authorities until the guidance is finalized by EPA. 

3. In determining reasonable potential, the cumulative effluent 
discharge to a receiving water should be considered instead 
of single discharges. 

EPA Response: EPA agrees with this comment. The draft of 
chapter 3 did not draw a clear enough distinction between the 
terms "cause" and "contributes to" in the context of the 
reasonable potential determination. Chapter 3 now states that 
where multiple discharges collectively are causing or show the 
reasonable potential to cause or contribute to an excursion 
of water quality standards, limits must be developed for each 
discharger to protect against such collective excursions. 
This is underscored by adding the exact regulatory language 
of 122.44(d). Finally, the document now has recommendations 
on the use of toxicity testing in multiple discharge 
situations. 
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4. Guidance is needed on how to demonstrate that chemical
specific limits alone are sufficient to achieve applicable 
water quality standards, thus obviating the need for a WET 
limit. 

EPA Response: EPA agrees with this comment. Regulations at 
122.44 (d) ( 1) (v) provide that WET limits are not necessary 
where the permitting authority demonstrates that chemical
specific limits are sufficient to protect water quality 
standards. The draft of chapter 3 did not clearly recognize 
this point and provided no guidance on how to make this 
demonstration. Chapter 3 now reiterates this regulatory 
provision with a new section entitled "Using a Chemical
specific Limit to Control Toxicity." This new section 
recommends that the discharger conduct a TIE to identify 
causative toxicants. Where the causative toxicants are 
controlled by chemical-specific limits, the permitting 
authority may make the determination that WET limits are not 
necessary. 

5. The multiple conservative assumptions in the effluent 
characterization methodology (the effluent is most toxic to 
the most sensitive life stage at the time of lowest stream 
flow and peak design flow) are overkill. 

EPA Response: EPA does not agree that multiple conservative 
assumptions amount to overkill. This comment implies that 
EPA recommends establishing effluent limits to protect against 
toxic impacts that are never projected to occur. In truth, 
EPA only recommends establishing effluent limits where toxic 
impacts are projected to occur. Estimates of toxic impact 
should be made assuming that the effluent is most toxic to the 
most sensitive species or lifestage at the time of lowest 
available dilution because these are conditions that can be 
expected to occur. For the most part chapter 3 remains 
unchanged as a result of this comment. However, EPA has added 
a short discussion that suggests that the regulatory authority 
may choose to assess reasonable potential using a stochastic 
dilution model which incorporates both ambient dilution and 
effluent variability to project toxic impact. 

6. EPA should not recommend a 3 species minimum. The algae test 
and the marine tests are not sufficiently studied. 
EPA Response: Chapter 3 continues to recommend as a minimum 
that 3 species be tested quarterly for a minimum of 1 year 
where toxicity tests are used to make decisions regarding the 
need for WET limits. Experience indicates that algal tests 
can be a highly sensitive test species for some pollutants. 
Furthermore, using a plant adds another trophic level to the 
test regimen. EPA rejects the assertion that the algal tests 
are not sufficiently studied. For both freshwater and marine 
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waters, the use of 3 species is more protective than 2 species 
since a wider range of species sensitivity can be measured. 

7. EPA should not recommend that ambient toxicity tests be 
conducted at worst case low flow conditions. 

EPA Response: EPA disagrees with this comment. Chapter 3 
continues to recommend that ambient toxicity testing be 
conducted during appropriate low flow or worst case design 
periods. In order for the results of ambient toxicity tests 
to form the basis for decisions about whether toxicity 
controls are needed, the test must reflect the conditions that 
such controls would be designed to protect. If a regulatory 
authority's policy is to protect at the 7Q10 flow, than the 
ambient tests must be conducted at flows that are very near 
the 7Q10. Otherwise, the regulatory authority will learn very 
little from the ambient test about whether toxicity limits are 
necessary for a particular discharge. 

a. Reasonable potential determinations should not be based on 
whole effluent toxicity data alone. Toxicity data and 
instream survey data should be used together in a weight of 
evidence approach. 

EPA Response: We disagree. As discussed in the response to 
comment no. 2 in Chapter 1, EPA considers that water quality 
standards apply independently of each other. Whole effluent 
toxicity measures a different biological endpoint than do 
instream survey data. 

9. one piece of effluent data projecting an excursion above a 
water quality standard is insufficient to justify setting an 
effluent limit. 

EPA Response: EPA disagrees. EPA's position is that where 
even one data point shows that an excursion of a state water 
quality standard is projected, the Director may determine that 
permit limits for whole effluent toxicity or for specific 
chemicals are necessary. In making such a determination, 
NPDES regulations requires that the Director also account for 
existing controls on point and nonpoint sources, the 
variability of the pollutant parameter in the effluent, the 
sensitivity of the species to toxicity testing (for whole 
effluent) , and where appropriate the dilution of the effluent 
in the receiving water. In addition, the Director should 
consider all other available information pertaining to the 
discharger to assist in making an informed judgement. 
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Chapter 4: Exposure Assessment and wasteloa~ Allocation 

overview: Clarified terminology for mixing zone and design flow 
conditions. 

1. Clarify or reevaluate Agency's position with respect to key 
mixing zone issues: including bow to establish geographical 
boundaries of mixing zones and point of application of 
criterion for persistent bioaccumulative pollutants, and how 
to prevent lethality in the mixing zone. 

EPA Response: The revised TSD states as it did in previous 
drafts that the mixing zone size should be minimized and the 
dimensions should be based on the site-specific conditions. 
As previously stated, site-specific evaluations should also 
be conducted by the permitting agency to determine whether to 
allow a mixing zone for discharge of bioaccumulative 
pollutants. The TSD was revised to expand the three 
approaches for preventing lethality in the mixing zone to four 
approaches. The new approach includes submission of actual 
data to show that a drifting organism would not be exposed to 
1-hour average concentrations exceeding the CMC. In addition, 
clarification was provided on the approach not requiring the 
use of a high velocity discharge to show that the CMC is met. 
Approaches for preventing lethality in the mixing zone conform 
with the position taken in Chapter 2. 

2. Clarify or reevaluate Agency's position on appropriate 
critical flows for toxicants which have potential human health 
impacts and/or aquatic life impacts. 

EPA Response: It was determined that the harmonic mean flow 
was appropriate for evaluation of human health impacts that 
are of concern due to long-term exposures (e.g. , cancer) . 
The TSD was revised to clarify the use of harmonic mean flow 
and its appropriateness for use in water quality modeling to 
evaluate human health impacts (e.g., a step-by-step calcula
tion procedure was added). Additional clarification was 
provided for the use of hydrologically-based 7Q10 and lQlO 
flows for the evaluation of "worst case" scenarios for 
determining potential aquatic life impacts. 

3. EPA should present all valid modeling approaches and deter
mine the best water quality model for each water quality 
condition. 

EPA Response: The models described in the text were those 
EPA considers to be comprehensive to evaluate most water 
quality conditions. Because of all the potential site
specific scenarios, it is beyond the scope of the document to 
present all of the valid approaches that could be used for 
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water quality modeling. The permitting authority needs to 
evaluate the data available for the site and select the water 
quality model that is best for calculating the receiving water 
concentrations and the TMDLs. 

4. Specific caveats should be added to the model descriptions. 

EPA Response: It is beyond the scope of the document to 
provide all of the caveats that are applicable for each of 
the models. Although the commenters presented specific 
caveats for a model, they were not incorporated since it was 
beyond the scope of revising the document to determine all 
the cases that the caveat could apply. 

5. commenters want additional explanation or justification for 
the assumptions and applications for the equations presented 
in the TSD. 

EPA Response: The TSD already contained a sufficient explan
ation or referenced the documents which contained the 
rationale. 

6. The water quality model 11 DYNTOX11 and the software program HHD 
FLOW are not available. 

EPA Response: DYNTOX is not currently available but should 
be accessible by early 1991. HHD FLOW is not available, but 
DFLOW is available, and the TSD has been changed to reference 
this software package. 

7. Guidance on regulating nonpoint sources should be included in 
the TSD. 

EPA Response: It is beyond the scope of the document to 
include information on regulating non-point sources. 

B. Guidance should be given in the discussion on design flow for 
persistent pollutants. 

EPA Response: Persistent pollutants should be assessed in 
the same way as bioaccumulative pollutants. 

9. The human health section does not provide direction regard
ing the percentage of fish that are taken from a given area. 

EPA Response: The percentage of fish should be determined 
based on site-conditions. The WLA criteria are conservative 
estimates based on heavy consumption of fish or a potentially 
large contaminated area. 
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10. The TSDs discussion on mixing zones• contribution to human 
health is overemphasized. 

EPA Response: The TSDs discussion on m1x1ng zones has been 
revised and does not overemphasize the contributions to human 
health. 

11. EPA should revise its discussion of modeling WLAs for human 
health toxicants because it is misleading since it suggests 
that the method should be used whether the applicable 
criterion is a drinking water standard intended to prevent 
acute effects on humans or criterion established for Deriv
ing Numerical National Water Quality Criteria. 

EPA Response: The TSD does not discuss acute human health 
effects; therefore, it was determined that the discussion is 
not misleading. 

Chapter 5: Permit Requirements 

overview: Added clarifications and examples to support the 
existing text; gave equal weight to developing limits based on a 
dynamic and steady state wasteload allocations; added discussion 
on metals, average and maximum permit limits, single dilution 
tests, variability, and mass-based limits. 

The two value, steady-state model approach to permit limit 
derivation is overly conservative with too many built-in 
safety factors. As a result the limits derived are too 
stringent. 

EPA Response: EPA has revised Chapter 5 of the TSD to 
emphasize the development of permit limits that are as exact 
as possible to attain and maitain water quality standards. 
Chapter 5 now recommends the use of the statistical limit 
derivation procedure which provides for two options. The 
first option uses a steady state model approach for develop
ment of the wasteload allocation (WLA) and long term average 
(LTA) . Since this approach relies on critical condition 
assumptions regarding effluent characteristics and receiving 
water characteristics, this approach may derive limits that 
are more restrictive than the second option. The effluent 
characteristics of importance are pollutant concentrations, 
pollutant concentration variation, and effluent flow. The 
receiving water characteristics of importance are pollutant 
concentrations and receiving water flow. 

Where a discharger or permitting authority believes that the 
steady state model approach results in overly restrictive 
permit limits, under the revised TSD the discharger or 
permitting authority has the alternative of using a dynamic 
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model approach. Under the dynamic model approach worst case 
assumptions are minimized and more accurate receiving water 
concentrations of a pollutant can be calculated. In general, 
dynamic models account for the daily variations of and 
relationships between flow, effluent and environmental 
conditions and therefore directly determine the probability 
that a water quality standards exceedance will occur. Because 
of this, dynamic models can be used to develop waste load 
allocations which more exactly maintain the water quality 
standards at the return frequency requirements of the 
standards. The WLA is first developed by iteratively running 
the dynamic model with successively lower LTAs until the model 
shows compliance with the water quality standards. With this 
approach now a recommended option in the TSD, this major issue 
is resolved. A disadvantage of using dynamic model outputs 
to develop permit limits is the lack of necessary data for 
effluent variability and receiving water flows. 

2. The discussion of below detection levels is confusing. EPA 
should not be setting water quality-based limits below 
detection levels, especially since variability of a test 
method is greater the closer the results are to the detection 
level. 

EPA Response: The discussion of below detection level limits 
in the draft TSD was unclear. Since the time of the draft 
TSD, EPA issued its guidance on setting permit limits below 
the detection level for dioxin. This guidance uses a minimum 
level (ML) to ascertain compliance with limits set below 
detection levels. The TSD was revised to follow the dioxin 
guidance (May 21·, 1990 Memorandum from LaJuana Wilcher, 
11 Strategy for the Regulation of Discharges of PHDDs and PHDFs 
from Pulp and Paper Mills to Waters of the United States 11 ). 

Specific values for the minimum level are found in the 
description of methods 1624 and 1625 for some organic 
compounds. (See the appendix to 40 CFR 136.) 

3. EPA's criteria recommend that limits be derived for toxicant 
in the soluble form or biologically available form, yet many 
permit limits are being written and compliance being based 
upon the total recoverable form of metals. The TSD should 
address this issue and give guidance on developing limits only 
for bioavailable forms of pollutants. 

EPA Response: The TSD has been revised to cit~ the regula
tory requirements at 40 CFR 122.45(c) and to provide three 
options for use where a state has not developed a method for 
determining total recoverable permit limits based on a 
dissolved or acid soluble water quality criterion. The three 
options are 1) assume complete availability of the total 
~ecoverable metal, 2) use the method in the EPA wasteload 
allocation guidance manual for taxies in rivers to relate the 
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two, and 3) use site specific data to develop a relationship. 

4. EPA 1 s regulations do not allow permit limits basad on one day 
maximum concentrations tor POTWs. 

EPA Response: The NPDES regulation at 40 CFR 122.45 (d) 
require the use of a 7-day average unless impractical. The 
discussion on the expression of permit limits now states that 
EPA considers the 7-day average limit for POTWs to be 
impractical for the purposes of controlling the discharge of 
toxics. The reason for this statement is that control of the 
7-day average in lieu of control of the 1-day maximum will 
allow for unmeasured short-term excursions of an acute water 
quality standard. 

5. TREs should not be required as a permit condition to respond 
to a violation of a whole affluent toxicity limit. The proper 
response by the parmittinq authority is throuqh use of 
enforcement mechanisms. 

EPA Response: The discussion on TREs was changed to not 
recommend that the TRE or accelerated monitoring be included 
in the permit to respond to permit limit violations but rather 
be part of the enforcement response. This was done to help 
distinguish between monitoring only provisions and enforcement 
of permit limits. This should reduce confusion about the 
difference between enforcement on a single event violation of 
a limit and the need for multiple violations before a TRE is 
warranted. 

6. Permit limits should be increased to consider analytical 
variability. EPA should consider usinq the approach it 
proposed in the Amelia River study. 

EPA Response: EPA disagrees with th.e proposal. A discussion 
was added to explain how EPA considers analytical variability 
in developing permit limits. The discussion states that since 
this variability is an intrinsic part of all data collection 
(effluent monitoring, wasteload allocation development, and 
water quality standards development) , and that the variability 
can go both ways (higher or lower), that EPA does not separate 
it out from all other variability factors. EPA's Amelia River 
study is not final; the approach cited may not be included in 
the final report. 

Although difficult, it may be possible to determine what 
proportion of the observed variability can be attributed to 
sampling error, and what proportion can be attributed to the 
method of measurement. Regardless, the TSD makes use of a 
coefficient of variation that includes both sources of 
variability. This is not unreasonable since sampling for 
monitoring purposes also results in the inclusion of these 
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two sources of variability. Any consideration of upstream 
concentrations in the WLA will also include analytical 
variability. There is no "true" calculation in the process 
of developing permit limits because there is analytical 
uncertainty throughout the process. Instead, LTAs should be 
calculated from the WLAs using the same CV that is also used 
to calculate permit limits from the most limiting LTA. It is 
unimportant exactly what CV is used because the most 
restrictive LTA itself is used only for determining the 
desired treatment performance level. However, this procedure 
assures (99 or 95% confident) that the permit limits will be 
less than or equal to the more limiting LTA. 

7. Since permit limits were derived based on 95th and 99th 
percentile probabilities, that occasional exceedances of 
permit limits should be allowed on the same basis. 
EPA Response: In statistics, the selection of an acceptable 
probability level reflects the level of confidence that is 
desired of the results. As such, an acceptable level must be 
defined prior to performing any statistical procedure. As 
stated in the TSD, the probability basis of 0.99 for the daily 
maximum limit, and 0.95 for the average monthly limit have 
been used historically in connection with development of the 
effluent guideline limitations and have been well accepted 
upheld in legal challenges to the guidelines. These values 
are tied to monitoring frequencies that are required for each 
limit. There is no mixing of two probability bases since they 
are distinct and separate limits. The goal in establishing 
these levels is to allow the regulatory agency to distinguish 
between adequately operated wastewater treatment plants with 
normal variability from poorly operated treatment plants. 

8. Permit limits should vary with flow conditions in the 
rece1v1ng waters since exposure is based on dilution with 
receiving water flow. 

EPA Response: EPA partially agrees but only to the extent 
that the limits are seasonally based. The seasonal approach 
has been used by permitting authorities for setting permit 
limits to protect against excursions of dissolved oxygen and 
ammonia standards. However, seasonal limits are different 
than limits which vary daily based on river flow. EPA is not 
convinced that a daily variable approach would be universally 
practical given wastewater treatment response and performance; 
for this reason EPA has not included procedures for this 
approach. In addition, the discharger has the option of using 
dynamic modeling to develop permit limits. Since dynamic 
modeling considers all receiving water flows, this option 
would provide the discharger a less restrictive permit limit 
than would be obtained by using steady state modeling. 
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9. If limits were derived that were overly stringent due to the 
worst case assumption of the steady state model, and if in 
the future the permittee conducted dynamic modeling which 
resulted in less stringent limits, permittees would be bound 
to the previous limits due to the anti-backsliding require
ments. 

EPA Response: There is no absolute prohibition. EPA 1 s 
September 1989 guidance document on antibacksliding contains 
EPA 1 s. interpretation of the Clean Water Act provisions in 
§402(o) and §303(d) (4). This guidance also does not contain 
an absolute prohibition. It is EPA's position that the CWA 1 s 
anti-backsliding provision and EPA's existing regulations do 
not uniformly prohibit the incorporation into a permit of less 
stringent limits, standards, or conditions. In certain 
situations (i.e., under Sections 402(o) and 303(d) (4) of the 
CWA), less stringent limits or conditions may be permissible. 

Section 402(o) (1) provides that backsliding from water 
quality-based limits is prohibited except in compliance with 
Section 303(d) (4). Section 303(d) (4) (A) only allows estab
lishment of less stringent limits in a permit for discharge 
into a non-attainment water only if two conditions are met: 
1) the existing permit limit must have been based on a TMDL 
or other WLA established under Section 303, and 2) attainment 
of water quality standards must be assured. Section 
303(d) (4) (B) allows establishment of less stringent limits in 
a permit for discharge into an attained water only where 
relaxation is consistent with a State's antidegradation 
policy. 

Section 402 (o) (2) also outlines exceptions to the general 
prohibition against backsliding from water quality-based 
permit limitations. Under Section 402(o) (3), backsliding may 
be allowed: 1) where there have been material and substantial 
alterations or additions to the facility; 2) where good cause 
exists due to events beyond the permittee's control and for 
which there is no reasonably available remedy; 3) where the 
permittee has installed and properly operated and maintained 
required treatment facilities; and 4) where new information 
justifies backsliding from water quality-based permit 
limitations and other Section 301(b) (1) (C) limitations. 

10. EPA does not have guidance on how to conduct a chronic TRE 
and therefore limits should not be derived based upon chronic 
endpoints. 

EPA Response: EPA is aware of the need for guidance on 
conducting TREs for chronic toxicity. EPA's Duluth labora
tory is near completion of a draft guidance document. The 
guidance document will be widely available when finished. 
Regardless, the lack of a finished guidance document is not 
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a valid reason to allow for excursions above a narrative 
standard as measured by chronic whole effluent toxicity. 
Some dischargers have been able to comply with chronic 
toxicity limits and identify and control sources of chronic 
toxicity. EPA experience has shown that portions of the 
published TRE procedures for solving incidences of acute 
toxicity (EPA/600/2-88/070, EPA/600/2-88/062, EPA/600/3-
88/034) can be used for resolving incidences of chronic 
toxicity. 

11. EPA should allow adequate time for facilities to come into 
compliance with water quality-based permit limits. 
EPA Response: EPA is aware that facilities may need time to 
comply with newly established effluent limits. This has been 
accomplished in the past in NPDES permits by allowing 
compliance schedules within the permit. Regulatory agencies 
use of compliance schedules for water quality-based effluent 
limits are governed by recent decisions regarding the Star
Kist Caribe ruling by EPA's Chief Judicial Officer (CJO). on 
March 8, 1989, in review of the evidentiary hearing request 
by Star-Kist Caribe, the CJO ruled that compliance schedules 
for water quality-based effluent limits may not be included 
in NPDES permits unless explicitly authorized by the State in 
its water quality standards or implementation regulations. 
The ruling was based on an interpretation of section 
301(b) (1) (C) of the Clean Water Act. Later, on Septermber 4, 
1990, the CJO granted a stay of the ruling to allow EPA and 
States to use compliance schedules for water quality-based 
limits where such schedules are consistent with state policy. 
In any case, the allowance for compliance schedules is a State 
decision which may ultimately need to be expressed in water 
quality standards. 

12. Effluent limits should be set within the ability of treatment 
technology. 

EPA Response: EPA is aware that there may be a number of 
water quality-based permit limits for taxies which may be 
presently unachievable with existing wastewater treatment 
technology. However, the NPDES regulations at 40 CFR 
122.44(d) require that effluent limits more stringent than 
those established based on a treatment technology basis must 
be set to achieve water quality standards. 

13. The limit derivation procedures for human health should use 
the same statistical procedures as used for deriving limits 
for aquatic life. Permit limits should be derived from the 
harmonic mean effluent concentration. 

EPA Response: Since compliance with permit limitations is by 
regulation determined on a daily and monthly basis, it is 
necessary to set permit limitations expressed in these 
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contexts that meet a given WLA every month. The statistical 
procedures for permit limit derivation in the TSD are designed 
to accomplish this for aquatic life protection where the use 
of shorter term averaging periods is consistent with two 
number aquatic life criteria. 

However, if the TSD procedures were directly used for setting 
permit limits on bioconcentratable pollutants, both maximum 
daily and average monthly permit limits could exceed the 
wasteload allocation necessary to meet the criterion. These 
two permit limits would assure that the long term average 
effluent discharge would comply with the human health derived 
WLA only if the assessment of the effluent variability was 
precise. With bioconcentratable pollutants where exposure 
duration ranges up to 70 years, EPA believes that effluent 
variability cannot be reliably estimated from existing data 
for exposure periods a year. If the effluent variability was 
over-estimated when establishing the permit limits, then a 
facility could be discharging in compliance with the permit 
limits but would be exceeding the wasteload allocation for 
human health protection. This approach is clearly 
unacceptable. 

This problem does not arise when using the TSD statistical 
procedure for setting permit limits for protecting against 
aquatic toxicity. In this case, the monthly average and daily 
maximum permit limits are more closely related to the four day 
average and one hour maximum used as exposure periods for the 
criteria. Any imprecision in assessing effluent variability 
would therefore not have as great an effect on the permit 
limits. 

14. Effluents may not always demonstrate a log-normal distribu
tion. The TSD should present procedures for using other 
distributions. 

EPA Response: EPA believes, after reviewing the database used 
to establish effluent guidelines, that the log-normal 
distribution best characterizes effluents. EPA's analysis of 
these data are provided in Appendix E. The general 
characteristics of the lognormal distribution (it is only 
positive and is skewed towards extreme high values) make it 
an appropriate distribution for dealing with effluent 
concentrations. According to Gilbert (1987), the lognormal 
distribution is the only available 2-parametric distribution 
that can routinely be applied to environmental data. Since 
the Agency is not providing derivation procedures for 
alternate data distributions, it is not necessary to test for 
lognormality of effluent data. Permitting authorities can 
develop their own methods using other probabilistic 
distributions. 
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Chapter 6: Enforcement 

overview: No major changes made in recommendations; added 
clarifications and explanations. 

1. one effluent test failure should not equal a violation; 
provisions should be made to delay punitive enforcement action 
where legitimate efforts are being made; permittees should not 
be held in violation of their toxicity limit while conducting 
a TRE. 

EPA Response: The current draft still emphasizes the 
principle that any single exceedance is a violation and is 
subject to a full range of enforcement responses. However, 
the draft has been caveated with discussion on EPA's guidance 
which outlines a systematic review of all violations to 
determine the appropriate level of enforcement. EPA's 
enforcement guidance is included in an appendix. 
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Reply ta:
WTR-5

M[ay 31, 2007

Ms. Deborah Smith, interim Executive Officer
Cali€ors a Regional Water Qualitp Control Board
Los Angeles Region
320 West 4`~ Street,. Suite 200
Los Angeles, CA 90Q13

Re: Long Beach Water Reclamation Plant (1~TPDES Permit No. CA405~119) and Los
Coyotes Water Reclamation Plant (NPDES Permit No. CAU054011)

Dear Ms. Smith:

We have reviewed the subject draft National Pollutant Discharge Elimination
System ("i`~TPDES") permits for the Long Beach V~ater Reclamation Plant and Los
Coyotes Water Reclamation Plant. We appreciate the considerable effort by Regional
Water Board staff that has gone into development of the draft permits and supporting
documenfiation. We commend the Regional Water Board's ongoing efforts to
expeditiously reissue quality pexmits with up-to-date requirements, Our comments on the
draft permits are detailed, below.

TR~IUL Permitting far Metals

EPA established TMDLs for copper, lead, and zinc in Mazch. 'Tl~e draft permits
follow proper EPA and State procedures for implementing toxics WLAs as statisteally-
calculated monthly average and daily maximum WQBELs, consistent with the TMDL
and applicable federal regulations and State policy on water quality control. We believe
that the direst implementation of these Vt~LA, as only a daily maximum effluent limit or a
monthly average effluent limit, would not be consistent with the TMDL, federal
regulations, and State policy on water quality control. 40 CFR 122.45(4); Sections 5.2.3,
5.4, and 5.5 of Technical Support Document for Water Quality-based Toxics Control
(EPA/SOS/2-90-001, 1991; "TSD"), and Section 1.4 of the SIP. As cautioned by the TSD
(pp. 96 and 104), EPA strongly discourages the direct application of acute and chronic
WLE1s as effluent limits because effluent variability is no# specifically addressed and
facility compliance with such limits can still result in exceedances of 1-hour average and
4-day average ~VLAs. In contrast, compliance with monthly average and daily rn~imum
WQBELs developed using the statistical procedwes in both the TSD and SIP result in a
low chance of excursions above both 1-hour average and 4-day average WLAs.
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Consequently, EPA fully supports the monthly average and daily maacirnum WQBELs for
copper, lead, and zinc calculated using Section 1.4.B of the SIP.

Monthly Average and Daily Maximum WOBELs far Ammonia

In 2003, EPA approved, under CWA section 303(c), Basin Plan amendments for
ammonta water quality objectives. The $asin Plan amendments for ammonia included
both water quality objecrives and stat~stica2 procedures for calculating monthly average
and daily maxunum WQBELs that are fully consistent with EPA's 1499 ammonia water
quality criteria update (64 FR 71974), the SIP, and EPA's 1491 TSD. We support the
Regional Water Board staffs' determination of reasonable potential for ammonia which
utilizes receiving water pH and temperature data to establish the applicable water quality
objectives. However, where the Regional Water Board detezmines that ammonia in a
dischazge has the reasonable potential to exceed applicable Basin Plan water quality
objectives, the permit needs to contain monthly average and daily ma~cimum WQBELs
for ammonia that are calculated in accordance with implementation procedures in
Chapter 4 of the Basin Plan. As discussed above, EPA strongly discourages the direct
application of acute and chronic water quality criteria as effluent limits because effluent
variability is not specifically addressed and facility compliance with such limits can still
result in exceedances of 1-hour average, 4-day average, or 34-day average water quality
criteria. V~ith these revisions, the draft permits will be consistent with proper Basin Plan
objectives and implementation requirements for ammonia. We understand that a 34-day
average site specific objective ("SSO") for aznmonia is scheduled for consideration by the
Regional Board in June. In this context, we note that an SSO is a water quality objective
subject to EPA approval prior to implementation in NPDES permits. As an EPA-
approved SSO, it is subject to the aznmonia implementation procedures specified in
Chapter 4 of the Basin Plan, along with the 1-day and 4-day average ammonia objectives
in the Basin Plan.

Daily Maxunum Effluent Limits for POTWs

The draft permits propose daily maximum effluent lunits, rather than weekly
average effluent limits for priority toxic pollutants based on CTR criteria and non-
conventional pollutants based on Basin Plan objectives. In part, Regional Water Board
staff have calculated daily maacimum effluent limits in accordance with Section 1.4 of the
SIP. We believe limits calculated in this manner are consistent with the SIl'" and NPDES
regulations for limiting continuous discharges at 44 CFR 122.45(4). As explained in the
EPA's national guidance for developing WQBELs, daily ma~cimum effluent limits for
pollutants in water quality permitting are necessary to prevent acute water quality effects
and assess short-term exceedances of acute and chronic water quality criterialobjeetives.
See pp. 95-96 of the TSD and p. 20 ofthe TSD Responsiveness Summary.
Consequently, in accordance with 40 CF~Z 122.45(4), we agree that it is impracticable for
the Regional Water Board to establish weekly average effluent limits, as such limits fail
to ensure acute and chronic water quality protection. The proposed daily maximum
effluent limits for toxic and non-conventional pollutants are justified and necessary for
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the permits to ensure compliance with all applicable water quality standards, as required
by 40 CFR 122.4~t(d}{1)(vii}.

Effluent Limits for Concentration and Mass

The draft permits contain both concentration- and mass-based effluent limits for
conventional, non-conventional, and priority toxic pollutants. The concurrent use of
concentration- and mass-based effluent limits when developing controls in NPDES
permits is affirmed by the EPA. in both regularion and guidance. 40 CFR 132, Appendix
F, Procedure 7 and the TSD, pp. 110-111, EPA has determined that expressing effluent
limits in terms of both concentration and mass encourages proper operation of a treatment
facility, thereby ensuring that applicable technology- and water quality-based
requirements wi11 be met. For technology-based requirements, concentration- and mass-
based limits are necessary to prevent reduced treatment levels during periods of low flaw
and the use of flow augmentation (dilution} as a means of treatment. For water quality-
basetl requirements, concentration- and mass-based effluent limits are necessary to
protect and maintain receiving water quality. For example, concentration-based limits
serve as controlling factory dictating pollutant concentrations in a receiving water body
dominated by an effluent discharge. Mass-based limits are critical for controlling the
total l+~ading of pollutants which bioaccumulate ar are limiting ,factors in aquatic
ecosystems. In summar}~, the use of both concentration- and mass-based effluent limits
in the draft permits is recommended by EPA and consistent with NPDES regulations at
40 CFR 122.450 which govern the use ofmass-based effluent limits in permits.

Effluent Limits far Total Residual Chlorine

The draft permits propose a daily maximum effluent limit of 0.1 mg1L for total
residual chlorine. We note that this limit is an order of magnitude higher than EPA's
reeoinmended 304(a} water quality criteria pmtectirrg aquatic life against acute and
chronic effects due to chlorine toxicity (i.e., 19 ug/L and 11 ug1L, respectively). As
described in our Niay 26, 2000 approval letter for the 1994 Basin Plan, we continue to
recommend a water quality-based permitting approach for total residual chlorine. To
address this concern, we support including a reopener provision in the revised c~.raft
permits which allows for permit modification consistent wi#h the State Board's Total
Residual Chlorine and Chlorine Produced Oxidants Policy of Cali,~arnia. We also
support including the permit condition prohibiting dechlorination of effluent samples in
the laboratory prior to conducting testing for acute and chronic whole effluent toxicity,
unless written approval allowing dechIorination of effluent samples in the laboratory
prior to toxicity testing is granted by the Regional Water Boazd Executive officer.

Whole Effluent Toxicity Testing Requirements

We support the acute whole effluent toxicity effluent ("WET"} limits and the
acute and chronic testing requirements proposed in the draft permits. We are pleased that
the proposed language, in part, contains the following elements critical to successful
implementation of WET testing in NPDES permits: (1) effluent limits, if reasonable
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potential for WET is demonstrated; (2}protective numeric benchmarks for triggering
immediate accelerated monitoring when elevated levels of toxicity aze reported; and (3)
toxicity reduction evaluatianitoxicityidentification conditions which direct the permittee
to identify and correct the cause of toxicity when elevated levels of toxicity are
repeatedly reported.. This approach is consistent with regulations governing reasonable
potential for toxicity objectives for WET at 40 CFR 122.44td)(1 }; Section 4 of the SIP;
EPA's national guidance for water quality-based permitting in the TSD; and regional
EPA guidance for implementing W ET in Regions 9 and 10 Guidance for Implementing.
YYhole E, f,~luent ?"oxicity Testing Programs (Denton and Narvaez, 1996).

Hower, information provided in the permit fact sheets shows that the monthly median
chronic toxicity trigger of l .0 Chronic Toxic Units has been exceeded in these effluents
on numerous occasions. Following 40 CFR 122.44(4}(1) and Section 4 of the SIP,
WQBELs for chronic toxicity are required in bath permits. We recommend that
numerical WQBELs for chxonic toxicity be established following EPA's national
guidance for w~#er quality-based pernutting in the TSD and regional EPA guidance for
implementing WET in Regions 9 and 10 Guidance for Implementing YYh~le Ef,~luent
Toxicity Testing Programs. We do not believe that numerical WQBELs for chronic
toxicity are "infeasible" to calculate, such that BMPs may be substituted. 40 CFR
122.44(k). At minimum, the permits need to specify the WQBEL: "There shall be no
chronic toxicity in the effluent discharge."

VYe support issuance of draft permits incorporating these revisions. If you have
questions regarding these cornrnents, please contact me at 4151472-342Q.

~ lY~

Douglas E. Eberhardt, Chief
CWA Standards and Permits Qffice
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DISCLAIMER 
 

This document has been reviewed by the Environmental Monitoring Systems Laboratory-Cincinnati (EMSL-
Cincinnati), U.S. Environmental Protection Agency (USEPA) and approved for publication.  The mention of
trade names or commercial products does not constitute endorsement or recommendation for use. The results of
data analyses by computer programs described in the section on data analysis were verified using data commonly
obtained from effluent toxicity tests.  However, these computer programs may not be applicable to all data, and
the USEPA assumes no responsibility for their use.
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FOREWORD

Environmental measurements are required to determine the quality of ambient waters and the character of
waste effluents.  The Environmental Monitoring Systems Laboratory-Cincinnati (EMSL-Cincinnati) conducts
research to:

· Develop and evaluate analytical methods to identify and measure the concentration of chemical
pollutants in drinking waters, surface waters, groundwaters, wastewaters, sediments, sludges, and solid wastes.
 

· Investigate methods for the identification and measurement of viruses, bacteria and other microbiological
organisms in aqueous samples and to determine the response of aquatic organisms to water quality. 
 

· Develop and operate a quality assurance program to support the achievement of data quality objectives
in measurements of pollutants in drinking water, surface water, groundwater, wastewater, sediment and solid
waste.
 

· Develop methods and models to detect and quantify responses in aquatic and terrestrial organisms
exposed to environmental stressors and to correlate the exposure with effects on chemical and biological
indicators.

The Federal Water Pollution Control Act Amendments of 1972 (PL 92-500), the Clean Water Act (CWA) of
1977 (PL 95-217), and the Water Quality Act of 1987 (PL 100-4) explicitly state that it is the national policy
that the discharge of toxic substances in toxic amounts be prohibited.  The detection of chronically toxic effects,
therefore, plays an important role in identifying and controlling toxic discharges to surface waters.  This manual
is a third edition of the freshwater chronic toxicity test manual for effluents first published (EPA/600/4-85/014)
by EMSL-Cincinnati in December 1985 and revised (EPA/600/4-89/001) in March, 1989.  It provides updated
methods for estimating the chronic toxicity of effluents and receiving waters to freshwater organisms for use by
the U.S. Environmental Protection Agency (USEPA) regional and state programs, and National Pollutant
Discharge Elimination System (NPDES) permittees.

Thomas A. Clark, Director
Environmental Monitoring Systems 
Laboratory-Cincinnati 
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PREFACE

This manual represents the third edition of the Agency's methods manual for estimating the chronic toxicity
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edition reflects changes recommended by the Toxicity Assessment Subcommittee of the Biological Advisory
Committee, USEPA headquarters, program offices, and regional staff, other Federal agencies, state and interstate
water pollution control programs, environmental protection groups, trade associations, major industries,
consulting firms, academic institutions engaged in aquatic toxicology research, and other interested parties in the
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ABSTRACT

 
This manual describes four short-term (four- to seven-day) methods for estimating the chronic toxicity of

effluents and receiving waters to three freshwater species:  the fathead minnow, Pimephales promelas, a daphnid,
Ceriodaphnia dubia, and a green alga, Selenastrum capricornutum.  The methods include single and multiple
concentration static renewal and non-renewal toxicity tests for effluents and receiving waters.  Also included are
guidelines on laboratory safety, quality assurance, facilities, equipment and supplies; dilution water; effluent and
receiving water sample collection, preservation, shipping, and holding; test conditions; toxicity test data analysis;
report preparation; and organism culturing, holding, and handling.  Examples of computer input and output for
Dunnett's Procedure, Probit Analysis, Trimmed Spearman-Karber Method and the Linear Interpolation Method
are provided in the Appendices.   
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SECTION 1

INTRODUCTION

1.1  This manual describes chronic toxicity tests for use in the National Pollutant Discharge Elimination System
(NPDES) Permits Program to identify effluents and receiving waters containing toxic materials in chronically
toxic concentrations.  The methods included in this manual are referenced in Table IA, 40 CFR Part 136
regulations and, therefore, constitute approved methods for chronic toxicity tests.  They are also suitable for
determining the toxicity of specific compounds contained in discharges.  The tests may be conducted in a central
laboratory or on-site, by the regulatory agency or the permittee.
 
1.2  The data are used for NPDES permits development and to determine compliance with permit toxicity limits. 
Data can also be used to predict potential acute and chronic toxicity in the receiving water, based on the LC50,
NOEC, IC50 or IC25 (see Section 9, Chronic Toxicity Endpoints and Data Analysis) and appropriate dilution,
application, and persistence factors.  The tests are performed as a part of self-monitoring permit requirements,
compliance biomonitoring inspections, toxics sampling inspections, and special investigations.  Data from chronic
toxicity tests performed as part of permit requirements are evaluated during compliance evaluation inspections
and performance audit inspections.

1.3  Modifications of these tests are also used in toxicity reduction evaluations and toxicity identification
evaluations to identify the toxic components of an effluent, to aid in the development and implementation of
toxicity reduction plans, and to compare and control the effectiveness of various treatment technologies for a
given type of industry, irrespective of the receiving water (USEPA, 1988c; USEPA, 1989b; USEPA 1989c;
USEPA, 1989d;  USEPA, 1989e; USEPA, 1991a; USEPA, 1991b; and USEPA, 1992).

1.4  This methods manual serves as a companion to the acute toxicity test methods for freshwater and marine
organisms (USEPA, 1993b), the short-term chronic toxicity test methods for marine and estuarine organisms
(USEPA, 1993a), and the manual for evaluation of laboratories performing aquatic toxicity tests (USEPA,
1991c).

1.5  Guidance for the implementation of toxicity tests in the NPDES program is provided in the Technical
Support Document for Water Quality-based Toxics Control (USEPA, 1991a).

1.6  These freshwater short-term toxicity tests are similar to those developed for marine and estuarine organisms
to evaluate the toxicity of effluents discharged to marine and estuarine waters under the NPDES permit program. 
Methods are presented in this manual for three species of freshwater organisms from three phylogenetic groups. 
The methods are all static renewal type seven-day tests except the green alga, Selenastrum capricornutum, test
which lasts four days.  

1.7  The three species for which test methods are provided are the fathead minnow, Pimephales promelas; the
daphnid, Ceriodaphnia dubia; and the green alga, Selenastrum capricornutum. 
  
1.7.1  The tests included in this document are based on the following methods:  

1. "A new fathead minnow (Pimephales promelas) subchronic toxicity test," by Teresa J. Norberg and
Donald I. Mount, 1985, Environmental Toxicology and Chemistry (Norberg and Mount, 1985).

2. "In-situ acute/chronic toxicological monitoring of industrial effluents for the NPDES biomonitoring
program using fish and amphibian embryo/larval stages as a test organism," by Wesley J. Birge and Jeffrey A.
Black, 1981, OWEP-82-001, Office of Water Enforcement and Permits, U.S. Environmental Protection Agency,
Washington, DC (USEPA, 1981).
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3. "A seven-day life-cycle cladoceran test,", by Donald I. Mount and  Teresa Norberg, 1984,
Environmental Toxicology and Chemistry (Mount and Norberg, 1984).
 

4. "The Selenastrum capricornutum Printz algal assay bottle test," by  William E. Miller, Joseph C. Greene
and Tamotsu Shiroyama, 1978, Environmental research Laboratory, U.S. Environmental Protection  Agency,
Corvallis, OR.  EPA/600/9-78/018 (USEPA, 1978a).

1.7.2  Two of the methods incorporate the chronic endpoint of growth in addition to lethality and one
incorporates reproduction.  The fathead minnow, Pimephales promelas, embryo-larval survival and teratogenicity
test incorporates teratogenic effects in addition to lethality.  The green alga, Selenastrum capricornutum, growth
test has the advantage of a relatively short exposure period (96 h).

1.8  The validity of the freshwater chronic methods in predicting adverse ecological impacts of toxic discharges
was demonstrated in field studies (USEPA, 1984; USEPA, 1985b; USEPA, 1985c; USEPA, 1985d; USEPA,
1986a; USEPA, 1986b; USEPA, 1986c; USEPA, 1986d; Birge et al., 1989; and Eagleson et al., 1990).
 
1.9  The use of any test species or test conditions other than those described in the methods summary tables in
this manual shall be subject to application and approval of alternate test procedures under 40 CFR 136.4 and 40
CFR 136.5.

1.10  These methods are restricted to use by, or under the supervision of, analysts experienced in the use or
conduct of aquatic toxicity tests and the  interpretation of data from aquatic toxicity testing.  Each analyst must
demonstrate the ability to generate acceptable test results with these methods using the procedures described in
this methods manual.

1.11  This manual was prepared in the established EMSL-Cincinnati format (USEPA, 1983). 
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SECTION 2 
 

SHORT-TERM METHODS FOR ESTIMATING CHRONIC TOXICITY
 

2.1  INTRODUCTION

2.1.1  The objective of aquatic toxicity tests with effluents or pure compounds is to estimate the "safe" or "no
effect" concentration of these substances, which is defined as the concentration which will permit normal
propagation of fish and other aquatic life in the receiving waters.  The endpoints that have been considered in
tests to determine the adverse effects of toxicants include death and survival, decreased reproduction and growth,
locomotor activity, gill ventilation rate, heart rate, blood chemistry, histopathology, enzyme activity, olfactory
function, and terata.  Since it is not feasible to detect and/or measure all of these (and other possible) effects of
toxic substances on a routine basis, observations in toxicity tests generally have been limited to only a few
effects, such as mortality, growth, and reproduction. 

2.1.2  Acute lethality is an obvious and easily observed effect which accounts for its wide use in the early period
of evaluation of the toxicity of pure compounds and complex effluents.  The results of these tests were usually
expressed as the concentration lethal to 50% of the test organisms (LC50) over relatively short exposure periods
(one-to-four days). 
 
2.1.3  As exposure periods of acute tests were lengthened, the LC50 and lethal threshold concentration were
observed to decline for many compounds.  By lengthening the tests to include one or more complete life cycles
and observing the more subtle effects of the toxicants, such as a reduction in growth and reproduction, more
accurate, direct, estimates of the threshold or safe concentration of the toxicant could be obtained.  However,
laboratory life-cycle tests may not accurately estimate the "safe" concentration of toxicants because they are
conducted with a limited number of species under highly controlled, steady-state conditions, and the results do
not include the effects of the stresses to which the organisms would ordinarily be exposed in the natural
environment. 
 
2.1.4  An early published account of a full life-cycle, fish toxicity test was that of Mount and Stephan (1967). 
In this study, fathead minnows, Pimephales promelas, were exposed to a graded series of pesticide
concentrations throughout their life cycle, and the effects of the toxicant on survival, growth, and reproduction
were measured and evaluated.  This work was soon followed by full life-cycle tests using other toxicants and
fish species.

2.1.5  McKim (1977) evaluated the data from 56 full life-cycle tests, 32 of which used the fathead minnow,
Pimephales promelas, and concluded that the embryo-larval and early juvenile life-stages were the most sensitive
stages.  He proposed the use of partial life-cycle toxicity tests with the early life-stages (ELS) of fish to establish
water quality criteria. 
 
2.1.6  Macek and Sleight (1977) found that exposure of critical life-stages of fish to toxicants provides estimates
of chronically safe concentrations remarkably similar to those derived from full life-cycle toxicity tests.  They
reported that "for a great majority of toxicants, the concentration which will not be acutely toxic to the most
sensitive life stages is the chronically safe concentration for fish, and that the most sensitive life stages are the
embryos and fry".  Critical life-stage exposure was considered to be exposure of the embryos during most,
preferably all, of the embryogenic (incubation) period, and exposure of the fry for 30 days post-hatch for warm
water fish with embryogenic periods ranging from one-to-fourteen days, and for 60 days post-hatch for fish with
longer embryogenic periods.  They concluded that in the majority of cases, the maximum acceptable toxicant
concentration (MATC) could be estimated from the results of exposure of the embryos during incubation, and the
larvae for 30 days post-hatch. 
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2.1.7  Because of the high cost of full life-cycle fish toxicity tests and the emerging consensus that the ELS test
data usually would be adequate for estimating chronically safe concentrations, there was a rapid shift by aquatic
toxicologists to 30 - 90-day ELS toxicity tests for estimating chronically safe concentrations in the late 1970s.  In
1980, USEPA adopted the policy that ELS test data could be used in establishing water quality criteria if data
from full life-cycle tests were not available (USEPA, 1980a). 

2.1.8  Published reports of the results of ELS tests indicate that the relative sensitivity of growth and survival as
endpoints may be species dependent, toxicant dependent, or both.  Ward and Parrish (1980) examined the
literature on ELS tests that used embryos and juveniles of the sheepshead minnow, Cyprinodon variegatus, and
found that growth was not a statistically sensitive indicator of toxicity in 16 of 18 tests.  They suggested that the
ELS tests be shortened to 14 days posthatch and that growth be eliminated as an indicator of toxic effects. 

2.1.9  In a review of the literature on 173 fish full life-cycle and ELS tests performed to determine the
chronically safe concentrations of a wide variety of toxicants, such as metals, pesticides, organics, inorganics,
detergents, and complex effluents, Woltering (1984) found that at the lowest effect concentration, significant
reductions were observed in fry survival in 57%, fry growth in 36%, and egg hatchability in 19% of the tests. 
He also found that fry survival and growth were very often equally sensitive, and concluded that the growth
response could be deleted from routine application of the ELS tests.  The net result would be a significant
reduction in the duration and cost of screening tests with no appreciable impact on estimating MATCs for
chemical hazard assessments.  Benoit et al. (1982), however, found larval growth to be the most significant
measure of effect, and survival to be equally or less sensitive than growth in early life-stage tests with four
organic chemicals. 
 
2.1.10  Efforts to further reduce the length of partial life-cycle toxicity tests for fish without compromising their
predictive value have resulted in the development of an eight-day, embryo-larval survival and teratogenicity test
for fish and other aquatic vertebrates (USEPA, 1981; Birge et al., 1985), and a seven-day larval survival and
growth test (Norberg and Mount, 1985). 2.1.11  The similarity of estimates of chronically safe concentrations of
toxicants derived from short-term, embryo-larval survival and teratogenicity tests to those derived from full
life-cycle tests has been demonstrated by Birge et al. (1981), Birge and Cassidy (1983), and Birge et al. (1985).

2.1.12  Use of a seven-day, fathead minnow, Pimephales promelas, larval survival and growth test was first
proposed by Norberg and Mount at the 1983 annual meeting of the Society for Environmental Toxicology and
Chemistry (Norberg and Mount, 1983).  This test was subsequently used by Mount and associates in field
demonstrations at Lima, OH (USEPA, 1984), and at many other locations.  Growth was frequently found to be
more sensitive than survival in determining the effects of complex effluents. 

2.1.13  Norberg and Mount (1985) performed three single toxicant fathead minnow larval growth tests with zinc,
copper, and DURSBAN , using dilution water from Lake Superior.  The results were comparable to, and had®

confidence intervals that overlapped with, chronic values reported in the literature for both ELS and full
life-cycle tests. 

2.1.14  Mount and Norberg (1984) developed a seven-day cladoceran partial life-cycle test and experimented
with a number of diets for use in culturing and testing the daphnid, Ceriodaphnia reticulata (Norberg and Mount,
1985).  As different laboratories began to use this cladoceran test, it was discovered that apparently more than
one species was involved in the tests conducted by the same laboratory.  Berner (1986) studied the problem and
determined that perhaps as many as three variant forms were involved and it was decided to recommend the use
of the more common Ceriodaphnia dubia rather than the originally reported Ceriodaphnia reticulata.  The
method was adopted for use in the first edition of the freshwater short-term chronic methods (USEPA, 1985e).  

2.1.15  The green alga, Selenastrum capricornutum, bottle test was developed, after extensive design, evaluation,
and application, for the National Eutrophication Research Program (USEPA, 1971).  The test was later modified
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for use in the assessment of receiving waters and the effects of wastes originating from industrial, municipal, and
agricultural point and non-point sources (USEPA, 1978a).

2.1.16  The use of short-term toxicity tests including subchronic and chronic tests in the NPDES Program is
especially attractive because they provide a more direct estimate of the safe concentrations of effluents in
receiving waters than was provided by acute toxicity tests, at an only slightly increased level of effort, compared
to the fish full life-cycle chronic and 28-day ELS tests and the 21-day daphnid, Daphnia magna, life-cycle test.

2.2  TYPES OF TESTS

2.2.1  The selection of the test type will depend on the NPDES permit requirements, the objectives of the test,
the available resources, the requirements of the test organisms, and effluent characteristics such as fluctuations in
effluent toxicity.

2.2.2  Effluent chronic toxicity is generally measured using a multi-concentration, or definitive test, consisting of
a control and a minimum of five effluent concentrations.  The tests are designed to provide dose-response
information, expressed as the percent effluent concentration that affects the hatchability, gross morphological
abnormalities, survival, growth, and/or reproduction within the prescribed period of time (four to seven days). 
The results of the tests are expressed in terms of the highest concentration that has no statistically significant
observed effect on those responses when compared to the controls or the estimated concentration that causes a
specified percent reduction in responses versus the controls.

2.2.3  Use of pass/fail tests consisting of a single effluent concentration (e.g., the receiving water concentration
or RWC) and a control is not recommended.  If the NPDES permit has a whole effluent toxicity limit for acute
toxicity at the RWC, it is prudent to use that permit limit as the midpoint of a series of five effluent
concentrations.  This will ensure that there is sufficient information on the dose-response relationship.  For
example, the effluent concentrations utilized in a test may be:
(1) 100% effluent, (2) (RWC + 100)/2, (3) RWC, (4) RWC/2, and (5) RWC/4.  More specifically, if the RWC =
50%, the effluent concentrations used in the toxicity test would be 100%, 75%, 50%, 25%, and 12.5%. 

2.2.4  Receiving (ambient) water toxicity tests commonly employ two treatments, a control and the undiluted
receiving water, but may also consist of a series of receiving water dilutions. 

2.2.5  A negative result from a chronic toxicity test does not preclude the presence of toxicity.  Also, because of
the potential temporal variability in the toxicity of effluents, a negative test result with a particular sample does
not preclude the possibility that samples collected at some other time might exhibit chronic toxicity.

2.2.6  The frequency with which chronic toxicity tests are conducted under a given NPDES permit is determined
by the regulatory agency on the basis of factors such as the variability and degree of toxicity of the waste,
production schedules, and process changes. 

2.2.7  Tests recommended for use in this methods manual may be static non-renewal or static renewal. 
Individual methods specify which static type of test is to be conducted. 

2.3  STATIC TESTS

2.3.1  Static non-renewal tests - The test organisms are exposed to the same test solution for the duration of the
test.

2.3.2  Static-renewal tests - The test organisms are exposed to a fresh solution of the same concentration of
sample every 24 h or other prescribed interval, either by transferring the test organisms from one test chamber to
another, or by replacing all or a portion of solution in the test chambers.
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2.4  ADVANTAGES AND DISADVANTAGES OF TOXICITY TEST TYPES

2.4.1  STATIC NON-RENEWAL, SHORT-TERM TOXICITY TESTS:

Advantages:

1. Simple and inexpensive.
2. Very cost effective in determining compliance with permit conditions.
3. Limited resources (space, manpower, equipment) required; would permit staff to perform many more

tests in the same amount of time.
4. Smaller volume of effluent required than for static renewal or flow-through tests.

Disadvantages:

1. Dissolved oxygen (DO) depletion may result from high chemical oxygen demand (COD), 
biological oxygen demand (BOD), or metabolic wastes. 

2. Possible loss of toxicants through volatilization and/or adsorption to the exposure vessels.
3. Generally less sensitive than static renewal, because the toxic substances may degrade or be adsorbed,

thereby reducing the apparent toxicity.  Also, there is less chance of detecting slugs of toxic wastes, or
other temporal variations in waste properties.

2.4.2  STATIC RENEWAL, SHORT-TERM TOXICITY TESTS:

Advantages:

1. Reduced possibility of DO depletion from high COD and/or BOD, or ill effects from 
metabolic wastes from organisms in the test solutions.

2. Reduced possibility of loss of toxicants through volatilization and/or adsorption to the 
exposure vessels. 

3. Test organisms that rapidly deplete energy reserves are fed when the test solutions are 
renewed, and are maintained in a healthier state.

Disadvantages:

1. Require greater volume of effluent than non-renewal tests.
2. Generally less chance of temporal variations in waste properties. 
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SECTION 3

HEALTH AND SAFETY

3.1  GENERAL PRECAUTIONS 

3.1.1  Each laboratory should develop and maintain an effective health and safety program, requiring an ongoing
commitment by the laboratory management. This program should include (1) a safety officer with the
responsibility and authority to develop and maintain a safety program, (2) the preparation of a formal, written,
health and safety plan, which is provided to each of the laboratory staff, (3) an ongoing training program on
laboratory safety, and (4) regularly scheduled, documented, safety inspections.

3.1.2  Collection and use of effluents in toxicity tests may involve significant risks to personal safety and health. 
Personnel collecting effluent samples and conducting toxicity tests should take all safety precautions necessary
for the prevention of bodily injury and illness which might result from ingestion or invasion of infectious agents,
inhalation or absorption of corrosive or toxic substances through skin contact, and asphyxiation due to lack of
oxygen or presence of noxious gases.
 
3.1.3  Prior to sample collection and laboratory work, personnel will determine that all necessary safety
equipment and materials have been obtained and are in good condition.

3.1.4  Guidelines for the handling and disposal of hazardous materials must be strictly followed.

3.2  SAFETY EQUIPMENT 
 
3.2.1  PERSONAL SAFETY GEAR
 
3.2.1.1  Personnel should use safety equipment, as required, such as rubber aprons, laboratory coats, respirators,
gloves, safety glasses, hard hats, and safety shoes.  Plastic netting on glass beakers, flasks, and other glassware
minimizes breakage and subsequent shattering of the glass.

3.2.2  LABORATORY SAFETY EQUIPMENT

3.2.2.1  Each laboratory (including mobile laboratories) should be provided with safety equipment such as first
aid kits, fire extinguishers, fire blankets, emergency showers, chemical spill clean up kits, and eye fountains.

3.2.2.2  Mobile laboratories should be equipped with a telephone or other means to enable personnel to summon
help in case of emergency.

3.3  GENERAL LABORATORY AND FIELD OPERATIONS 

3.3.1  Work with effluents should be performed in compliance with accepted rules pertaining to the handling of
hazardous materials (see safety manuals listed in Section 3, Health and Safety, SubSection 3.5).  It is
recommended that personnel collecting samples and performing toxicity tests not work alone. 

3.3.2  Because the chemical composition of effluents is usually only poorly known, they should be considered as
potential health hazards, and exposure to them should be minimized.  Fume and canopy hoods over the toxicity
test areas must be used whenever possible. 
 
3.3.3  It is advisable to cleanse exposed parts of the body immediately after collecting effluent samples.
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3.3.4  All containers are to be adequately labeled to indicate their contents.

3.3.5  Staff should be familiar with safety guidelines on Material Safety Data Sheets for reagents and other
chemicals purchased from suppliers.  Incompatible materials should not be stored together.  Good housekeeping
contributes to safety and reliable results.

3.3.6  Strong acids and volatile organic solvents employed in glassware cleaning must be used in a fume hood or
under an exhaust canopy over the work area.

3.3.7  Electrical equipment or extension cords not bearing the approval of Underwriter Laboratories must not be
used.  Ground-fault interrupters must be installed in all "wet" laboratories where electrical equipment is used.

3.3.8  Mobile laboratories should be properly grounded to protect against electrical shock.

3.4  DISEASE PREVENTION 

3.4.1  Personnel handling samples which are known or suspected to contain human wastes should be immunized
against tetanus, typhoid fever, polio, and hepatitis B. 
 
3.5  SAFETY MANUALS

3.5.1  For further guidance on safe practices when collecting effluent samples and conducting toxicity tests,
check with the permittee and consult general safety manuals, including USEPA (1986e) and Walters and
Jameson (1984).
 
3.6  WASTE DISPOSAL

3.6.1  Wastes generated during toxicity testing must be properly handled and disposed of in an appropriate
manner.  Each testing facility will have its own waste disposal requirements based on local, state, and Federal
rules and regulations.  It is extremely important that these rules and regulations be known, understood, and
complied with by all persons responsible for, or otherwise involved in performing the toxicity testing activities. 
Local fire officials should be notified of any potentially hazardous conditions.
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SECTION 4

QUALITY ASSURANCE

4.1  INTRODUCTION 
 
4.1.1  Development and maintenance of a toxicity test laboratory quality assurance (QA) program (USEPA,
1991a) requires an ongoing commitment by laboratory management.  Each toxicity test laboratory should (1)
appoint a quality assurance officer with the responsibility and authority to develop and maintain a QA program;
(2) prepare a quality assurance plan with stated data quality objectives (DQOs); (3) prepare a written description
of laboratory standard operating procedures (SOPs) for culturing, toxicity testing, instrument calibration, sample
chain-of-custody procedures, laboratory sample tracking system, glassware cleaning, etc.; and (4) provide an
adequate, qualified technical staff for culturing and testing the organisms, and suitable space and equipment to
assure reliable data.

4.1.2  QA practices for toxicity testing laboratories must address all activities that affect the quality of the final
effluent toxicity test data, such as:  (1) effluent sampling and handling; (2) the source and condition of the test
organisms; (3) condition of equipment; (4) test conditions; (5) instrument calibration; (6) replication; (7) use of
reference toxicants; (8) record keeping; and (9) data evaluation.  

4.1.3  Quality control practices, on the other hand, consist of the more focused, routine, day-to-day activities
carried out within the scope of the overall QA program.  For more detailed discussion of quality assurance and
general guidance on good laboratory practices and laboratory evaluation related to toxicity testing, see FDA,
(1978); USEPA, (1979d), USEPA (1980b), USEPA (1980c), and USEPA (1991c); DeWoskin (1984); and Taylor
(1987).

4.1.4  Guidance for the evaluation of laboratories performing toxicity tests and laboratory evaluation criteria may
be found in USEPA (1991c).
 
4.2  FACILITIES, EQUIPMENT, AND TEST CHAMBERS 

4.2.1  Separate test organism culturing and toxicity testing areas should be provided to avoid possible loss of
cultures due to cross-contamination.  Ventilation systems should be designed and operated to prevent
recirculation or leakage of air from chemical analysis laboratories or sample storage and preparation areas into
organism culturing or testing areas, and from testing and sample preparation areas into culture rooms.
 
4.2.2  Laboratory and toxicity test temperature control equipment must be adequate to maintain recommended
test water temperatures.  Recommended materials must be used in the fabrication of the test equipment which
comes in contact with the effluent (see Section 5, Facilities, Equipment and Supplies; and specific toxicity test
method).

4.3  TEST ORGANISMS

4.3.1  The test organisms used in the procedures described in this manual are the fathead minnow, Pimephales
promelas, the daphnid, Ceriodaphnia dubia, and the green alga, Selenastrum capricornutum.  The fish and
invertebrates should appear healthy, behave normally, feed well, and have low mortality in the cultures, during
holding, and in test controls.  Test organisms should be positively identified to species (see Section 6, Test
Organisms).
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4.4  LABORATORY WATER USED FOR CULTURING AND TEST DILUTION WATER
 
4.4.1  The quality of water used for test organism culturing and for dilution water used in toxicity tests is
extremely important.  Water for these two uses should come from the same source.  The dilution water used in
effluent toxicity tests will depend in part on the objectives of the study and logistical constraints, as discussed in
detail in Section 7, Dilution Water. For tests performed to meet NPDES objectives, synthetic, moderately hard
water should be used.  The dilution water used for internal quality assurance tests with organisms, food, and
reference toxicants should be the water routinely used with success in the laboratory.  Types of water are
discussed in Section 5, Facilities, Equipment and Supplies.  Water used for culturing and test dilution should be
analyzed for toxic metals and organics at least annually or whenever difficulty is encountered in meeting
minimum acceptability criteria for control survival and reproduction or growth.  The concentration of the metals
Al, As, Cr, Co, Cu, Fe, Pb, Ni, and Zn, expressed as total metal, should not exceed 1 mg/L each, and Cd, Hg,
and Ag, expressed as total metal, should not exceed 100 ng/L each.  Total organochlorine pesticides plus PCBs
should be less than 50 ng/L (APHA, 1992).  Pesticide concentrations should not exceed USEPA's Ambient Water
Quality chronic criteria values where available. 

4.5  EFFLUENT AND RECEIVING WATER SAMPLING AND HANDLING 

4.5.1  Sample holding times and temperatures of effluent samples collected for on-site and off-site testing must
conform to conditions described in Section 8, Effluent and Receiving Water Sampling, Sample Handling, and
Sample Preparation for Toxicity Tests. 
 
4.6  TEST CONDITIONS 
 
4.6.1  Water temperature must be maintained within the limits specified for each test.  The temperature of test
solutions must be measured by placing the thermometer or probe directly into the test solutions, or by placing the
thermometer in equivalent volumes of water in surrogate vessels positioned at appropriate locations among the
test vessels.  Temperature should be recorded continuously in at least one test vessel for the duration of each
test.  Test solution temperatures must be maintained within the limits specified for each test.  DO concentration
and pH should be checked at the beginning of each test and daily throughout the test period.

4.7  QUALITY OF TEST ORGANISMS
 
4.7.1  If the laboratory performs short-term chronic toxicity tests routinely but does not have an ongoing test
organism culturing program and must obtain the test organisms from an outside source, the sensitivity of a batch
of test organisms must be determined with a reference toxicant in a short-term chronic toxicity test performed
monthly (see Subsections 4.14, 4.15, 4.16, and 4.17).  Where acute or short-term chronic toxicity tests are
performed with effluents or receiving waters using test organisms obtained from outside the test laboratory,
concurrent toxicity tests of the same type must be performed with a reference toxicant, unless the test organism
supplier provides control chart data from at least the last five monthly short-term chronic toxicity tests using the
same reference toxicity and control conditions (see Section 6, Test Organism).

4.7.2  The supplier should certify the species identification of the test organisms, and provide the taxonomic
reference (citation and page) or name(s) of the taxonomic expert(s) consulted.

4.7.3  If the laboratory maintains breeding cultures, the sensitivity of the offspring should be determined in a
short-term chronic toxicity test performed with a reference toxicant at least once each month (see Subsections
4.14, 4.15, 4.16, and 4.17).  If preferred, this reference toxicant test may be performed concurrently with an
effluent toxicity test.  However, if a given species of test organism produced by inhouse cultures is used only
monthly, or less frequently in toxicity tests, a reference toxicant test must be performed concurrently with each
short-term chronic effluent and/or receiving water toxicity test.
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4.7.4  If routine reference toxicant tests fail to meet acceptability criteria, the test must be immediately repeated. 
If the failed reference toxicant test was being performed concurrently with an effluent or receiving water toxicity
test, both tests must be repeated (For exception, see Section 4, Quality Assurance, SubSection 4.16.5).

4.8  FOOD QUALITY

4.8.1  The nutritional quality of the food used in culturing and testing fish and invertebrates is an important
factor in the quality of the toxicity test data.  This is especially true for the unsaturated fatty acid content of
brine shrimp nauplii, Artemia.  Problems with the nutritional suitability of the food will be reflected in the
survival, growth, and reproduction of the test organisms in cultures and toxicity tests.  Artemia cysts, and other
foods must be obtained as described in Section 5, Facilities, Equipment, and Supplies. 

4.8.2  Problems with the nutritional suitability of food will be reflected in the survival, growth, and reproduction
of the test organisms in cultures and toxicity tests.  If a batch of food is suspected to be defective, the
performance of organisms fed with the new food can be compared with the performance of organisms fed with a
food of known quality in side-by-side tests.  If the food is used for culturing, its suitability should be determined
using a short-term chronic test which will determine the affect of food quality on growth or reproduction of each
of the relevant test species in culture, using four replicates with each food source.  Where applicable, foods used
only in chronic toxicity tests can be compared with a food of known quality in side-by-side, multi-concentration
chronic tests, using the reference toxicant regularly employed in the laboratory QA program. For list of
commercial sources of Artemia cysts, see Table 2 of Section 5, Facilities, Equipment, and Supplies.

4.8.3  New batches of food used in culturing and testing should be analyzed for toxic organics and metals or
whenever difficulty is encountered in meeting minimum acceptability criteria for control survival and
reproduction or growth.  If the concentration of total organochlorine pesticides exceeds 0.15 mg/g wet weight, or
the concentration of total organochlorine pesticides plus PCBs exceeds 0.30 µg/g wet weight, or toxic metals (Al,
As, Cr, Cd, Cu, Pb, Ni, Zn, expressed as total metal) exceed 20 µg/g wet weight, the food should not be used
(for analytical methods see AOAC, 1990 and USDA, 1989).  For foods (e.g., such as YCT) which are used to
culture and test organisms, the quality of the food should meet the requirements for the laboratory water used for
culturing and test dilution water as described in Section 4.4 above.

4.9  ACCEPTABILITY OF SHORT-TERM CHRONIC TOXICITY TESTS 

4.9.1  For the tests to be acceptable, control survival in fathead minnow, Pimephales promelas, and the daphnid,
Ceriodaphnia dubia, tests must be 80% or greater.  At the end of the test, the average dry weight of surviving
seven-day-old fathead minnows in control chambers must equal or exceed 0.25 mg.  In Ceriodaphnia dubia
controls, at least 60% of the surviving adults should have produced their third brood in 7 ± 1 days, and the
number of young per surviving adult must be 15 or greater.  In algal toxicity tests, the mean cell density in the
controls after 96 h must equal or exceed 2 x 10  cells/mL and not vary more than 20% among replicates.  If5

these criteria are not met, the test must be repeated.

4.9.2  An individual test may be conditionally acceptable if temperature, DO, and other specified conditions fall
outside specifications, depending on the degree of the departure and the objectives of the tests (see test condition
summaries).  The acceptability of the test would depend on the experience and professional judgment of the
laboratory investigator and the reviewing staff of the regulatory authority.  Any deviation from test specifications
must be noted when reporting data from the test. 

4.10  ANALYTICAL METHODS

4.10.1  Routine chemical and physical analyses for culture and dilution water, food, and test solutions must
include established quality assurance practices outlined in USEPA methods manuals (USEPA, 1979a and
USEPA, 1979b).



12

4.10.2  Reagent containers should be dated and catalogued when received from the supplier, and the shelf life
should not be exceeded.  Also, working solutions should be dated when prepared, and the recommended shelf
life should be observed.

4.11  CALIBRATION AND STANDARDIZATION

4.11.1  Instruments used for routine measurements of chemical and physical parameters such as pH, DO,
temperature, and conductivity, must be calibrated and standardized according to instrument manufacturer's
procedures as indicated in the general section on quality assurance (see USEPA Methods 150.1, 360.1, 170.1,
and 120.1 in USEPA, 1979b).  Calibration data are recorded in a permanent log book. 

4.11.2  Wet chemical methods used to measure hardness, alkalinity and total residual chlorine must be
standardized prior to use each day according to the procedures for those specific USEPA methods (see USEPA
Methods 130.2 and 310.1 in USEPA, 1979b).

4.12  REPLICATION AND TEST SENSITIVITY

4.12.1  The sensitivity of the tests will depend in part on the number of replicates per concentration, the
significance level selected, and the type of statistical analysis.  If the variability remains constant, the sensitivity
of the test will increase as the number of replicates is increased.  The minimum recommended number of
replicates varies with the objectives of the test and the statistical method used for analysis of the data.

4.13  VARIABILITY IN TOXICITY TEST RESULTS

4.13.1  Factors which can affect test success and precision include (1) the experience and skill of the laboratory
analyst; (2) test organism age, condition, and sensitivity; (3) dilution water quality; (4) temperature control; and
(5) the quality and quantity of food provided.  The results will depend upon the species used and the strain or
source of the test organisms, and test conditions, such as temperature, DO, food, and water quality.  The
repeatability or precision of toxicity tests is also a function of the number of test organisms used at each toxicant
concentration.  Jensen (1972) discussed the relationship between sample size (number of fish) and the standard
error of the test, and considered 20 fish per concentration as optimum for Probit Analysis.
 
4.14  TEST PRECISION 
 
4.14.1  The ability of the laboratory personnel to obtain consistent, precise results must be demonstrated with
reference toxicants before they attempt to measure effluent toxicity.  The single-laboratory precision of each type
of test to be used in a laboratory should be determined by performing at least five tests with a reference toxicant.

4.14.2  Test precision can be estimated by using the same strain of organisms under the same test conditions and
employing a known toxicant, such as a reference toxicant.

4.14.3  Interlaboratory precision data from chronic toxicity tests with two species using the reference toxicants
potassium chloride and copper sulfate are shown in Table 1.  Additional precision data for each of the tests
described in this manual are presented in the sections describing the individual test methods.
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TABLE 1. NATIONAL INTERLABORATORY STUDY OF CHRONIC TOXICITY TEST PRECISION,
1991:  SUMMARY OF RESPONSES USING A REFERENCE TOXICANT1

________________________________________________________________________________________

Organism Endpoint No. Labs % Effluent  SD CV(%)2

________________________________________________________________________________________

Pimephales Survival, NOEC 146 NA NA NA
 promelas Growth, IC25 124 4.67 1.87 40.0

Growth, IC50 117 6.36 2.04 32.1
Growth, NOEC 142 NA NA NA

________________________________________________________________________________________

Ceriodaphnia Survival, NOEC 162 NA NA NA
 dubia Reproduction, IC25 155 2.69 1.96 72.9

Reproduction, IC50 150 3.99 2.35 58.9
 Reproduction, NOEC 156 NA NA NA
________________________________________________________________________________________

From a national study of interlaboratory precision of toxicity test data performed in 1991 by the Environmental1

Monitoring Systems Laboratory- Cincinnati, U.S. Environmental Protection Agency, Cincinnati, OH 45268.
Participants included Federal, state, and private laboratories engaged in NPDES permit compliance monitoring.
Expressed as % effluent; in reality it was a reference toxicant (KCl) but was not known by the persons2

conducting the tests.

4.14.4  Additional information on toxicity test precision is provided in the Technical Support Document for
Water Quality-based Control (see pp. 2-4, and 11-15 in USEPA, 1991a).

4.14.5  In cases where the test data are used in Probit Analysis or other point estimation techniques (see
Section 9, Chronic Toxicity Test Endpoints and Data Analysis), precision can be described by the mean, standard
deviation, and relative standard deviation (percent coefficient of variation, or CV) of the calculated endpoints
from the replicated tests.  In cases where the test data are used in the Linear Interpolation Method, precision can
be estimated by empirical confidence intervals derived by using the ICPIN Method (see Section 9, Chronic
Toxicity Test Endpoints and Data Analysis).  However, in cases where the results are reported in terms of the
No-Observed-Effect Concentration (NOEC) and Lowest-Observed-Effect Concentration (LOEC) (see Section 9,
Chronic Toxicity Test Endpoints and Data Analysis) precision can only be described by listing the NOEC-LOEC
interval for each test.  It is not possible to express precision in terms of a commonly used statistic.  However,
when all tests of the same toxicant yield the same NOEC-LOEC interval, maximum precision has been attained. 
The "true" no effect concentration could fall anywhere within the interval, NOEC ± (NOEC minus LOEC).

4.14.6  It should be noted here that the dilution factor selected for a test determines the width of the
NOEC-LOEC interval and the inherent maximum precision of the test.  As the absolute value of the dilution
factor decreases, the width of the NOEC-LOEC interval increases, and the inherent maximum precision of the
test decreases.  When a dilution factor of 0.3 is used, the NOEC could be considered to have a relative
variability as high as ± 300%.  With a dilution factor of 0.5, the NOEC could be considered to have a relative
variability of ± 100%.  As a result of the variability of different dilution factors,  USEPA recommends the use
of the dilution factor of 0.5 or greater.  Other factors which can affect test precision include:  test organism
age, condition, and sensitivity; temperature control; and feeding.
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4.15  DEMONSTRATING ACCEPTABLE LABORATORY PERFORMANCE

4.15.1  It is a laboratory's responsibility to demonstrate its ability to obtain consistent, precise results with
reference toxicants before it performs toxicity tests with effluents for permit compliance purposes.  To meet this
requirement, the intralaboratory precision, expressed as percent coefficient of variation (CV%), of each type of
test to be used in the laboratory should be determined by performing five or more tests with different batches of
test organisms, using the same reference toxicant, at the same concentrations, with the same test conditions (i.e.,
the same test duration, type of dilution water, age of test organisms, feeding, etc.), and the same data analysis
methods.  A reference toxicant concentration series (0.5 or higher) should be selected that will consistently
provide partial mortalities at two or more concentrations.

4.16  DOCUMENTING ONGOING LABORATORY PERFORMANCE

4.16.1  Satisfactory laboratory performance is demonstrated by performing at least one acceptable test per month
with a reference toxicant for each toxicity test method commonly used in the laboratory.  For a given test
method, successive tests must be performed with the same reference toxicant, at the same concentrations, in the
same dilution water, using the same data analysis methods.  Precision may vary with the test species, reference
toxicant, and type of test.

4.16.2  A control chart should be prepared for each combination of reference toxicant, test species, test
conditions, and endpoints.  Toxicity endpoints from five or six tests are adequate for establishing the control
charts.  Successive toxicity endpoints (NOECs, IC25s, LC50s, etc.) should be plotted and examined to determine
if the results (X ) are within prescribed limits (Figure 1).  The types of control charts illustrated (see USEPA,1

1979a) are used to evaluate the cumulative trend of results from a series of samples.  For endpoints that are
point estimates (LC50s and IC25s), the cumulative mean( ) and upper and lower control limits (± 2S) are re-
calculated with each successive test result.  Endpoints from hypothesis tests (NOEC, NOAEC) from each test are
plotted directly on the control chart.  The control limits would consist of one concentration interval above and
below the concentration representing the central tendency.  After two years of data collection, or a minimum of
20 data points, the control (cusum) chart should be maintained using only the 20 most recent data points.

4.16.3  The outliers, which are values falling outside the upper and lower control limits, and trends of increasing
or decreasing sensitivity, are readily identified.  In the case of endpoints that are point estimates (LC50s and
IC25s), at the P  probability level, one in 20 tests would be expected to fall outside of the control limits by0.05

chance alone.  If more than one out of 20 reference toxicant tests fall outside the control limits, the effluent
toxicity tests conducted during the month in which the second reference toxicant test failed are suspect, and
should be considered as provisional and subject to careful review.  Control limits for the NOECs will also be
exceeded occasionally, regardless of how well a laboratory performs.

4.16.4  If the toxicity value from a given test with a reference toxicant falls well outside the expected range for
the other test organisms when using the standard dilution water and other test conditions, the sensitivity of the
organisms and the overall credibility of the test system are suspect.  In this case, the test procedure should be
examined for defects and should be repeated with a different batch of test organisms.

4.16.5  Performance should improve with experience, and the control limits for endpoints that are point estimates
should gradually narrow.  However, control limits of ± 2S will be exceeded 5% of the time by chance alone,
regardless of how well a laboratory performs.  Highly proficient laboratories which develop very narrow control
limits may be unfairly penalized if a test result which falls just outside the control limits is rejected de facto. 
For this reason, the width of the control limits should be considered by the permitting authority in determining
whether the outliers should be rejected.
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4.17  REFERENCE TOXICANTS

4.17.1  Reference toxicants such as sodium chloride (NaCl), potassium chloride (KCl), cadmium chloride
(CdCl ), copper sulfate (CuSO ), sodium dodecyl sulfate (SDS), and potassium dichromate (K Cr O ), are2 4 2 2 7

suitable for use in the NPDES Program and other Agency programs requiring aquatic toxicity tests.  EMSL-
Cincinnati hopes to release USEPA-certified solutions of cadmium and copper for use as reference toxicants
through cooperative research and development agreements with commercial suppliers, and will continue to
develop additional reference toxicants for future release.  Interested parties can determine the availability of
"EPA Certified" reference toxicants by checking the EMSL-Cincinnati electronic bulletin board, using a modem
to access the following telephone number:  513-569-7610.  Standard reference materials also can be obtained
from commercial supply houses, or can be prepared inhouse using reagent grade chemicals.  The regulatory
agency should be consulted before reference toxicant(s) are selected and used.



16

Where: X = Successive toxicity values from toxicity tests.i

n = Number of tests.
= Mean toxicity value.

S = Standard deviation.

Figure 1.  Control (cusum) charts. (A) hypothesis testing results;  (B) point estimates (LC, EC, or IC).

4.18  RECORD KEEPING

4.18.1  Proper record keeping is important.  A complete file should be maintained for each individual toxicity
test or group of tests on closely related samples.  This file should contain a record of the sample chain-of-
custody; a copy of the sample log sheet; the original bench sheets for the test organism responses during the
toxicity test(s); chemical analysis data on the sample(s); detailed records of the test organisms used in the test(s),
such as species, source, age, date of receipt, and other pertinent information relating to their history and health;
information on the calibration of equipment and instruments; test conditions employed; and results of reference
toxicant tests.  Laboratory data should be recorded on a real-time basis to prevent the loss of information or
inadvertent introduction of errors into the record.  Original data sheets should be signed and dated by the
laboratory personnel performing the tests.

4.18.2  The regulatory authority should retain records pertaining to discharge permits.  Permittees are required to
retain records pertaining to permit applications and compliance for a minimum of 3 years [40 CFR 122.41(j)(2)].

4.19  VIDEO TAPES OF USEPA CULTURE AND TOXICITY TEST METHODS

4.19.1  Three video-based training packages are available from the National Technical Information Service
(NTIS), Department of Commerce, 5285 Port Royal Road, Springfield, VA  22161.  Credit card orders can be
placed by calling toll-free (800) 788-6282, or by FAX at 703-321-8547, or by mail at the above address.  For
other information call 703-487-4650.

1. Order # ELA18254: "U.S. EPA Freshwater Culturing Methods for Ceriodaphnia dubia and the Fathead
Minnow (Pimephales promelas),"   consisting of a 24-minute video and 33-page supplemental report on 
culturing Ceriodaphnia, and an 18 minute video and 22-page report on culturing fathead minnows, and a copy of
Short-term Methods for Estimating the chronic Toxicity of Effluents and Receiving Waters to  Freshwater
Organisms (EPA-600/4-89/001).  Price $60.00.

2. Order # ELA18036: "U.S. EPA Test Methods for Freshwater Toxicity Tests," consisting of a 23-minute
video and 26-page supplemental report on Ceriodaphnia survival and reproduction toxicity tests, and a 15-minute
video and 18-page report on fathead minnow survival and growth toxicity tests, and a copy of Short-term
Methods for Estimating the chronic Toxicity of Effluents and Receiving Waters to Freshwater Organisms (EPA-
600/4-89/001).  Price $45.00.

3. Order # ELA18301: U.S. EPA Culturing and Test Methods for Freshwater Effluent Toxicity Tests using
Ceriodaphnia dubia and Fathead Minnows  (Pimephales promelas), consisting of all four videos and
supplemental  reports, and a copy of the short-term toxicity test manual.  Price  $90.00.

4.20 SUPPLEMENTAL REPORTS FOR TRAINING VIDEO TAPES

4.20.1 Supplemental Reports for Training Video Tapes are included in training packages above. 
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SECTION 5

FACILITIES, EQUIPMENT, AND SUPPLIES

5.1  GENERAL REQUIREMENTS 
 
5.1.1  Effluent toxicity tests may be performed in a fixed or mobile laboratory.  Facilities must include
equipment for rearing and/or holding organisms.  Culturing facilities for test organisms may be desirable in fixed
laboratories which perform large numbers of tests.  Temperature control can be achieved using circulating water
baths, heat exchangers, or environmental chambers.  Water used for rearing, holding, acclimating, and testing
organisms may be ground water, receiving water, dechlorinated tap water, or reconstituted synthetic water. 
Dechlorination can be accomplished by carbon filtration, or the use of sodium thiosulfate.  Use of 3.6 mg
(anhydrous) sodium thiosulfate/L will reduce l.0 mg chlorine/L.  After dechlorination, total residual chlorine
should be non-detectable.  Air used for aeration must be free of oil and toxic vapors.  Oil-free air pumps should
be used where possible.  Particulates can be removed from the air using BALSTON  Grade BX or equivalent®

filters (Balston, Inc., Lexington, Massachusetts), and oil and other organic vapors can be removed using activated
carbon filters (BALSTON , C-1 filter, or equivalent).®

5.1.2  The facilities must be well ventilated and free from fumes.  Laboratory ventilation systems should be
checked to ensure that return air from chemistry laboratories and/or sample holding areas is not circulated to test
organism culture rooms or toxicity test rooms, or that air from toxicity test rooms does not contaminate culture
areas.  Sample preparation, culturing, and toxicity test areas should be separated to avoid cross contamination of
cultures or toxicity test solutions with toxic fumes.  Air pressure differentials between such rooms should not
result in a net flow of potentially contaminated air to sensitive areas through open or loosely- fitting doors. 
Organisms should be shielded from external disturbances.

5.1.3  Materials used for exposure chambers, tubing, etc., that come in contact with the effluent and dilution
water should be carefully chosen.  Tempered glass and perfluorocarbon plastics (TEFLON ) should be used®

whenever possible to minimize sorption and leaching of toxic substances.  These materials may be reused
following decontamination.  Containers made of plastics, such as polyethylene, polypropylene, polyvinyl chloride,
TYGON , etc., may be used as test chambers or to ship, store and transfer effluents and receiving waters, but®

they should not be reused unless absolutely necessary, because they could carry over adsorbed toxicants from
one test to another, if reused.  However, these containers may be repeatedly reused for storing uncontaminated
waters, such as deionized or laboratory-prepared dilution waters and receiving waters.  Glass or disposable
polystyrene containers can be used for test chambers.  The use of large (≥ 20 L) glass carboys is discouraged for
safety reasons. 

5.1.4  New plastic products of a type not previously used should be tested for  toxicity before initial use by
exposing the test organisms in the test system where the material is used.  Equipment (pumps, valves, etc.)
which cannot be discarded after each use because of cost, must be decontaminated according to the cleaning
procedures listed below (see Section 5, Facilities, Equipment and Supplies, SubSection 5.3.2).  Fiberglass and
stainless steel, in addition to the previously mentioned materials, can be used for holding, acclimating, and
dilution water storage tanks, and in the water delivery system, but once contaminated with pollutants the
fiberglass should not be reused.  All material should be flushed or rinsed thoroughly with the test media before
using in the test.

5.1.5  Copper, galvanized material, rubber, brass, and lead must not come in contact with culturing, holding,
acclimation, or dilution water, or with effluent samples and test solutions.  Some materials, such as several types
of neoprene rubber (commonly used for stoppers), may be toxic and should be tested before use. 
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5.1.6  Silicone adhesive used to construct glass test chambers absorbs some organochlorine and
organophosphorus pesticides, which are difficult to remove.  Therefore, as little of the adhesive as possible
should be in contact with water.  Extra beads of adhesive inside the containers should be removed. 

5.2  TEST CHAMBERS 

5.2.1  Test chamber size and shape are varied according to size of the test organism.  Requirements are specified
in each toxicity test method.

5.3  CLEANING TEST CHAMBERS AND LABORATORY APPARATUS
 
5.3.1  New plasticware used for sample collection or organism exposure vessels does not require thorough
cleaning before use.  It is sufficient to rinse new sample containers once with dilution water before use.  New
glassware must be soaked overnight in 10% acid (see below) and rinsed well in deionized water and dilution
water.
 
5.3.2  All non-disposable sample containers, test vessels, tanks, and other equipment that have come in contact
with effluent must be washed after use to remove contaminants as described below.   

1. Soak 15 min in tap water and scrub with detergent, or clean in an automatic dishwasher.
2. Rinse twice with tap water.
3. Carefully rinse once with fresh, dilute (10%, V:V) hydrochloric or  nitric acid to remove scale, metals

and bases.  To prepare a 10% solution of acid, add 10 mL of concentrated acid to 90 mL of deionized
water. 

4. Rinse twice with deionized water.
5. Rinse once with full-strength, pesticide-grade acetone to remove organic compounds (use a fume hood

or canopy).
6. Rinse three times with deionized water.

5.3.3  Special requirements for cleaning glassware used in the green alga, Selenastrum capricornutum, toxicity
tests (Method 1003.0 Section 14).  Prepare all graduated cylinders, test flasks, bottles, volumetric flasks,
centrifuge tubes and vials used in algal assays as follows: 

1. Wash with non-phosphate detergent solution, preferably heated to ≥ 50˚C.  Brush the inside of flasks
with a stiff-bristle brush to loosen any attached material.  The use of a commercial laboratory glassware
washer or heavy-duty kitchen dishwasher (under-counter type) is highly recommended.

2. Rinse with tap water.
3. Test flasks should be thoroughly rinsed with acetone and a 10% solution (by volume) of reagent grade

hydrochloric acid (HCl).  It may be advantageous to soak the flasks in 10% HCl for several days.  Fill
vials and centrifuge tubes with the 10% HCl solution and allow to stand a few minutes; fill all larger
containers to about one-tenth capacity with HCl solution and swirl so that the entire surface is bathed.

4. Rinse twice with MILLIPORE  MILLI-Q  OR QPAK™ , or equivalent, water.® ®
2

5. New test flasks, and all flasks which through use may become contaminated with toxic organic
substances, must be rinsed with  pesticide-grade acetone or heat-treated before use.  To thermally  
degrade organics, place glassware in a high temperature oven at 400˚C for 30 min.  After cooling, go to
7.  If acetone is used, go to 6.

6. Rinse thoroughly with MILLIPORE  MILLI-Q  or QPAK™ , or equivalent  water, and dry in an 105˚C® ®
2

oven.  All glassware should be autoclaved before use and between uses.
7. Cover the mouth of each chamber with aluminum foil or other closure, as appropriate, before storing.

5.3.4  The use of sterile, disposable pipets will eliminate the need for pipet washing and minimize the possibility
of contaminating the cultures with toxic substances.
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5.3.5  All test chambers and equipment must be thoroughly rinsed with the dilution water immediately prior to
use in each test. 

5.4  APPARATUS AND EQUIPMENT FOR CULTURING AND TOXICITY TESTS

5.4.1  Apparatus and equipment requirements for culturing and testing are specified in each toxicity test method. 
Also, see USEPA, 1993b.

5.4.2  WATER PURIFICATION SYSTEM

5.4.2.1  A good quality deionized water, providing 18 mega-ohm, laboratory grade water, should be available in
the laboratory and in sufficient capacity for laboratory needs.  Deionized water may be obtained from
MILLIPORE  Milli-Q , MILLIPORE  QPAK™  or equivalent system.  If large quantities of high quality® ® ®

2

deionized water are needed, it may be advisable to supply the laboratory grade deionizer with preconditioned
water from a Culligan , Continental , or equivalent.® ®

5.5  REAGENTS AND CONSUMABLE MATERIALS

5.5.1  SOURCES OF FOOD FOR CULTURE AND TOXICITY TESTS

1. Brine shrimp, Artemia sp., cysts -- A list of commercial sources is listed in Table 2.
2. Frozen adult brine shrimp, Artemia -- Available from most pet supply shops or from San Francisco Bay

Brand, 8239 Enterprise Dr., Newark, CA 94560  (415-792-7200).
3. Flake fish food -- TETRAMIN  and BIORIL  are available from most pet shops.® ®

4. Trout chow -- Available from Zeigler Bros., P.O. Box 95, Gardners, PA 17324 (717-677-6181 or 800-841-
6800); Glencoe Mills, 1011 Elliott St., Glencoe, MN 55336 (612-864-3181); or Murray Elevators, 118 West
4800 South, Murray, UT 84107 (800-521-9092).

5. CEROPHYLL  -- Available from Ward's Natural Science Establishment,  Inc., P.O. Box 92912, Rochester,®

NY 14692-9012 (716-359-2502) or as cereal leaves from Sigma Chemical Company, P.O. Box 14508,
St. Louis, MO 63178 (800-325-3010).

6. Yeast -- Packaged dry yeast, such as Fleischmann's, or equivalent, can be purchased at the local grocery
store or is available from Lake States Yeast, Rhineland, WI.

7. Alfalfa Rabbit Pellets -- Available from feed stores as Purina rabbit chow.
8. Algae - Available from (1) the American Type Culture Collection, 12301 Parklawn Drive, Rockville, MD

10852; or (2) the Culture Collection of Algae, Botany Department, University of Texas, Austin, TX 78712.

5.5.1.1  All food should be tested for nutritional suitability and chemically analyzed for organochlorine pesticides,
PCBs, and toxic metals (see Section 4, Quality Assurance).

5.5.2  Reagents and consumable materials are specified in each toxicity test method section.  Also, see Section 4,
Quality Assurance.

5.6  TEST ORGANISMS

5.6.1  Test organisms should be obtained from inhouse cultures or from commercial suppliers (see specific test
method; Section 4, Quality Assurance; and Section 6, Test Organisms).

5.7  SUPPLIES

5.7.1  See test methods (see Sections 11-14) for specific supplies.
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    TABLE 2.  COMMERCIAL SUPPLIERS OF BRINE SHRIMP (ARTEMIA) CYSTS1,2

Aquafauna Biomarine Aquarium Products
P.O. Box 5 180L Penrod Court
Hawthorne, CA 90250 Glen Burnie, MD 21061
Tel. (310) 973-5275 Tel. (800) 368-2507
Fax. (310) 676-9387 Tel. (301) 761-2100
(Great Salt Lake North Arm, Fax.  (410) 761-6458
San Francisco Bay) (Columbia)

Argent Chemical INVE Artemia Systems
8702 152nd Ave. NE Oeverstraat 7
Redmond, WA  98052 B-9200 Baasrode, Belgium
Tel. (800) 426-6258 Tel. 011-32-52-331320
Tel. (206) 855-3777 Fax. 011-32-52-341205
Fax. (206) 885-2112 (For marine species - AF  grade)
(Platinum Label - San Francisco [small nauplii], UL grade [large
Bay; Gold Label - San Francisco nauplii], for freshwater species-
Bay, Brazil;  Silver Label - HI grade [small nauplii], EG grade
Great Salt Lake, Australia; [large nauplii]
Bronze Label - China, Canada, other)

Bonneville Artemia Intl., Inc. Golden West Artemia
P.O. Box 511113 411 East 100 South
Salt Lake City, UT  84151-1113 Salt Lake City, UT 84111
Tel. (801) 972-4704 Tel. (801) 975-1222
Fax. (801) 972-7495 Fax. (801) 975-1444

Ocean Star International San Francisco Bay Brand
P.O. Box 643 8239 Enterprise Drive
Snowville, UT 84336 Newark, CA 94560
Tel. (801) 872-8217 Tel. (510) 792-7200
Fax.  (801) 872-8272 Fax. (510) 792-5360
(Great Salt Lake) (Great Salt Lake,

San Francisco Bay)

Sanders Brine Shrimp Co. Western Brine Shrimp
3850 South 540 West 957 West South Temple
Ogden, UT 84405 Salt Lake City, UT 84104
Tel. (801) 393-5027 Tel. (801) 364-3642
(Great Salt Lake) Fax. (801) 534-0211

(Great Salt Lake)

Sea Critters Inc.
P.O. Box 1508
Tavernier, FL 33070
Tel. (305) 367-2672

 List from David A. Bengston, University of Rhode Island, Narragansett, RI.1

 The geographic sources from which the vendors obtain the brine shrimp2

  cysts are shown in parentheses.
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 SECTION 6

TEST ORGANISMS

6.1  TEST SPECIES

6.1.1  The species used in characterizing the chronic toxicity of effluents and/or receiving waters will depend on
the requirements of the regulatory authority and the objectives of the test.  It is essential that good quality test
organisms be readily available throughout the year from inhouse or commercial sources to meet NPDES
monitoring requirements.  The organisms used in the toxicity tests must be identified to species.  If there is any
doubt as to the identity of the test organism, representative specimens should be sent to a taxonomic expert to
confirm the identification.

6.1.2  Toxicity test conditions and culture methods for the species listed in SubSection 6.1.3 are provided in this
manual also, see USEPA, 1993b.

6.1.3  The organisms used in the short-term chronic toxicity tests described in this manual are the fathead
minnow, Pimephales promelas, the daphnid, Ceriodaphnia dubia (Berner, 1986), and the green alga, Selenastrum
capricornutum. 

6.1.4  Some states have developed culturing and testing methods for indigenous species that may be as sensitive,
or more sensitive, than the species recommended in SubSection 6.1.3.  However, USEPA allows the use of
indigenous species only where state regulations require their use or prohibit importation of the recommended
species in SubSection 6.2.6.  Where state regulations prohibit importation of non-native fishes or the use of
recommended test species, permission must be requested from the appropriate state agency prior to their use.

6.1.5  Where states have developed culturing and testing methods for indigenous species other than those
recommended in this manual, data comparing the sensitivity of the substitute species and the one or more
recommended species must be obtained in side-by-side toxicity tests with reference toxicants and/or effluents, to
ensure that the species selected are at least as sensitive as the recommended species.  These data must be
submitted to the permitting authority (State or Region) if required.  USEPA acknowledges that reference
toxicants prepared from pure chemicals may not always be representative of effluents.  However, because of the
observed and/or potential variability in the quality and toxicity of effluents, it is not possible to specify a
representative effluent.

6.1.6  Guidance for the selection of test organisms where the salinity of the effluent and/or receiving water
requires special consideration is provided in the Technical Support Document for Water Quality-based Toxics
Control (USEPA, 1991a).

1. Where the salinity of the receiving water is < 1‰, freshwater organisms are used regardless of the
salinity of the effluent.

2. Where the salinity of the receiving water is ≥ 1‰, the choice of organisms depends on state water
quality standards and/or permit requirements.

6.2  SOURCES OF TEST ORGANISMS

6.2.1  The test organisms recommended in this manual can be cultured in the laboratory using culturing and
handling methods for each organism described in the respective test method sections.  The fathead minnow,
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Pimephales promelas, culture method is given in Section 11 and not repeated in Section 12.  Also, see USEPA
(1993b).

6.2.2  Inhouse cultures should be established wherever it is cost effective.  If inhouse cultures cannot be
maintained or it is not cost effective, test organisms or starter cultures should be purchased from experienced
commercial suppliers (see USEPA, 1993b).

6.2.3  Starter cultures of the green algae, Selenastrum capricornutum, S. minutum, and Chlamydomonas
reinhardti are available from the following sources:

1. American Type Culture Collection (Culture No. ATCC 22662), 12301 Parklawn Drive, Rockville, MD
10852.

2. Culture Collection of Algae, Botany Department, University of Texas, Austin, TX 78712. 

6.2.4  Because the daphnid, Ceriodaphnia dubia, must be cultured individually in the laboratory for at least
seven days before the test begins, it will be necessary to obtain a starter culture from a commercial source at
least three weeks before the test is to begin if they are not being cultured inhouse.

6.2.5  If, because of their source, there is any uncertainty concerning the identity of the organisms, it is advisable
to have them examined by a taxonomic specialist to confirm their identification.  For detailed guidance on
identification, see the individual test methods.
 
6.2.6  FERAL (NATURAL OCCURRING, WILD CAUGHT) ORGANISMS

6.2.6.1  The use of test organisms taken from the receiving water has strong appeal, and would seem to be a
logical approach.  However, it is generally impractical and not recommended for the following reasons:

1. Sensitive organisms may not be present in the receiving water because of previous exposure to the
effluent or other pollutants.

2. It is often difficult to collect organisms of the required age and quality from the receiving water.
3. Most states require collecting permits, which may be difficult to obtain.  Therefore, it is usually more

cost effective to culture the organisms in the laboratory or obtain them from private, state, or Federal
sources.  The fathead minnow, Pimephales promelas, the daphnid, Ceriodaphnia dubia, and the green
alga, Selenastrum capricornutum, are easily cultured in the laboratory or readily available commercially.

4. The required QA/QC records, such as the single laboratory precision data, would not be available.
5. Since it is mandatory that the identity of the test organism be known to species level, it would be

necessary to examine each organism caught in the wild to confirm its identity.  This would usually be
impractical or, at the least, very stressful to the organisms.

6. Test organisms obtained from the wild must be observed in the laboratory for a minimum of one week
prior to use, to assure that they are free of signs of parasitic or bacterial infections and other adverse
effects.  Fish captured by electroshocking must not be used in toxicity testing.

6.2.6.2  Guidelines for collecting natural occurring organisms are provided in USEPA (1973), USEPA (1990)
and USEPA (1993c).

6.2.7  Regardless of their source, test organisms should be carefully observed to ensure that they are free of
signs of stress and disease, and in good physical condition.  Some species of test organisms can be obtained
from commercial stock certified as "disease-free".
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6.3  LIFE STAGE

6.3.1  Young organisms are often more sensitive to toxicants than are adults.  For this reason, the use of early
life stages, such as larval fish, is required for all tests.  There may be special cases, however, where the limited
availability of organisms will require some deviation from the recommended life stage.  In a given test, all
organisms should be approximately the same age and should be taken from the same source.  Since age may
affect the results of the tests, it would enhance the value and comparability of the data if the same species in the
same life stages were used throughout a monitoring program at a given facility.

6.4  LABORATORY CULTURING

6.4.1  Instructions for culturing and/or holding the recommended test organisms are included in the respective
test methods (also, see USEPA, 1993b).

6.5  HOLDING AND HANDLING TEST ORGANISMS

6.5.1  Test organisms should not be subjected to changes of more than 3˚C in water temperature in any 12 h
period or 2 units of pH in any 24-h period.

6.5.2  Organisms should be handled as little as possible.  When handling is necessary, it should be done as
gently, carefully, and quickly as possible to minimize stress.  Organisms that are dropped or touch a dry surface
or are injured during handling must be discarded.  Dipnets are best for handling larger organisms.  These nets
are commercially available or can be made from small-mesh nylon netting, silk batting cloth, plankton netting, or
similar material.  Wide-bore, smooth glass tubes (4 to 8 mm ID) with rubber bulbs or pipettors (such as
PROPIPETTE ) should be used for transferring smaller organisms such as larval fish.®

6.5.3  Holding tanks for fish are supplied with good quality water (see Section 5, Facilities, Equipment, and
Supplies) with flow-through rate of at least two tank volumes per day.  Otherwise use a recirculation system
where water flows through an activated carbon or undergravel filter to remove dissolved metabolites.  Culture
water can also be piped through high intensity ultraviolet light sources for disinfection, and to photodegrade
dissolved organics.

6.5.4  Crowding must be avoided because it will stress the organisms and lower the DO concentrations to
unacceptable levels.  The solution of oxygen depends on temperature and altitude.  The DO must be maintained
at a minimum of 4.0 mg/L.  Aerate gently if necessary.

6.5.5  The organisms should be observed carefully each day for signs of disease, stress, physical damage, or
mortality.  Dead and abnormal organisms should be removed as soon as observed.  It is not uncommon for some
fish mortality (5-10%) to occur during the first 48 h in a holding tank because of individuals that refuse to feed
on artificial food and die of starvation.  Organisms in the holding tanks should generally be fed as in the cultures
(see culturing methods in the respective methods).

6.5.6  Fish should be fed as much as they will eat at least once a day with live brine shrimp nauplii, Artemia, or
frozen adult brine shrimp, or dry food (frozen food should be completely thawed before use).  Adult brine
shrimp can be supplemented with commercially prepared food such as TETRAMIN  or BIORIL  flake food, or® ®

equivalent.  Excess food and fecal material should be removed from the bottom of the tanks at least twice a
week by siphoning.

6.5.7  Fish should be observed carefully each day for signs of disease, stress, physical damage, and mortality. 
Dead and abnormal specimens should be removed as soon as observed.  It is not uncommon to have some fish
(5-10%) mortality during the first 48 h in a holding tank because of individuals that refuse to feed on artificial
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food and die of starvation.  Fish in the holding tanks should generally be fed as in the cultures (see culturing
methods in the respective methods).

6.5.8  A daily record of feeding, behavioral observations, and mortality should be maintained.

6.6  TRANSPORTATION TO THE TEST SITE

6.6.1  Organisms are transported from the base or supply laboratory to a remote test site in culture water or
standard dilution water in plastic bags or large-mouth screw-cap (500 mL) plastic bottles in styrofoam coolers. 
Adequate DO is maintained by replacing the air above the water in the bags with oxygen from a compressed gas
cylinder, and sealing the bags or by use of an airstone supplied by a portable pump.  The DO concentration must
not fall below 4.0 mg/L.

6.6.2  Upon arrival at the test site, the organisms are transferred to receiving water if receiving water is to be
used as the test dilution water.  All but a small volume of the holding water (approximately 5%) is removed by
siphoning and replaced slowly over a 10 to 15 minute period with dilution water.  If receiving water is to be
used as the dilution water, caution must be exercised in exposing the test organisms to it, because of the
possibility that it might be toxic.  For this reason, it is recommended that only approximately 10% of the test
organisms be exposed initially to the dilution water.  If this group does not show excessive mortality or obvious
signs of stress in a few hours, the remainder of the test organisms may be transferred to the dilution water.

6.6.3  A group of organisms must not be used for a test if they appear to be unhealthy, discolored, or otherwise
stressed, or if mortality appears to exceed 10% preceding the test.  If the organisms fail to meet these criteria,
the entire group must be discarded and a new group obtained.  The mortality may be due to the presence of
toxicity, if the receiving water is used as dilution water, rather than a diseased condition of the test organisms.  If
the acclimation process is repeated with a new group of test organisms and excessive mortality occurs, it is
recommended that an alternative source of dilution water be used.

6.7  TEST ORGANISM DISPOSAL

6.7.1  When the toxicity test(s) is concluded, all test organisms (including controls) should be humanely
destroyed and disposed of in an appropriate manner.
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SECTION 7

DILUTION WATER

7.1  TYPES OF DILUTION WATER

7.1.1  The type of dilution water used in effluent toxicity tests will depend largely on the objectives of the study.
 
7.1.1.1  If the objective of the test is to estimate the chronic toxicity of the effluent, which is the primary objective
of NPDES permit-related toxicity testing, a synthetic (standard) dilution water (moderately hard water) is used.  If
the test organisms have been cultured in water which is different from the test dilution water, a second set of
controls, using culture water, should be included in the test.

7.1.1.2  If the objective of the test is to estimate the chronic toxicity of  the effluent in uncontaminated receiving
water, the test may be conducted using dilution water consisting of a single grab sample of receiving water (if
non-toxic), collected either upstream and outside the influence of the  outfall, or with other uncontaminated natural
water (ground or surface water) or standard dilution water having approximately the same characteristics (hardness,
alkalinity, and conductivity) as the receiving water.  Seasonal variations in the quality of receiving waters may affect
effluent toxicity.  Therefore, the pH, alkalinity, hardness, and conductivity of receiving water samples should be
determined before each use.  If the test organisms have been cultured in water which is different from the test
dilution water, a second set of controls, using culture water, should be included in the test.

7.1.1.3. If the objective of the test is to determine the additive or mitigating effects of the discharge on already
contaminated receiving water, the test is performed using dilution water consisting of receiving water collected
immediately upstream or outside the influence of the outfall.  A second set of controls, using culture water, should
be included in the test.

7.2  STANDARD, SYNTHETIC DILUTION WATER

7.2.1  Standard, synthetic dilution water is prepared with deionized water and reagent grade chemicals or mineral
water (Tables 3 and 4).  The source water for the deionizer can be ground water or tap water.

7.2.2  DEIONIZED WATER USED TO PREPARE STANDARD, SYNTHETIC, DILUTION WATER

7.2.2.1  Deionized water is obtained from a MILLIPORE  MILLI-Q , MILLIPORE  QPAK  or equivalent system.® ® ® ™
2

It is advisable to provide a preconditioned (deionized) feed water by using a Culligan , Continental , or equivalent® ®

system in front of the MILLIPORE  System to extend the life of the MILLIPORE  cartridges (see Section 5,® ®

Facilities, Equipment, and Supplies). 

7.2.2.2  The recommended order of the cartridges in a four-cartridge deionizer (i.e., MILLI-Q  System or equivalent)®

is (1) ion exchange, (2) ion exchange, (3) carbon, and (4) organic cleanup (such as ORGANEX-Q , or equivalent)®

followed by a final bacteria filter.  The QPAK  water system is a sealed system which does not allow for the™
2

rearranging of the cartridges.  However, the final cartridge is an ORGANEX-Q  filter, followed by a final bacteria®

filter.  Commercial laboratories using this system have not experienced any difficulty in using the water for culturing
or testing.  Reference to the MILLI-Q  systems throughout the remainder of the manual includes all MILLIPORE® ®

or equivalent systems. 

7.2.3  STANDARD, SYNTHETIC FRESHWATER
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7.2.3.1  To prepare 20 L of synthetic, moderately hard, reconstituted water, use the reagent grade chemicals in Table
3 as follows:

1. Place 19 L of MILLI-Q , or equivalent, water in a properly cleaned plastic carboy.®

2. Add 1.20 g of MgSO , 1.92 g NaHCO , and 0.080g KCl to the carboy.4 3

3. Aerate overnight.
4. Add 1.20 g of CaSO ×2H 0 to 1 L of MILLI-Q  or equivalent deionized water in a separate flask.  Stir4 2

®

on magnetic stirrer until calcium sulfate is dissolved, add to the 19 L above, and mix well.
5. For Ceriodaphnia dubia culturing and testing, add sufficient sodium selenate (Na SeO ) to provide 2 mg2 4

selenium per liter of final dilution water.
6. Aerate the combined solution vigorously for an additional 24 h to   dissolve the added chemicals and

stabilize the medium.
7. The measured pH, hardness, etc., should be as listed in Table 3.

  TABLE 3. PREPARATION OF SYNTHETIC FRESHWATER USING REAGENT GRADE
CHEMICALS1

Water Reagent Added (mg/L)     Final Water Quality2

Type Alka-
 NaHCO  CaSO A2H O MgSO Kcl      pH Hardness           linity3 4              2 4

3 4 4

Very soft 12.0 7.5 7.5 0.5 6.4-6.8 10-13 10-13
Soft 48.0 30.0 30.0 2.0 7.2-7.6 40-48 30-35
Moderately
  Hard 96.0 60.0 60.0 4.0 7.4-7.8 80-100 60-70
Hard 192.0 120.0 120.0 8.0 7.6-8.0 160-180 110-120
Very hard 384.0 240.0 240.0 16.0 8.0-8.4 280-320 225-245

Taken in part from Marking and Dawson (1973).1

Add reagent grade chemicals to deionized water.2

Approximate equilibrium pH after 24 h of aeration.3

Expressed as mg CaCO /L.4
3

 

7.2.3.2  If large volumes of synthetic reconstituted water will be needed, it may be advisable to mix 1 L portions
of concentrated stock solutions of NaHCO , MgSO , and KCl for use in preparation of the reconstituted waters.3 4

7.2.3.3  To prepare 20 L of standard, synthetic, moderately hard, reconstituted water, using mineral water such as
PERRIER  Water, or equivalent (Table 4), follow the instructions below.®

1. Place 16 L of MILLI-Q  or equivalent water in a properly cleaned plastic carboy.®

2. Add 4 L of PERRIER  Water, or equivalent.®

3. Aerate vigorously for 24 h to stabilize the medium.
4. The measured pH, hardness and alkalinity of the aerated water will be as indicated in Table 4.
5. This synthetic water is referred to as diluted mineral water (DMW) in the toxicity test methods.
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    TABLE 4.  PREPARATION OF SYNTHETIC FRESHWATER USING MINERAL WATER1

 Final Water Quality 
Volume of Proportion 

Water Mineral Water of Mineral Alka-
Type Added (mL/L) Water (%) pH Hardness linity2 3 4 4

Very soft                     50               2.5 7.2-8.1 10-13 10-13
Soft 100 10.0 7.9-8.3 40-48 30-35
Moderately Hard 200 20.0 7.9-8.3 80-100 60-70
Hard 400 40.0 7.9-8.3 160-180 110-120
Very hard   --- --- --- ---  ---5

From Mount et al. (1987), and data provided by Philip Lewis, EMSL-Cincinnati, OH.1

Add mineral water to Milli-Q  water, or equivalent, to prepare Diluted Mineral Water (DMW).2 ®

Approximate equilibrium pH after 24 h of aeration.3

Expressed as mg CaCO /L.4
3

Dilutions of PERRIER  Water form a precipitate when concentrations equivalent to "very hard water" are5 ®

aerated. 

7.3  USE OF RECEIVING WATER AS DILUTION WATER

7.3.1  If the objectives of the test require the use of uncontaminated receiving water as dilution water, and the
receiving water is uncontaminated, it may be possible to collect a sample of the receiving water upstream of, or
close to, but outside of the zone influenced by the effluent.  However, if the receiving water is contaminated, it
may be necessary to collect the sample in an area "remote" from the discharge site, matching as closely as
possible the physical and chemical characteristics of the receiving water near the outfall.

7.3.2  The sample should be collected immediately prior to the test, but never more than 96 h before the test
begins.  Except where it is used within 24 h, or in the case where large volumes are required for flow through
tests, the sample should be chilled to 4˚C during or immediately following collection, and maintained at that
temperature prior to use in the test.

7.3.3  Receiving water containing debris or indigenous organisms that may be confused with or attack the test
organisms should be filtered through a sieve having 60 mm mesh openings prior to use.

7.3.4  Where toxicity-free dilution water is required in a test, the water is considered acceptable if test organisms
show the required survival, growth, and reproduction in the controls during the test. 

7.3.5  The regulatory authority may require that the hardness of the dilution water be comparable to the receiving
water at the discharge site.  This requirement can be satisfied by collecting an uncontaminated receiving water
with a suitable hardness, or adjusting the hardness of an otherwise suitable receiving water by addition of
reagents as indicated in Table 3.

7.4  USE OF TAP WATER AS DILUTION WATER

7.4.1  The use of tap water as dilution water is discouraged unless it is dechlorinated and passed through a
deionizer and carbon filter.  Tap water can be dechlorinated by deionization, carbon filtration, or the use of
sodium thiosulfate.  Use of 3.6 mg/L (anhydrous) sodium thiosulfate will reduce 1.0 mg chlorine/L (APHA,
1992).  Following dechlorination, total residual chlorine should not exceed 0.01 mg/L.  Because of the possible
toxicity of thiosulfate to test organisms, a control lacking thiosulfate should be included in toxicity tests utilizing
thiosulfate-dechlorinated water.
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7.4.2  To be adequate for general laboratory use following dechlorination, the tap water is passed through a
deionizer and carbon filter to remove toxic metals and organics, and to control hardness and alkalinity.

7.5  DILUTION WATER HOLDING

7.5.1  A given batch of dilution water should not be used for more than 14 days following preparation because
of the possible build-up of bacterial, fungal, or algal slime growth and the problems associated with it.  The
container should be kept covered and the contents should be protected from light.



29

SECTION 8

EFFLUENT AND RECEIVING WATER SAMPLING, SAMPLE HANDLING,
AND SAMPLE PREPARATION FOR TOXICITY TESTS

8.1  EFFLUENT SAMPLING 
 
8.1.1  The effluent sampling point should be the same as that specified in the NPDES discharge permit (USEPA,
1988a).  Conditions for exception would be:  (l) better access to a sampling point between the final treatment and
the discharge outfall; (2) if the processed waste is chlorinated prior to discharge, it may also be desirable to take
samples prior to contact with the chlorine to determine toxicity of the unchlorinated effluent; or (3) in the event there
is a desire to evaluate the toxicity of the influent to municipal waste treatment plants or separate wastewater streams
in industrial facilities prior to their being combined with other wastewater streams or non-contact cooling water,
additional sampling points may be chosen. 
 
8.1.2  The decision on whether to collect grab or composite samples is based on the objectives of the test and an
understanding of the short and long-term operations and schedules of the discharger.  If the effluent quality varies
considerably with time, which can occur where holding times are short, grab samples may seem preferable because
of the ease of collection and the potential of observing peaks (spikes) in toxicity.  However, the sampling duration
of a grab sample is so short that full characterization of an effluent over a 24-h period would require a prohibitively
large number of separate samples and tests.  Collection of a 24-h composite sample, however, may dilute toxicity
spikes, and average the quality of the effluent over the sampling period.  Sampling recommendations are provided
below (also see USEPA, 1993b).

8.1.3  Aeration during collection and transfer of effluents should be minimized to reduce the loss of volatile
chemicals.

8.1.4  Details of date, time, location, duration, and procedures used for effluent sample and dilution water collection
should be recorded.

8.2  EFFLUENT SAMPLE TYPES 
 
8.2.1  The advantages and disadvantages of effluent grab and composite samples are listed below:

8.2.1.1  GRAB SAMPLES

    Advantages: 
 

1. Easy to collect; require a minimum of equipment and on-site time. 
2. Provide a measure of instantaneous toxicity.  Toxicity spikes are not masked by dilution. 

    Disadvantages: 

1. Samples are collected over a very short period of time and on a relatively infrequent basis.  The chances
of detecting a spike in toxicity would depend on the frequency of sampling and the probability of missing
a spike is high.

8.2.1.2  COMPOSITE SAMPLES

Advantages:
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1. A single effluent sample is collected over a 24-h period.
2. The sample is collected over a much longer period of time than a single grab sample and contains all

toxicity spikes.

Disadvantages:

1. Sampling equipment is more sophisticated and expensive, and must be placed on-site for at least 24 h.
2. Toxicity spikes may not be detected because they are masked by dilution with less toxic wastes. 

8.3  EFFLUENT SAMPLING RECOMMENDATIONS 

8.3.1  When tests are conducted on-site, test solutions can be renewed daily with freshly collected samples, except
for the green alga, Selenastrum capricornutum, test which is not renewed. 

8.3.2  When tests are conducted off-site, a minimum of three samples are collected.  If these samples are collected
on Test Days 1, 3, and 5, the first sample would be used for test initiation, and for test solution renewal on Day 2.
The second sample would be used for test solution renewal on Days 3 and 4.  The third sample would be used for
test solution renewal on Days 5, 6, and 7. 

8.3.3  Sufficient sample volume must be collected to perform the required toxicity and chemical tests.  A 4-L (1-gal)
CUBITAINER  will provide sufficient sample volume for most tests.®

8.3.4  THE FOLLOWING EFFLUENT SAMPLING METHODS ARE RECOMMENDED:

8.3.4.1  Continuous Discharges
 

1. If the facility discharge is continuous, but the calculated retention time of a continuously discharged effluent
is less than 14 days and the variability of the waste is unknown, at a minimum, four grab samples or four
composite samples are collected over a 24-h period.  For example, a grab sample is taken every 6 h (total
of four samples) and each sample is used for a separate toxicity test, or four successive 6-h composite
samples are taken and each is used in a separate test.

2. If the calculated retention time of a continuously discharged effluent is greater than 14 days, or if it can be
demonstrated that the wastewater does not vary more than 10% in toxicity over a 24-h period, regardless
of retention time, a single grab sample is collected for a single toxicity test.

3. The retention time of the effluent in the wastewater treatment facility may be estimated from calculations
based on the volume of the retention basin and rate of wastewater inflow.  However, the calculated retention
time may be much greater than the actual time because of short-circuiting in the holding basin.  Where
short-circuiting is suspected, or sedimentation may have reduced holding basin capacity, a more accurate
estimate of the retention time can be obtained by carrying out a dye study.

8.3.4.2.  Intermittent discharges 

8.3.4.2.1 If the facility discharge is intermittent, a single grab sample is collected midway during each discharge
period.  Examples of intermittent discharges are:

1. When the effluent is continuously discharged during a single 8-h work shift (one sample is collected) or two
successive 8-h work shifts (two samples are collected).

2. When the facility retains the wastewater during an 8-h work shift, and then treats and releases the
wastewater as a batch discharge (one sample is collected).
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3. When, at the end the shift, clean up activities result in the discharge of a slug of toxic wastes (one sample
is collected).

8.4  RECEIVING WATER SAMPLING 

8.4.1  Logistical problems and difficulty in securing sampling equipment generally preclude the collection of
composite receiving water samples for toxicity tests.  Therefore, based on the requirements of the test, a single grab
sample or daily grab sample of receiving water is collected for use in the test.

8.4.2  The sampling point is determined by the objectives of the test.  In rivers, samples should be collected from
mid-stream and at mid-depth, if accessible.  In lakes the samples are collected at mid-depth.

8.4.3  To determine the extent of the zone of toxicity in the receiving water downstream from the outfall, receiving
water samples are collected at several distances downstream from the discharge.  The time required for the effluent-
receiving-water mixture to travel to sampling points downstream from the outfall, and the rate and degree of mixing,
may be difficult to ascertain.  Therefore, it may not be possible to correlate downstream toxicity with effluent toxicity
at the discharge point unless a dye study is performed.  The toxicity of receiving water samples from five stations
downstream from the discharge point can be evaluated using the same number of test vessels and test organisms as
used in one effluent toxicity test with five effluent dilutions. 

8.5  EFFLUENT AND RECEIVING WATER SAMPLE HANDLING, PRESERVATION, AND SHIPPING

8.5.1  Unless the samples are used in an on-site toxicity test the day of collection, they should be chilled and
maintained at 4˚C until used to inhibit microbial degradation, chemical transformations, and loss of highly volatile
toxic substances.

8.5.2  Composite samples should be chilled as they are collected.  Grab samples should be chilled immediately
following collection.

8.5.3  If the effluent has been chlorinated, total residual chlorine must be measured immediately following sample
collection.

8.5.4  Sample holding time begins when the last grab sample in a series is taken (i.e., when a series of four grab
samples are taken over a 24-h period),  or when a 24-h composite sampling period is completed.  If the data from
the samples are to be acceptable for use in the NPDES Program, the lapsed time (holding time) from sample
collection to first use of the sample in test initiation must not exceed 36 h.  EPA believes that 36 h is adequate time
to deliver the samples to the laboratories performing the test in most cases.  In the isolated cases, where the permittee
can document that this delivery time cannot be met, the permitting authority can allow an option for on-site testing
or a variance for an extension of shipped sample holding time.  The request for a variance in sample holding time,
directed to the USEPA Regional Administrator under 40 CFR 136.3(e) must include supportive data which show that
the toxicity of the effluent sample is not reduced (e.g., because of volatilization and/or sorption of toxics on the
sample container surfaces) by extending the holding time beyond more than 36 h.  However in no case should more
than 72 h elapse between collection and first use of the sample.  In static-renewal tests, the original sample may also
be used to prepare test solutions for renewal at 24 h and 48 h after test initiation, if stored at 4˚C, with minimum
head space, as described in SubSection 8.5.  Guidance for determining the persistence of the sample is provided in
SubSection 8.7.

8.5.5  To minimize the loss of toxicity due to volatilization of toxic constituents, all sample containers should be
"completely" filled, leaving no air space between the contents and the lid. 

8.5.6  SAMPLES USED IN ON-SITE TESTS 
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8.5.6.1  Samples collected for on-site tests should be used within 24 h.

8.5.7  SAMPLES SHIPPED TO OFF-SITE FACILITIES 
 
8.5.7.1  Samples collected for off-site toxicity testing are to be chilled to 4˚C during or immediately after collection,
and shipped iced to the performing  laboratory.  Sufficient ice should be placed with the sample in the shipping
container to ensure that ice will still be present when the sample arrives at the laboratory and is unpacked.  Insulating
material must not be placed between the ice and the sample in the shipping container.

8.5.7.2  Samples may be shipped in one or more 4-L (l-gal) CUBITAINERS  or new plastic "milk" jugs.  All sample®

containers should be rinsed with source water before being filled with sample.  After use with receiving water or
effluents, CUBITAINERS  and plastic jugs are punctured to prevent reuse. ®

8.5.7.3  Several sample shipping options are available, including Express Mail, air express, bus, and courier service.
Express Mail is delivered seven days a week.  Saturday and Sunday shipping and receiving schedules of private
carriers vary with the carrier. 

8.6  SAMPLE RECEIVING

8.6.1  Upon arrival at the laboratory, samples are logged in and the temperature is measured and recorded.  If the
samples are not immediately prepared for testing, they are stored at 4˚C until used.

8.6.2  Every effort must be made to initiate the test with an effluent sample on the day of arrival in the laboratory,
and the sample holding time should not exceed 36 h unless a variance has been granted by the NPDES permitting
authority.

8.7  PERSISTENCE OF EFFLUENT TOXICITY DURING SAMPLE SHIPMENT AND HOLDING

8.7.1  The persistence of the toxicity of an effluent prior to its use in a toxicity test is of interest in assessing the
validity of toxicity test data, and in determining the possible effects of allowing an extension of the holding time.
Where a variance in holding time (> 36 h, but ≤ 72 h) is requested by a permittee, (see SubSection 8.5.4 above),
information on the effects of the extension in holding time on the toxicity of samples must be obtained by comparing
the results of multi-concentration chronic toxicity tests performed on effluent samples held 36 h with toxicity test
results using the same samples after they were held for the requested, longer period.  The portion of the sample set
aside for the second test should be held under the same conditions as during shipment and holding.

8.8  PREPARATION OF EFFLUENT AND RECEIVING WATER SAMPLES FOR TOXICITY TESTS

8.8.1  When aliquots are removed from the sample container, the head space above the remaining sample should be
held to a minimum.  Air which enters a container upon removal of sample should be expelled by compressing the
container before reclosing, if possible (i.e., where a CUBITAINER  is used), or by using an appropriate discharge®

valve (spigot). 

8.8.2   With the daphnid, Ceriodaphnia dubia, and fathead minnow, Pimephales promelas, tests, effluents and
receiving waters must be filtered through a 60-µm plankton net to remove indigenous organisms that may attack or
be confused with the test organisms (see the daphnid, Ceriodaphnia dubia, test method for details).  Receiving waters
used in green alga, Selenastrum capricornutum, toxicity tests must be filtered through a 0.45-µm pore diameter filter
before use.  It may be necessary to first coarse-filter the dilution and/or waste water through a nylon sieve having
2- to 4-mm holes to remove debris and/or break up large floating or suspended solids.  Because filtration may
increase the DO in the effluent, the DO should be checked both before and after filtering.  Caution:  filtration may
remove some toxicity.
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8.8.3  If the samples must be warmed to bring them to the prescribed test temperature, supersaturation of the
dissolved oxygen and nitrogen may become a problem.  To avoid this problem, the effluent and dilution water are
checked with a DO probe after reaching test temperature and, if the DO is greater than 100% saturation or lower
than 4.0 mg/L, the solutions are aerated moderately (approximately 500 mL/min) for a few minutes, using an
airstone, until the DO is within the prescribed range (≥4.0 mg/L).  Caution:  avoid excessive aeration. 

8.8.4  The DO concentration in the samples should be near saturation prior to use.  Aeration will bring the DO and
other gases into equilibrium with air, minimize oxygen demand, and stabilize the pH.  However, aeration during
collection, transfer, and preparation of samples should be minimized to reduce the loss of volatile chemicals. 

8.8.4.1  Aeration during the test may alter the results and should be used only as a last resort to maintain the required
DO.  Aeration can reduce the apparent toxicity of the test solutions by stripping them of highly volatile toxic
substances, or increase their toxicity by altering pH.  However, the DO in the test solutions must not be allowed to
fall below 4.0 mg/L.

8.8.4.2  In static tests (renewal or non-renewal), low DOs may commonly occur in the higher concentrations of
wastewater.  Aeration is accomplished by bubbling air through a pipet at a rate of 100 bubbles/min.  If aeration is
necessary, all test solutions must be aerated.  It is advisable to monitor the DO closely during the first few hours
of the test.  Samples with a potential DO problem generally show a downward trend in DO within 4 to 8 h after the
test is started.  Unless aeration is initiated during the first 8 h of the test, the DO may be exhausted during an
unattended period, thereby invalidating the test.

8.8.5  At a minimum, pH, conductivity, and total residual chlorine are measured in the undiluted effluent or receiving
water, and pH and conductivity are measured in the dilution water.

8.8.5.1  It is recommended that total alkalinity and total hardness also be measured in the undiluted effluent test
water, receiving water, and the dilution water.

8.8.6  Total ammonia is measured in effluent and receiving water samples where toxicity may be contributed by un-
ionized ammonia (i.e., where total ammonia≥ 5 mg/L).  The concentration (mg/L) of un-ionized (free) ammonia in
a sample is a function of temperature and pH, and is calculated using the percentage value obtained from Table 5,
under the appropriate pH and temperature, and multiplying it by the concentration (mg/L) of total ammonia in the
sample.

8.8.7  Effluents and receiving waters can be dechlorinated using 6.7 mg/L anhydrous sodium thiosulfate to reduce
1 mg/L chlorine (APHA, 1992).  Note that the amount of thiosulfate required to dechlorinate effluents is greater than
the amount needed to dechlorinate tap water (see Section 7, Dilution Water, SubSection 7.4.1).  Since thiosulfate
may contribute to sample toxicity, a thiosulfate control should be used in the test in addition to the normal dilution
water control.

8.8.8  Mortality or impairment of growth or reproduction due to pH alone may occur if the pH of the sample falls
outside the range of 6.0 - 9.0.  Thus, the presence of other forms of toxicity (metals and organics) in the sample may
be masked by the toxic effects of low or high pH.  The question about the presence of other toxicants can be
answered only by performing two parallel tests, one with an adjusted pH, and one without an adjusted pH.
Freshwater samples are adjusted to pH 7.0 by adding 1N NaOH or 1N HCl dropwise, as required, being careful to
avoid overadjustment.
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TABLE 5. PERCENT UNIONIZED NH  IN AQUEOUS AMMONIA SOLUTIONS:  TEMPERATURES 15-26˚C3

AND pH 6.0-8.91

pH TEMPERATURE (˚C)

 
15 16 17 18 19 20 21 22 23 24 25 26

6.0 0.0274 0.0295 0.0318 0.0343 0.0369 0.0397 0.0427 0.0459 0.0493 0.0530 0.0568 0.0610
6.1 0.0345 0.0372 0.0400 0.0431 0.0464 0.0500 0.0537 0.0578 0.0621 0.0667 0.0716 0.0768
6.2 0.0434 0.0468 0.0504 0.0543 0.0584 0.0629 0.0676 0.0727 0.0781 0.0901 0.0901 0.0966
6.3 0.0546 0.0589 0.0634 0.0683 0.0736 0.0792 0.0851 0.0915 0.0983 0.1134 0.1134 0.1216
6.4 0.0687 0.0741 0.0799 0.0860 0.0926 0.0996 0.107 0.115 0.124 0.133 0.143 0.153
6.5 0.0865 0.0933 0.1005 0.1083 0.1166 0.1254 0.135 0.145 0.156 0.167 0.180 0.193
6.6 0.109 0.117 0.127 0.136 0.147 0.158 0.170 0.182 0.196 0.210 0.226 0.242
6.7 0.137 0.148 0.159 0.171 0.185 0.199 0.214 0.230 0.247 0.265 0.284 0.305
6.8 0.172 0.186 0.200 0.216 0.232 0.250 0.269 0.289 0.310 0.333 0.358 0.384
6.9 0.217 0.234 0.252 0.271 0.292 0.314 0.338 0.363 0.390 0.419 0.450 0.482
7.0 0.273 0.294 0.317 0.342 0.368 0.396 0.425 0.457 0.491 0.527 0.566 0.607
7.1 0.343 0.370 0.399 0.430 0.462 0.497 0.535 0.575 0.617 0.663 0.711 0.762
7.2 0.432 0.466 0.502 0.540 0.581 0.625 0.672 0.722 0.776 0.833 0.893 0.958
7.3 0.543 0.586 0.631 0.679 0.731 0.786 0.845 0.908 0.975 1.05 1.12 1.20
7.4 0.683 0.736 0.793 0.854 0.918 0.988 1.061 1.140 1.224 1.31 1.41 1.51
7.5 0.858 0.925 0.996 1.07 1.15 1.24 1.33 1.43 1.54 1.65 1.77 1.89
7.6 1.08 1.16 1.25 1.35 1.45 1.56 1.67 1.80 1.93 2.07 2.21 2.37
7.7 1.35 1.46 1.57 1.69 1.82 1.95 2.10 2.25 2.41 2.59 2.77 2.97
7.8 1.70 1.83 1.97 2.12 2.28 2.44 2.62 2.82 3.02 3.24 3.46 3.71
7.9 2.13 2.29 2.46 2.65 2.85 3.06 3.28 3.52 3.77 4.04 4.32 4.62
8.0 2.66 2.87 3.08 3.31 3.56 3.82 4.10 4.39 4.70 5.03 5.38 5.75
8.1 3.33 3.58 3.85 4.14 4.44 4.76 5.10 5.46 5.85 6.25 6.68 7.14
8.2 4.16 4.47 4.80 5.15 5.52 5.92 6.34 6.78 7.25 7.75 8.27 8.82
8.3 5.18 5.56 5.97 6.40 6.86 7.34 7.85 8.39 8.96 9.56 10.2 10.9
8.4 6.43 6.90 7.40 7.93 8.48 9.07 9.69 10.3 11.0 11.7 12.5 13.3
8.5 7.97 8.54 9.14 9.78 10.45 11.16 11.90 12.7 13.5 14.4 15.2 16.2
8.6 9.83 10.5 11.2 12.0 12.8 13.6 14.5 15.5 16.4 17.4 18.5 19.5
8.7 12.07 12.9 13.8 14.7 15.6 16.6 17.6 18.7 19.8 21.0 22.2 23.4
8.8 14.7 15.7 16.7 17.8 18.9 20.0 21.2 22.5 23.7 25.1 26.4 27.8
8.9 17.9 19.0 20.2 21.4 22.7 24.0 25.3 26.7 28.2 29.6 31.1 32.6

Table provided by Teresa Norberg-King, ERL, Duluth, Minnesota.  Also see Emerson et al. (1975), Thurston1

et al. (1974), and USEPA (1985a).

8.9  PRELIMINARY TOXICITY RANGE-FINDING TESTS

8.9.1  USEPA Regional and State personnel generally have observed that it is not necessary to conduct a toxicity
range-finding test prior to initiating a static, chronic, definitive toxicity test.  However, when preparing to
perform a static test with a sample of completely unknown quality, or before initiating a flow-through test, it is
advisable to conduct a preliminary toxicity range-finding test.
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8.9.2  A toxicity range-finding test ordinarily consists of a down-scaled, abbreviated static acute test in which
groups of five organisms are exposed to several widely-spaced sample dilutions in a logarithmic series, such as
100%, 10.0%, 1.00%, and 0.100%, and a control, for 8-24 h.  Caution:  if the sample must also be used for the
full-scale definitive test, the 36-h limit on holding time (see SubSection 8.5.4) must not be exceeded before the
definitive test is initiated.

8.9.3  It should be noted that the toxicity (LC50) of a sample observed in a range-finding test may be
significantly different from the toxicity observed in the follow-up chronic definitive test because:  (1) the
definitive test is longer; and (2) the test may be performed with a sample collected at a different time, and
possibly differing significantly in the level of toxicity.

8.10  MULTI-CONCENTRATION (DEFINITIVE) EFFLUENT TOXICITY TESTS 

8.10.1  The tests recommended for use in determining discharge permit compliance in the NPDES program are
multi-concentration, or definitive, tests which provide (1) a point estimate of effluent toxicity in terms of an
IC25, IC50, or LC50, or (2) a no-observed-effect-concentration (NOEC) defined in terms of mortality, growth,
reproduction, and/or teratogenicity and obtained by hypothesis testing.  The tests may be static renewal or static
non-renewal.

8.10.2  The tests consist of a control and a minimum of five effluent concentrations commonly selected to
approximate a geometric series, such as 100%, 50%, 25%, 12.5%, and 6.25%, using a ≥ 0.5 dilution series.

8.10.3  These tests are also to be used in determining compliance with permit limits on the mortality of the
receiving water concentration (RWC) of effluents by bracketing the RWC with effluent concentrations in the
following manner:  (1) 100% effluent, (2) [RWC + 100]/2, (3) RWC, (4) RWC/2, and (5) RWC/4.  For example,
where the RWC = 50%, the effluent concentrations used in the test would be 100%, 75%, 50%, 25%, and
12.5%. 

8.10.4  If acute/chronic ratios are to be determined by simultaneous acute and short-term chronic tests with a
single species, using the same sample, both types of tests must use the same test conditions, i.e., pH,
temperature, water hardness, salinity, etc.

8.11  RECEIVING WATER TESTS

8.11.1  Receiving water toxicity tests generally consist of 100% receiving water and a control.  The total
hardness of the control should be comparable to the receiving water.

8.11.2  The data from the two treatments are analyzed by hypothesis testing to determine if test organism
survival in the receiving water differs significantly from the control.  Four replicates and 10 organisms per
replicate are required for each treatment (see Summary of Test Conditions and Test Acceptability Criteria in the
specific test method).

8.11.3  In cases where the objective of the test is to estimate the degree of toxicity of the receiving water, a
multi-concentration test is performed by preparing dilutions of the receiving water, using a ≥ 0.5 dilution series,
with a suitable control water.
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SECTION 9

CHRONIC TOXICITY TEST ENDPOINTS AND DATA ANALYSIS 

9.1  ENDPOINTS 
 
9.1.1  The objective of chronic aquatic toxicity tests with effluents and pure compounds is to estimate the highest
"safe" or "no-effect concentration" of these substances.  For practical reasons, the responses observed in these
tests are usually limited to hatchability, gross morphological abnormalities, survival, growth, and reproduction,
and the results of the tests are usually expressed in terms of the highest toxicant concentration that has no
statistically significant observed effect on these responses, when compared to the controls.  The terms currently
used to define the endpoints employed in the rapid, chronic and sub-chronic toxicity tests have been derived
from the terms previously used for full life-cycle tests.  As shorter chronic tests were developed, it became
common practice to apply the same terminology to the endpoints.  The terms used in this manual are as follows:

9.1.1.1  Safe Concentration - The highest concentration of toxicant that will permit normal propagation of fish
and other aquatic life in receiving waters.  The concept of a "safe concentration" is a biological concept, whereas
the
"no-observed-effect concentration" (below) is a statistically defined
concentration.

9.1.1.2  No-Observed-Effect-Concentration (NOEC) - The highest concentration of toxicant to which organisms
are exposed in a full life-cycle or partial life-cycle (short-term) test, that causes no observable adverse effects on
the test organisms (i.e., the highest concentration of toxicant in which the values for the observed responses are
not statistically significantly different from the controls).  This value is used, along with other factors, to
determine toxicity limits in permits.

9.1.1.3  Lowest-Observed-Effect-Concentration (LOEC) - The lowest concentration of toxicant to which
organisms are exposed in a life-cycle or partial life-cycle (short-term) test, which causes adverse effects on the
test organisms (i.e., where the values for the observed responses are statistically significantly different from the
controls).

9.1.1.4  Effective Concentration (EC) - A point estimate of the toxicant concentration that would cause an
observable adverse affect on a quantal, "all or nothing," response (such as death, immobilization, or serious
incapacitation) in a given percent of the organisms, calculated by point estimation techniques.  If the observable
effect is death or immobility, the term, Lethal Concentration (LC), should be used (see SubSection 9.1.1.5).  A
certain EC or LC value might be judged from a biological standpoint to represent a threshold concentration, or
lowest concentration that would cause an adverse effect on the observed response.

9.1.1.5  Lethal Concentration (LC) - The toxicant concentration that would cause death in a given percent of the
test population.  Identical to EC when the observed adverse effect is death.  For example, the LC50 is the
concentration of toxicant that would cause death in 50% of the test population.

9.1.1.6  Inhibition Concentration (IC) - The toxicant concentration that would cause a given percent reduction in
a non-quantal biological measurement for the test population.  For example, the IC25 is the concentration of
toxicant that would cause a 25% reduction in mean young per female or in growth for the test population, and
the IC50 is the concentration of toxicant that would cause a 50% reduction.

9.2 RELATIONSHIP BETWEEN ENDPOINTS DETERMINED BY HYPOTHESIS TESTING AND
POINT ESTIMATION TECHNIQUES
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9.2.1  If the objective of chronic aquatic toxicity tests with effluents and pure compounds is to estimate the
highest "safe or no-effect concentration" of these substances, it is imperative to understand how the statistical
endpoints of these tests are related to the "safe" or "no-effect" concentration.  NOECs and LOECs are
determined by hypothesis testing (Dunnett's Test, a t test with the Bonferroni adjustment, Steel's Many-one Rank
Test, or the Wilcoxon Rank Sum Test with the Bonferroni adjustment), whereas LCs, ICs, and ECs are
determined by point estimation techniques (Probit Analysis, Spearman-Karber Method, Trimmed Spearman-
Karber Method, Graphical Method or Linear Interpolation Method).  There are inherent differences between the
use of a NOEC or LOEC derived from hypothesis testing to estimate a "safe" concentration, and the use of a
LC, EC, IC, or other point estimates derived from curve fitting, interpolation, etc.

9.2.2  Most point estimates, such as the LC, IC, or EC, are derived from a mathematical model that assumes a
continuous dose-response relationship.  By definition, any LC, IC, or EC value is an estimate of some amount of
adverse effect.  Thus the assessment of a "safe" concentration must be made from a biological standpoint rather
than with a statistical test.  In this instance, the biologist must determine some amount of adverse effect that is
deemed to be "safe", in the sense that from a practical biological viewpoint it will not affect the normal
propagation of fish and other aquatic life in receiving waters.

9.2.3  The use of NOECs and LOECs, on the other hand, assumes either (1) a continuous dose-response
relationship, or (2) a non-continuous (threshold) model of the dose-response relationship.

9.2.3.1  In the case of a continuous dose-response relationship, it is also assumed that adverse effects that are not
"statistically observable" are also not important from a biological standpoint, since they are not pronounced
enough to test as statistically significant against some measure of the natural variability of the responses.

9.2.3.2  In the case of non-continuous dose-response relationships, it is assumed that there exists a true threshold,
or concentration below which there is no adverse effect on aquatic life, and above which there is an adverse
effect.  The purpose of the statistical analysis in this case is to estimate as closely as possible where that
threshold lies.

9.2.3.3  In either case, it is important to realize that the amount of adverse effect that is statistically observable
(LOEC) or not observable (NOEC) is highly dependent on all aspects of the experimental design, such as the
number of concentrations of toxicant, number of replicates per concentration, number of organisms per replicate,
and use of randomization.  Other factors that affect the sensitivity of the test include the choice of statistical
analysis, the choice of an alpha level, and the amount of variability between responses at a given concentration.

9.2.3.4  Where the assumption of a continuous dose-response relationship is made, by definition some amount of
adverse effect might be present at the NOEC, but is not great enough to be detected by hypothesis testing. 

9.2.3.5  Where the assumption of a non-continuous dose-response relationship is made, the NOEC would indeed
be an estimate of a "safe" or "no-effect" concentration if the amount of adverse effect that appears at the
threshold is great enough to test as statistically significantly different from the controls in the face of all aspects
of the experimental design mentioned above.  If, however, the amount of adverse effect at the threshold were not
great enough to test as statistically different, some amount of adverse effect might be present at the NOEC.  In
any case, the estimate of the NOEC with hypothesis testing is always dependent on the aspects of the
experimental design mentioned above.  For this reason, the reporting and examination of some measure of the
sensitivity of the test (either the minimum significant difference or the percent change from the control that this
minimum difference represents) is extremely important.

9.2.4  In summary, the assessment of a "safe" or "no-effect" concentration cannot be made from the results of
statistical analysis alone, unless (1) the assumptions of a strict threshold model are accepted, and (2) it is
assumed that the amount of adverse effect present at the threshold is statistically detectable by hypothesis testing. 
In this case, estimates obtained from a statistical analysis are indeed estimates of a "no-effect" concentration. 
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If the assumptions are not deemed tenable, then estimates from a statistical analysis can only be used in
conjunction with an assessment from a biological standpoint of what magnitude of adverse effect constitutes a
"safe" concentration.  In this instance, a "safe" concentration is not necessarily a truly "no-effect" concentration,
but rather a concentration at which the effects are judged to be of no biological significance.

9.2.5  A better understanding of the relationship between endpoints derived by hypothesis testing (NOECs) and
point estimation techniques (LCs, ICs, and ECs) would be very helpful in choosing methods of data analysis. 
Norberg-King (1991) reported that the IC25s were comparable to the NOECs for 23 effluent and reference
toxicant data sets analyzed.  The data sets included short-term chronic toxicity tests for the fathead minnow,
Pimephales promelas, and the daphnid, Ceriodaphnia dubia.  Birge et al. (1985) reported that LC1s derived from
Probit Analysis of data from short-term embryo-larval tests with reference toxicants were comparable to NOECs
for several organisms.  Similarly, USEPA (1988d) reported that the IC25s were comparable to the NOECs for a
set of daphnid, Ceriodaphnia dubia, chronic tests with a single reference toxicant.  However, the scope of these
comparisons was very limited, and sufficient information is not yet available to establish an overall relationship
between these two types of endpoints, especially when derived from effluent toxicity test data.

9.3  PRECISION

9.3.1  HYPOTHESIS TESTS

9.3.1.1  When hypothesis tests are used to analyze toxicity test data, it is not possible to express precision in
terms of a commonly used statistic.  The results of the test are given in terms of two endpoints, the
No-Observed- Effect Concentration (NOEC) and the Lowest-Observed-Effect Concentration (LOEC).  The
NOEC and LOEC are limited to the concentrations selected for the test.  The width of the NOEC-LOEC interval
is a function of the dilution series, and differs greatly depending on whether a dilution factor of 0.3 or 0.5 is
used in the test design.  Therefore, USEPA recommends the use of the ≥ 0.5 dilution factor (see Section 4,
Quality Assurance).  It is not possible to place confidence limits on the NOEC and LOEC derived from a given
test, and it is difficult to quantify the precision of the NOEC-LOEC endpoints between tests.  If the data from a
series of tests performed with the same toxicant, toxicant concentrations, and test species, were analyzed with
hypothesis tests, precision could only be assessed by a qualitative comparison of the NOEC-LOEC intervals, with
the understanding that maximum precision would be attained if all tests yielded the same NOEC-LOEC interval. 
In practice, the precision of results of repetitive chronic tests is considered acceptable if the NOECs vary by no
more than one concentration interval above or below a central tendency.  Using these guidelines, the "normal"
range of NOECs from toxicity tests using a 0.5 dilution factor (two-fold difference between adjacent
concentrations), would be four-fold.

9.3.2  POINT ESTIMATION TECHNIQUES

9.3.2.1  Point estimation techniques have the advantage of providing a point estimate of the toxicant
concentration causing a given amount of adverse (inhibiting) effect, the precision of which can be quantitatively
assessed (1) within tests by calculation of 95% confidence limits, and (2) across tests by calculating a standard
deviation and coefficient of variation.

9.4  DATA ANALYSIS

9.4.1  ROLE OF THE STATISTICIAN

9.4.1.1  The use of the statistical methods described in this manual for routine data analysis does not require the
assistance of a statistician.  However, the interpretation of the results of the analysis of the data from any of the
toxicity tests described in this manual can become problematic because of the inherent variability and sometimes
unavoidable anomalies in biological data.  If the data appear unusual in any way, or fail to meet the necessary
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assumptions, a statistician should be consulted.  Analysts who are not proficient in statistics are strongly advised
to seek the assistance of a statistician before selecting the method of analysis and using any of the results. 
 
9.4.1.2  The statistical methods recommended in this manual are not the only possible methods of statistical
analysis.  Many other methods have been proposed and considered.  Certainly there are other reasonable and
defensible methods of statistical analysis for this kind of toxicity data.  Among alternative hypothesis tests some,
like Williams' Test, require additional assumptions, while others, like the bootstrap methods, require computer-
intensive computations.  Alternative point estimation approaches most probably would require the services of a
statistician to determine the appropriateness of the model (goodness of fit), higher order linear or nonlinear
models, confidence intervals for estimates generated by inverse regression, etc.  In addition, point estimation or
regression approaches would require the specification by biologists or toxicologists of some low level of adverse
effect that would be deemed acceptable or safe.  The statistical methods contained in this manual have been
chosen because they are (1) applicable to most of the different toxicity test data sets for which they are
recommended, (2) powerful statistical tests, (3) hopefully "easily" understood by nonstatisticians, and (4)
amenable to use without a computer, if necessary.

9.4.2  PLOTTING THE DATA

9.4.2.1  The data should be plotted, both as a preliminary step to help detect problems and unsuspected trends or
patterns in the responses, and as an aid in interpretation of the results.  Further discussion and plotted sets of
data are included in the methods and the Appendices.

9.4.3  DATA TRANSFORMATIONS

9.4.3.1  Transformations of the data, (e.g., arc sine square root and logs), are used where necessary to meet
assumptions of the proposed analyses, such as the requirement for normally distributed data.

9.4.4  INDEPENDENCE, RANDOMIZATION, AND OUTLIERS

9.4.4.1  Statistical independence among observations is a critical assumption in all statistical analysis of toxicity
data.  One of the best ways to insure independence is to properly follow rigorous randomization procedures.  
Randomization techniques should be employed at the start of the test, including the randomization of the
placement of test organisms in the test chambers and randomization of the test chamber location within the array
of chambers.  Discussions of statistical independence, outliers and randomization, and a sample randomization
scheme, are included in Appendix A.

9.4.5  REPLICATION AND SENSITIVITY

9.4.5.1  The number of replicates employed for each toxicant concentration is an important factor in determining
the sensitivity of chronic toxicity tests.  Test sensitivity generally increases as the number of replicates is
increased, but the point of diminishing returns in sensitivity may be reached rather quickly.  The level of
sensitivity required by a hypothesis test or the confidence interval for a point estimate will determine the number
of replicates, and should be based on the objectives for obtaining the toxicity data.

9.4.5.2  In a statistical analysis of toxicity data, the choice of a particular analysis and the ability to detect
departures from the assumptions of the analysis, such as the normal distribution of the data and homogeneity of
variance, is also dependent on the number of replicates.  More than the minimum number of replicates may be
required in situations where it is imperative to obtain optimal statistical results, such as with tests used in
enforcement cases or when it is not possible to repeat the tests.  For example, when the data are analyzed by
hypothesis testing, the nonparametric alternatives cannot be used unless there are at least four replicates at each
toxicant concentration.
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9.4.6  RECOMMENDED ALPHA LEVELS

9.4.6.1  The data analysis examples included in the manual specify an alpha level of 0.01 for testing the
assumptions of hypothesis tests and an alpha level of 0.05 for the hypothesis tests themselves.  These levels are
common and well accepted levels for this type of analysis and are presented as a recommended minimum
significance level for toxicity test data analysis.

9.5  CHOICE OF ANALYSIS

9.5.1  The recommended statistical analysis of most data from chronic toxicity tests with aquatic organisms
follows a decision process illustrated in the flowchart in Figure 2.  An initial decision is made to use point
estimation techniques (the Probit Analysis, the Spearman-Karber Method, the Trimmed Spearman-Karber
Method, the Graphical Method, or Linear Interpolation Method) and/or to use hypothesis testing (Dunnett's Test,
the t test with the Bonferroni adjustment, Steel's Many-one Rank Test, or the Wilcoxon Rank Sum Test with the
Bonferroni adjustment).  NOTE: For the NPDES Permit Program, the point estimation techniques are the
preferred statistical methods in calculating end points for effluent toxicity tests.  If hypothesis testing is
chosen, subsequent decisions are made on the appropriate procedure for a given set of data, depending on the
results of the tests of assumptions, as illustrated in the flowchart.  A specific flow chart is included in the
analysis section for each test.

9.5.2  Since a single chronic toxicity test might yield information on more than one parameter (such as survival,
growth, and reproduction), the lowest estimate of a "no-observed-effect concentration" for any of the responses
would be used as the "no-observed-effect concentration" for each test.  It follows logically that in the statistical
analysis of the data, concentrations that had a significant toxic effect on one of the observed responses would not
be subsequently tested for an effect on some other response.  This is one reason for excluding concentrations that
have shown a statistically significant reduction in survival from a subsequent hypothesis test for effects on
another parameter such as reproduction.  A second reason is that the exclusion of such concentrations usually
results in a more powerful and appropriate statistical analysis.  In performing the point estimation techniques
recommended in this manual, an all-data approach is used.  For example, data from concentrations above the
NOEC for survival are included in determining ICp estimates using the Linear Interpolation Method.

9.5.3  ANALYSIS OF GROWTH AND REPRODUCTION DATA

9.5.3.1  Growth data from the fathead minnow, Pimephales promelas, larval survival and growth test are
analyzed using hypothesis testing or point estimation techniques according to the flowchart in Figure 2.  The
above mentioned growth data may also be analyzed by generating a point estimate with the Linear Interpolation
Method.  Data from effluent concentrations that have tested significantly different from the control for survival
are excluded from further hypothesis tests concerning growth effects.  Growth is defined as the dry weight per
original number of test organisms when group weights are obtained.  When analyzing the data using point
estimation techniques, data from all concentrations are included in the analysis.  

9.5.3.2  Reproduction data from the daphnid, Ceriodaphnia dubia, survival and reproduction test are analyzed
using hypothesis testing or point estimation techniques according to the flowchart in Figure 2.  In hypothesis
testing, data from effluent concentrations that have significantly lower survival than the control, as determined by
Fisher's Exact test, are not included in the hypothesis tests for reproductive effects.  Data from all concentrations
are included when using point estimation techniques.

9.5.4  ANALYSIS OF ALGAL GROWTH RESPONSE DATA

9.5.4.1  The growth response data from the green alga, Selenastrum capricornutum, toxicity test, after an
appropriate transformation, if necessary, to meet the assumptions of normality and homogeneity of variance, may
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be analyzed by hypothesis testing according to the flowchart in Figure 2.  Point estimates, such as the IC25 and
IC50, would also be appropriate in analyzing algal growth data.

9.5.5  ANALYSIS OF MORTALITY DATA

9.5.5.1  Mortality data are analyzed by Probit Analysis, if appropriate, or other point estimation techniques (i.e.,
the Spearman-Karber Method, the Trimmed Spearman-Karber Method, or the Graphical Method) (see
Appendices I-L and the discussion below).  The mortality data can also be analyzed by hypothesis testing, after
an arc sine square root transformation (see Appendix B-F), according to the flowchart in Figure 2.

9.5.5.2  Mortality data from the daphnid, Ceriodaphnia dubia, survival and reproduction test are analyzed by
Fisher's Exact Test (Appendix G) prior to the analysis of the reproduction data.  The mortality data may also be
analyzed by Probit Analysis, if appropriate or other methods (see Subsection 9.5.5.1).
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Figure 2.  Flowchart for statistical analysis of test data
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9.6  HYPOTHESIS TESTS

9.6.1  DUNNETT'S PROCEDURE

9.6.1.1  Dunnett's Procedure is used to determine the NOEC.  The procedure consists of an analysis of variance
(ANOVA) to determine the error term, which is then used in a multiple comparison procedure for comparing
each of the treatment means with the control mean, in a series of paired tests (see Appendix C).  Use of
Dunnett's Procedure requires at least three replicates per treatment to check the assumptions of the test.  In cases
where the numbers of data points (replicates) for each concentration are not equal, a t test may be performed
with Bonferroni's adjustment for multiple comparisons (see Appendix D), instead of using Dunnett's Procedure.

9.6.1.2  The assumptions upon which the use of Dunnett's Procedure is contingent are that the observations
within treatments are normally distributed, with homogeneity of variance.  Before analyzing the data, these
assumptions must be tested using the procedures provided in Appendix B.

9.6.1.3  If, after suitable transformations have been carried out, the normality assumptions have not been met,
Steel's Many-one Rank Test should be used if there are four or more data points (replicates) per toxicant
concentration.  If the numbers of data points for each toxicant concentration are not equal, the Wilcoxon Rank
Sum Test with Bonferroni's adjustment should be used (see Appendix F).

9.6.1.4  Some indication of the sensitivity of the analysis should be provided by calculating (1) the minimum
difference between means that can be detected as statistically significant, and (2) the percent change from the
control mean that this minimum difference represents for a given test.

9.6.1.5  A step-by-step example of the use of Dunnett's Procedure is provided in Appendix C.

9.6.2  T TEST WITH THE BONFERRONI ADJUSTMENT

9.6.2.1  A t test with Bonferroni's adjustment is used as an alternative to Dunnett's Procedure when the number
of replicates is not the same for all concentrations.  This test sets an upper bound of alpha on the overall error
rate, in contrast to Dunnett's Procedure, for which the overall error rate is fixed at alpha.  Thus Dunnett's
Procedure is a more powerful test.

9.6.2.2  The assumptions upon which the use of the t test with Bonferroni's adjustment is contingent are that the
observations within treatments are normally distributed, with homogeneity of variance.  These assumptions must
be tested using the procedures provided in Appendix B.

9.6.2.3  The estimate of the safe concentration derived from this test is reported in terms of the NOEC.  A
step-by-step example of the use of the t test with Bonferroni's adjustment is provided in Appendix D.

9.6.3  STEEL'S MANY-ONE RANK TEST

9.6.3.1  Steel's Many-one Rank Test is a multiple comparison procedure for comparing several treatments with a
control.  This method is similar to Dunnett's Procedure, except that it is not necessary to meet the assumption of
normality.  The data are ranked, and the analysis is performed on the ranks rather than on the data themselves. 
If the data are normally or nearly normally distributed, Dunnett's Procedure would be more sensitive (would
detect smaller differences between the treatments and control).  For data that are not normally distributed, Steel's
Many-one Rank Test can be much more efficient (Hodges and Lehmann, 1956).

9.6.3.2  It is necessary to have at least four replicates per toxicant concentration to use Steel's test.  Unlike
Dunnett's procedure, the sensitivity of this test cannot be stated in terms of the minimum difference between
treatment means and the control mean that can be detected as statistically significant.
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9.6.3.3  The estimate of the safe concentration is reported as the NOEC.  A step-by-step example of the use of
Steel's Many-one Rank Test is provided in Appendix E.

9.6.4  WILCOXON RANK SUM TEST WITH THE BONFERRONI ADJUSTMENT

9.6.4.1  The Wilcoxon Rank Sum Test with the Bonferroni Adjustment is a nonparametric test for comparing
treatments with a control.  The data are ranked and the analysis proceeds exactly as in Steel's Test except that
Bonferroni's adjustment for multiple comparisons is used instead of Steel's tables.  When Steel's test can be used
(i.e., when there are equal numbers of data points per toxicant concentration), it will be more powerful (able to
detect smaller differences as statistically significant) than the Wilcoxon Rank Sum Test with Bonferroni's
adjustment.

9.6.4.2  The estimate of the safe concentration is reported as the NOEC.  A step-by-step example of the use of
the Wilcoxon Rank Sum Test with Bonferroni Adjustment is provided in Appendix F.

9.6.5  A CAUTION IN THE USE OF HYPOTHESIS TESTING

9.6.5.1  If in the calculation of an NOEC by hypothesis testing, two tested concentrations cause statistically
significant adverse effects, but an intermediate concentration did not cause statistically significant effects, the
results should be used with extreme caution.

9.7  POINT ESTIMATION TECHNIQUES

9.7.1  PROBIT ANALYSIS

9.7.1.1 Probit Analysis is used to estimate the LC1, LC50, EC1, or EC50 and the associated 95% confidence
interval.  The analysis consists of adjusting the data for mortality in the control, and then using a maximum
likelihood technique to estimate the parameters of the underlying log tolerance distribution, which is assumed to
have a particular shape.

9.7.1.2 The assumption upon which the use of Probit Analysis is contingent is a normal distribution of log
tolerances.  If the normality assumption is not met, and at least two partial mortalities are not obtained, Probit
Analysis should not be used.  It is important to check the results of Probit Analysis to determine if use of the
analysis is appropriate.  The chi-square test for heterogeneity provides one good test of appropriateness of the
analysis.  The computer program (see Appendix I) checks the chi-square statistic calculated for the data set
against the tabular value, and provides an error message if the calculated value exceeds the tabular value.

9.7.1.3 A discussion of Probit Analysis, and examples of computer program input and output, are found in
Appendix I.  

9.7.1.4 In cases where Probit Analysis is not appropriate, the LC50 and associated confidence interval may be
estimated by the Spearman-Karber Method (Appendix J) or the Trimmed Spearman-Karber Method (Appendix
K).  If the test results in 100% survival and 100% mortality in adjacent treatments (all or nothing effect), the
LC50 may be estimated using the Graphical Method (Appendix L).

9.7.2  LINEAR INTERPOLATION METHOD

9.7.2.1 The Linear Interpolation Method (see Appendix M) is a procedure to calculate a point estimate of the
effluent or other toxicant concentration [Inhibition Concentration, (IC)] that causes a given percent reduction
(e.g., 25%, 50%, etc.) in the reproduction or growth of the test organisms.  The procedure was designed for
general applicability in the analysis of data from short-term chronic toxicity tests.
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9.7.2.2 Use of the Linear Interpolation Method is based on the assumptions that the responses (1) are
monotonically non-increasing (the mean response for each higher concentration is less than or equal to the mean
response for the previous concentration), (2) follow a piecewise linear response function, and (3) are from a
random, independent, and representative sample of test data.  The assumption for piecewise linear response
cannot be tested statistically, and no defined statistical procedure is provided to test the assumption for
monotonicity.  Where the observed means are not strictly monotonic by examination, they are adjusted by
smoothing.  In cases where the responses at the low toxicant concentrations are much higher than in the controls,
the smoothing process may result in a large upward adjustment in the control mean.

9.7.2.3  The inability to test the monotonicity and piecewise linear response assumptions for this method makes
it difficult to assess when the method is, or is not, producing reliable results.  Therefore, the method should be
used with caution when the results of a toxicity test approach an "all or nothing" response from one
concentration to the next in the concentration series, and when it appears that there is a large deviation from
monotonicity.  See Appendix M for a more detailed discussion of the use of this method and a computer
program available for performing calculations.
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SECTION 10

REPORT PREPARATION

The toxicity data are reported, together with other appropriate data.  The following general format and
content are recommended for the report: 

10.1  INTRODUCTION 

 1. Permit number
 2. Toxicity testing requirements of permit
 3. Plant location
 4. Name of receiving water body
 5. Contract Laboratory (if the tests are performed under contract)

a        Name of firm
b.       Phone number
c.       Address

10.2  PLANT OPERATIONS

 1. Product(s)
 2. Raw materials
 3. Operating schedule
 4. Description of waste treatment
 5. Schematic of waste treatment
 6. Retention time (if applicable)
 7. Volume of waste flow (MGD, CFS, GPM)
 8. Design flow of treatment facility at time of sampling

10.3  SOURCE OF EFFLUENT, RECEIVING WATER, AND DILUTION WATER

 1. Effluent Samples 
a.     Sampling point 
b.     Collection dates and times 
c.      Sample collection method
d.     Physical and chemical data 
e.     Mean daily discharge on sample collection date
f.      Lapsed time from sample collection to delivery
g.     Sample temperature when received at the laboratory

 2. Receiving Water Samples
a.     Sampling point
b.     Collection dates and times
c.      Sample collection method
d.     Physical and chemical data
e.     Streamflow (at 7Q10 and at time of sampling)
f.      Sample temperature when received at the laboratory
g      Lapsed time from sample collection to delivery
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 3. Dilution Water Samples 
a.     Source
b.     Collection date(s) and time(s)
c.     Pretreatment
d.     Physical and chemical characteristics 

10.4  TEST METHODS 

 1. Toxicity test method used (title, number, source)
 2. Endpoint(s) of test
 3. Deviation(s) from reference method, if any, and the reason(s) 
 4. Date and time test started 
 5. Date and time test terminated 
 6. Type and volume of test chambers 
 7. Volume of solution used per chamber 
 8. Number of organisms per test chamber 
 9. Number of replicate test chambers per treatment 
10. Acclimation of test organisms (temperature mean and range) 
11. Test temperature (mean and range)
12. Specify if aeration was needed
13. Feeding frequency, and amount and type of food

  
10.5  TEST ORGANISMS 
 

 1. Scientific name and how determined
 2. Age 
 3. Life stage 
 4. Mean length and weight (where applicable) 
 5. Source 
 6. Diseases and treatment (where applicable) 
 7. Taxonomic key used for species identification 

10.6  QUALITY ASSURANCE

 1. Reference toxicant used routinely; source
 2. Date and time of most recent reference toxicant test, test results, and current control (cusum) chart
 3. Dilution water used in reference toxicant test 
 4. Results (NOEC or, where applicable, LOEC, LC50, EC50, IC25 and/or IC50)
 5. Physical and chemical methods used 

10.7  RESULTS 
 

 1. Provide raw toxicity data in tabular form, including daily records of affected organisms in each
concentration (including controls), and plots of toxicity data

 2. Provide table of LC50s, NOECs, IC25, IC50, etc.
 3. Indicate statistical methods used to calculate endpoints
 4. Provide summary table of physical and chemical data
 5. Tabulate QA data

10.8  CONCLUSIONS AND RECOMMENDATIONS

 1. Relationship between test endpoints and permit limits
 2. Actions to be taken
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      SECTION 11

TEST METHOD

FATHEAD MINNOW, PIMEPHALES PROMELAS, 
LARVAL SURVIVAL AND GROWTH TEST 

METHOD 1000.0

11.1  SCOPE AND APPLICATION

11.1.1  This method estimates the chronic toxicity of effluents and receiving water to the fathead minnow,
Pimephales promelas, using newly hatched larvae in a seven-day, static renewal test.  The effects include the
synergistic, antagonistic, and additive effects of all the chemical, physical, and biological components which
adversely affect the physiological and biochemical functions of the test organisms. 

11.1.2  Daily observations on mortality make it possible to also calculate acute toxicity for desired exposure periods
(i.e., 24-h, 48-h, 96-h LC50s).

11.1.3  Detection limits of the toxicity of an effluent or pure substance are organism dependent.

11.1.4  Brief excursions in toxicity may not be detected using 24-h composite samples.  Also, because of the long
sample collection period involved in composite sampling, and because the test chambers are not sealed, highly
degradable or highly volatile toxicants present in the source may not be  detected in the test. 

11.1.5  This test method is commonly used in one of two forms: (1) a definitive test, consisting of a minimum of
five effluent concentrations and a control, and (2) a receiving water test(s), consisting of one or more receiving water
concentrations and a control. 

11.2  SUMMARY OF METHOD 

11.2.1  Fathead minnow, Pimephales promelas, larvae are exposed in a static renewal system for seven days to
different concentrations of effluent or to receiving water.  Test results are based on the survival and weight of the
larvae. 

11.3.  INTERFERENCES 

11.3.1  Toxic substances may be introduced by contaminants in dilution water, glassware, sample hardware, and
testing equipment (see Section 5, Facilities, Equipment and Supplies).

11.3.2  Adverse effects of low dissolved oxygen (DO) concentrations, high concentrations of suspended and/or
dissolved solids, and extremes of pH, alkalinity, or hardness, may mask the presence of toxic substances.

11.3.3  Improper effluent sampling and sample handling may adversely affect test results (see Section 8, Effluent
and Receiving Water Sampling, Sample Handling, and Sample Preparation for Toxicity Tests). 

11.3.4  Pathogenic and/or predatory organisms in the dilution water and effluent may affect test organism survival
and confound test results.

11.3.5  Food added during the test may sequester metals and other toxic substances and confound test results.  Daily
renewal of solutions, however, will reduce the probability of reduction of toxicity caused by feeding.
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11.4  SAFETY 

11.4.1  See Section 3, Health and Safety.

11.5  APPARATUS AND EQUIPMENT 

11.5.1  Fathead minnow and brine shrimp culture units -- see USEPA, 1985a and USEPA, 1993b.  This test requires
180-360 larvae.  It is preferable to obtain larvae from an in-house fathead minnow culture unit.  If it is not feasible
to culture fish in-house, embryos or newly hatched larvae can be shipped in well oxygenated water in insulated
containers.

11.5.2  Samplers -- automatic sampler, preferably with sample cooling capability, that can collect a 24-h composite
sample of 5 L.

11.5.3  Sample containers -- for sample shipment and storage (see Section 8, Effluent and Receiving Water Sampling,
Sample Handling, and Sample Preparation for Toxicity Tests). 
 
11.5.4  Environmental chamber or equivalent facility with temperature control (25 ± 1˚C).

11.5.5  Water purification system -- MILLIPORE MILLI-Q , deionized water or equivalent (see Section 5, Facilities,®

Equipment, and Supplies). 

11.5.6  Balance -- analytical, capable of accurately weighing to 0.00001 g.

11.5.7  Reference weights, Class S -- for checking performance of balance.  Weights should bracket the expected
weights of the weighing pans and the expected weights of the pans plus fish. 

11.5.8  Test chambers -- four (minimum of three) borosilicate glass or non-toxic disposable plastic test chambers
are required for each concentration and control.  Test chambers may be 1 L, 500 mL or 250 mL beakers, 500 mL
plastic cups, or fabricated rectangular (0.3 cm thick) glass chambers, 15 cm x 7.5 cm x 7.5 cm.  To avoid potential
contamination from the air and excessive evaporation of test solutions during the test, the chambers should be
covered with safety glass plates or sheet plastic (6 mm thick). 

11.5.9  Volumetric flasks and graduated cylinders -- Class A, borosilicate glass or non-toxic plastic labware, 10-1000
mL for making test solutions. 5.10  

11.5.10  Volumetric pipets -- Class A, 1-100 mL. 
 
11.5.11  Serological pipets -- 1-10 mL, graduated. 

11.5.12  Pipet bulbs and fillers -- PROPIPET , or equivalent. ®

11.5.13  Droppers, and glass tubing with fire polished edges, 4 mm ID -- for transferring larvae. 

11.5.14  Wash bottles -- for rinsing small glassware and instrument electrodes and probes.

11.5.15  Thermometers, glass or electronic, laboratory grade -- for measuring water temperatures. 

11.5.16  Bulb-thermograph or electronic-chart type thermometers -- for continuously recording temperature. 

11.5.17  Thermometers, National Bureau of Standards Certified (see USEPA Method 170.1, USEPA, 1979b) -- to
calabrate laboratory themometers.
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11.5.18  Meters, pH, DO, and specific conductivity -- for routine physical and chemical measurements.

11.5.19  Drying oven -- 50-105˚ C range for drying larvae.

11.6  REAGENTS AND CONSUMABLE MATERIALS 

11.6.1  Sample containers -- for sample shipment and storage (see Section 8, Effluent and Receiving Water Sampling,
Sample Handling, and Sample Preparation for Toxicity Tests).

11.6.2  Data sheets (one set per test) -- for recording data.

11.6.3  Vials, marked -- 18-24 per test, containing 4% formalin or 70% ethanol to preserve larvae (optional).

11.6.4  Weighing boats, aluminum -- 18-24 per test.

11.6.5  Tape, colored -- for labelling test chambers.

11.6.6  Markers, waterproof -- for marking containers, etc.

11.6.7  Reagents for hardness and alkalinity tests -- see USEPA Methods 130.2 and 310.1, USEPA, 1979b. 

11.6.8  Buffers, pH 4, pH 7, and pH 10 (or as per instructions of instrument manufacturer) -- for instrument
calibration (see USEPA Method 150.1, USEPA, 1979b).

11.6.9  Specific conductivity standards -- see USEPA Method 120.1, USEPA, 1979b. 

11.6.10  Membranes and filling solutions for DO probe (see USEPA Method 360.1, USEPA, 1979b), or reagents --
for modified Winkler analysis.

11.6.11  Laboratory quality control samples and standards -- for calibration of the above methods.

11.6.12  Reference toxicant solutions (see Section 4, Quality Assurance).

11.6.13  Ethanol (70%) or formalin (4%) -- for use as a preservative for the fish larvae. 

11.6.14  Reagent water -- defined as distilled or deionized water that does not contain substances which are toxic
to the test organisms (see Section 5, Facilities, Equipment, and Supplies).

11.6.15  Effluent, receiving water, and dilution water -- see Section 7, Dilution Water; and Section 8, Effluent and
Receiving Water Sampling, Sample Handling, and Sample Preparation for Toxicity Tests.

11.6.16  Brine Shrimp, Artemia, Nauplii -- for feeding cultures and test organisms

11.6.16.1  Newly-hatched Artemia nauplii are used as food (see USEPA, 1993b) for fathead minnow, Pimephales
promelas, larvae in toxicity tests and frozen brine shrimp and flake food are used in the maintenance of continuous
stock cultures.  Although there are many commercial sources of brine shrimp cysts, the Brazilian or Colombian
strains are currently preferred because the supplies examined have had low concentrations of chemical residues and
produce nauplii of suitably small size.  For commercial sources of brine shrimp, Artemia, cysts, see Table 2 of
Section 5, Facilities, Equipment, and Supplies and Section 4, Quality Assurance.

11.6.16.2  Each new batch of brine shrimp, Artemia, cysts must be evaluated for size (Vanhaecke and Sorgeloos,
1980, and Vanhaecke et al., 1980) and nutritional suitability (see Leger et al., 1985; Leger et al., 1986) against
known suitable reference cysts by performing a side by side larval growth test using the "new" and "reference" cysts.
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The "reference" cysts used in the suitability test may be a previously tested and acceptable batch of cysts, or may
be obtained from the Quality Assurance Branch, Environmental Monitoring Systems Laboratory, Cincinnati, OH
45268; 513-569-7325.  A sample of newly-hatched Artemia nauplii from each new batch of cysts should be
chemically analyzed.  The Artemia cysts should not be used if the concentration of total organochlorine exceeds 0.15
µg/g wet weight or the total concentration of organochlorine pesticides plus PCBs exceeds 0.30 µg/g wet weight.
(For analytical methods see USEPA, 1982).

11.6.16.3  Artemia nauplii are obtained as follows: 

1. Add 1 L of seawater, or a solution prepared by adding 35.0 g uniodized salt (NaCl) or artificial sea salts
to 1 L deionized water, to a 2-L separatory funnel, or equivalent.

2. Add 10 mL Artemia cysts to the separatory funnel and aerate for 24-h at 27°C.  (Hatching time varies with
incubation temperature and the geographic strain of Artemia used) (see USEPA, 1991b; USEPA, 1993b and
ASTM, 1993).

 3. After 24 h, cut off the air supply in the separatory funnel.  Artemia nauplii are phototactic, and will
concentrate at the bottom of the funnel if it is covered for 5-10 min.  To prevent mortality, do not leave
the concentrated nauplii at the bottom of the funnel more than 10 min without aeration.

4. Drain the nauplii into a beaker or funnel fitted with a ≤ 150 µm Nitex  or stainless steel screen, and rinse®

with seawater, or equivalent, before use.
 
11.6.16.4  Testing Artemia nauplii as food for toxicity test organisms.

11.6.16.4.1  The primary criterion for acceptability of each new supply of brine shrimp cysts is the ability of the
nauplii to support good survival and growth of the fathead minnow larvae (see SubSection 11.12).  The larvae used
to evaluate the suitability of the brine shrimp nauplii must be of the same geographical origin, species, and stage of
development as those used routinely in the toxicity tests.  Sufficient data to detect differences in survival and growth
should be obtained by using three replicate test vessels, each containing a minimum of 15 larvae, for each type of
food.

11.6.16.4.2  The feeding rate and frequency, test vessels, volume of control water, duration of the test, and age of
the nauplii at the start of the test, should be the same as used for the routine toxicity tests.

11.6.16.4.3  Results of the brine shrimp nutrition assay, where there are only two treatments, can be evaluated
statistically by use of a t test.  The "new" food is acceptable if there are no statistically significant differences in the
survival and growth of the larvae fed the two sources of nauplii.

11.6.17  TEST ORGANISMS, FATHEAD MINNOWS, PIMEPHALES PROMELAS

11.6.17.1  Newly hatched fish less than 24 h old should be used for the test.  If organisms must be shipped to the
testing site, fish up to 48 h old may be used, all hatched within a 24-h window.

11.6.17.2  If the fish are kept in a holding tank or container, most of the water should be siphoned off to concentrate
the fish.  The fish are then transferred one at a time randomly to the test chambers until each chamber contains ten
fish.  Alternately, fish may be placed one or two at a time into small beakers or plastic containers until they each
contain five fish.  Three (minimum of two) of these beakers/plastic containers are then assigned to randomly-arranged
control and exposure chambers.

11.6.17.2.1  The fish are transferred directly to the test vessels or intermediate beakers/plastic containers, using a
large-bore, fire-polished glass tube (6 mm to 9 mm I.D. X 30 cm long) equipped with a rubber bulb, or a large
volumetric pipet with tip removed and fitted with a safety type bulb filler.  The glass or plastic containers should
only contain a small volume of dilution water.
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11.6.17.2.2  It is important to note that larvae should not be handled with a dip net.  Dipping small fish with a net
may result in damage to the fish and cause mortality.

11.6.17.3  The test is conducted with four (minimum of three) test chambers at each toxicant concentration and
control.  Fifteen (minimum of ten) embryos are placed in each replicate test chamber.  Thus 60 (minimum of 30)
fish are exposed at each test concentration.

11.6.17.4  Sources of organisms

11.6.17.4.1  Fathead minnows, Pimephales promelas, may be obtained from commercial biological supply houses.
Fish obtained from outside sources for use as brood stock or in toxicity tests may not always be of suitable age and
quality.  Fish provided by supply houses should be guaranteed to be of (1) the correct species, (2) disease free, (3)
in the requested age range, and (4) in good condition.  This can be done by providing the record of the date on
which the eggs were laid and hatched, and information on the sensitivity of contemporary fish to reference toxicants.

11.6.17.5  Inhouse Sources of Fathead Minnows, Pimephales promelas

11.6.17.5.1  Problems in obtaining suitable fish from outside laboratories can be avoided by developing an inhouse
laboratory culture facility.  Fathead minnows, Pimephales promelas, can be easily cultured in the laboratory from
eggs to adults in static, recirculating, or flow-through systems.  The larvae, juveniles, and adult fish should be kept
in 60 L (15 gal) or 76 L (20 gal) rearing tanks supplied with reconstituted water, dechlorinated tap water, or natural
water.  The water should be analyzed for toxic metals and organics quarterly (see Section 4, Quality Assurance). 

11.6.17.5.1.1  If a static or recirculating system is used, it is necessary to equip each tank with an outside activated
carbon filter system, similar to those sold for tropical fish hobbyists (or one large activated carbon filter system for
a series of tanks) to prevent the accumulation of toxic metabolic wastes (principally nitrite and ammonia) in the
water. 

11.6.17.5.2  Flow-through systems require large volumes of water and may not be feasible in some laboratories.
The culture tanks should be shielded from extraneous disturbances using opaque curtains, and should be isolated from
toxicity testing activities to prevent contamination. 

11.6.17.5.3  To avoid the possibility of inbreeding of the inhouse brood stock, fish from an outside source should
be introduced yearly into the culture unit.

11.6.17.5.4  Dissolved oxygen -- The DO concentration in the culture tanks should be maintained near saturation,
using gentle aeration with 15 cm air stones if necessary.  Brungs (1971), in a carefully controlled long-term study,
found that the growth of fathead minnows was reduced significantly at all dissolved oxygen concentrations below
7.9 mg/L.  Soderberg (1982) presented an analytical approach to the re-aeration of flowing water for culture systems.

11.6.17.5.5  Culture Maintenance 

11.6.17.5.5.1  Adequate procedures for culture maintenance must be followed to avoid poor water quality in the
culture system.  The spawning and brood stock culture tanks should be kept free of debris (excess food, detritus,
waste, etc.) by siphoning the accumulated materials (such as dead brine shrimp nauplii or cysts) from the bottom
of the tanks daily with a glass siphon tube attached to a plastic hose leading to the floor drain.  The tanks are more
thoroughly cleaned as required.  Algae, mostly diatoms and green algae, growing on the glass of the spawning tanks
are left in place, except for the front of the tank, which is kept clean for observation.  To avoid excessive build-up
of algal growth, the walls of the tanks are periodically scraped.  The larval culture tanks are cleaned once or twice
a week to reduce the mass of fungus growing on the bottom of the tank.
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11.6.17.5.5.2  Activated charcoal and floss in the tank filtration systems should be changed weekly, or more often
if needed.  Culture water may be maintained by preparation of reconstituted water or use of dechlorinated tap water.
Distilled or deionized water is added as needed to compensate for evaporation.

11.6.17.5.5.3  Before new fish are placed in tanks, salt deposits are removed by scraping or with 5% acid solution,
the tanks are washed with detergent, sterilized with a hypochlorite solution, and rinsed well with hot tap water and
then with laboratory water. 

11.6.17.5.6  Obtaining Embryos for Toxicity Tests

11.6.17.5.6.1  Embryos can be shipped to the laboratory from an outside source or obtained from adults held in the
laboratory as described below.  

11.6.17.5.6.2  For breeding tanks, it is convenient to use 60 L (15 gal) or 76 L (20 gal) aquaria.  The spawning unit
is designed to simulate conditions in nature conducive to spawning, such as water temperature and photoperiod.
Spawning tanks must be held at a temperature of 25 ± 2˚C.  Each aquarium is equipped with a heater, if necessary,
a continuous filtering unit, and spawning substrates.  The photoperiod for the culture system should be maintained
at 16 h light and 8 h darkness.  For the spawning tanks, this photoperiod must be rigidly controlled.  A convenient
photoperiod is 5:00 AM to 9:00 PM.  Fluorescent lights should be suspended about 60 cm above the surface of the
water in the brood and larval tanks.  Both DURATEST  and cool-white fluorescent lamps have been used, and®

produce similar results.  An illumination level of 50 to 100 ft-c is adequate.

11.6.17.5.6.3  To simulate the natural spawning environment, it is necessary to provide substrates (nesting territories)
upon which the eggs can be deposited and fertilized, and which are defended and cared for by the males.  The
recommended spawning substrates consist of inverted half-cylinders, 7.6 cm × 7.6 cm (3 in × 3 in) of Schedule 40
PVC pipe.  The substrates should be placed equi-distant from each other on the bottom of the tanks.
 
11.6.17.5.6.4  To establish a breeding unit, 15-20 pre-spawning adults six to eight months old are taken from a
"holding" or culture tank and placed in a 76-L spawning tank.  At this point, it is not possible to distinguish the
sexes.  However, after less than a week in the spawning tank, the breeding males will develop their distinct
coloration and territorial behavior, and spawning will begin.  As the breeding males are identified, all but two are
removed, providing a final ratio of 5-6 females per male.  The excess spawning substrates are used as shelter by the
females. 
 
11.6.17.5.6.5  Sexing of the fish to ensure a correct female/male ratio in each tank can be a problem.  However, the
task usually becomes easier as experience is gained (Flickinger, 1966).  Sexually mature females usually have large
bellies and a tapered snout.  The sexually mature males are usually distinguished by their larger overall size, dark
vertical color bands, and the spongy nuptial tubercles on the snout.  Unless the males exhibit these secondary
breeding characteristics, no reliable method has been found to distinguish them from females.  However, using the
coloration of the males and the presence of enlarged urogenital structures and other characteristics of the females,
the correct selection of the sexes can usually be achieved by trial and error. 

11.6.17.5.6.6  Sexually immature males are usually recognized by their aggressive behavior and partial banding.
These undeveloped males must be removed from the spawning tanks because they will eat the eggs and constantly
harass the mature males, tiring them and reducing the fecundity of the breeding unit.  Therefore, the fish in the
spawning tanks must be carefully checked periodically for extra males. 

11.6.17.5.6.7  A breeding unit should remain in their spawning tank about four months.  Thus, each brood tank or
unit is stocked with new spawners about three times a year.  However, the restocking process is rotated so that at
any one time the spawning tanks contain different age groups of brood fish. 
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11.6.17.5.6.8  Fathead minnows spawn mostly in the early morning hours.  They should not be disturbed except for
a morning feeding (8:00 AM) and daily examination of substrates for eggs in late morning or early afternoon.  In
nature, the male protects, cleans, and aerates the eggs until they hatch.  In the laboratory, however, it is necessary
to remove the eggs from the tanks to prevent them from being eaten by the adults, for ease of handling, for purposes
of recording embryo count and hatchability, and for the use of the newly hatched young fish for toxicity tests. 

11.6.17.5.6.9  Daily, beginning six to eight hours after the lights are turned on (11:00 AM - 1:00 PM), the substrates
in the spawning tanks are each lifted  carefully and inspected for embryos.  Substrates without embryos are
immediately returned to the spawning tank.  Those with embryos are immersed in clean water in a collecting tray,
and replaced with a clean substrate.  A daily record is maintained of each spawning site and the estimated number
of embryos on the substrate.

11.6.17.5.6.10  Three different methods are described for embryo incubation.

1. Incubation of Embryos on the Substrates:  Several (2-4) substrates are placed on end in a circular pattern (with
the embryos on the innerside) in 10 cm of water in a tray.  The tray is then placed in a constant temperature water
bath, and the embryos are aerated with a 2.5 cm airstone placed in the center of the circle.  The embryos are
examined daily, and the dead and fungused embryos are counted, recorded, and removed with forceps.  At an
incubation temperature of 25˚C, 50% hatch occurs in five days.  At 22˚C embryos incubated on aerated tiles require
7 days for 50% hatch.

2. Incubation of Embryos in a Separatory Funnel:  The embryos are removed from the substrates with a rolling
action of the index finger ("rolled off") (Gast and Brungs, 1973), their total volume is measured, and the number
of embryos is calculated using a conversion factor of approximately 430 embryos/mL.  The embryos are incubated
in about 1.5 L of water in a 2 L separatory funnel maintained in a water bath.  The embryos are stirred in the
separatory funnel by bubbling air from the tip of a plastic micro-pipette placed at the bottom, inside the separatory
funnel.  During the first two days, the embryos are taken from the funnel daily, those that are dead and fungused
are removed, and those that are alive are returned to the separatory funnel in clean water.  The embryos hatch in four
days at a temperature of 25˚C.  However, usually on day three the eyed embryos are removed from the separatory
funnel and placed in water in a plastic tray and gently aerated with an air stone.  Using this method, the embryos
hatch in five days.  Hatching time is greatly influenced by the amount of agitation of the embryos and the incubation
temperature.  If on day three the embryos are transferred from the separatory funnel to a static, unaerated container,
a 50% hatch will occur in six days (instead of five) and a 100% hatch will occur in seven days.  If the culture
system is operated at 22˚C, embryos incubated on aerated tiles require seven days for 50% hatch. 

3. Incubation in Embryo Incubation Cups:  The embryos are "rolled off" the substrates, and the total number
is estimated by determining the volume.  The embryos are then placed in incubation cups attached to a rocker arm
assembly (Mount, 1968).  Both flow-through and static renewal incubation have been used.  On day one, the embryos
are removed from the cups and those that are dead and fungused are removed.  After day one only dead embryos
are removed from the cups.  During the incubation period, the eggs are examined daily for viability and fungal
growth, until they hatch.  Unfertilized eggs, and eggs that have become infected by fungus, should be removed with
forceps using a table top magnifier-illuminator.  Non-viable eggs become milky and opaque, and are easily
recognized.  The non-viable eggs are very susceptible to fungal infection, which may then spread throughout the egg
mass.  Removal of fungus should be done quickly, and the substrates should be returned to the incubation tanks as
rapidly as possible so that the good eggs are not damaged by desiccation.  Hatching takes four to five days at an
optimal temperature of 25˚C.  Hatching can be delayed several (two to four) days by incubating at lower
temperatures.  A large plastic tank receiving recirculating water from a temperature control unit, can be used as a
water bath for incubation of embryos.

11.6.17.5.6.11  Newly-hatched larvae are transferred daily from the egg incubation apparatus to small rearing tanks,
using a large bore pipette, until the hatch is complete.  New rearing tanks are set up on a daily basis to separate fish
by age group.  Approximately 1500 newly hatched larvae are placed in a 60-L (15 gal) or 76-L (20 gal) all-glass
aquarium for 30 days.  A density of 150 fry per liter is suitable for the first four weeks.  The water temperature in
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the rearing tanks is allowed to follow ambient laboratory temperatures of 20-25˚C, but sudden, extreme variations
in temperature must be avoided. 

11.6.17.5.7  Food and Feeding

11.6.17.5.7.1  The amount of food and feeding schedule affects both growth and egg production.  The spawning fish
and pre-spawners in holding tanks usually are fed all the adult frozen brine shrimp and tropical fish flake food or
dry commercial fish food (No. l or No. 2 granules) that they can eat (ad libitum) at the beginning of the work day
and in the late afternoon (8:00 AM and 4:00 PM).  The fish are fed twice a day (twice a day with dry food and once
a day with adult shrimp) during the week and once a day on weekends. 
 
11.6.17.5.7.2  Fathead minnow larvae are fed freshly-hatched brine shrimp (Artemia) nauplii twice daily until they
are four weeks old.  Utilization of older (larger) brine shrimp nauplii may result in starvation of the young fish
because they are unable to ingest the larger food organisms (see SubSection 11.6.16 or USEPA, 1993b for
instructions on the preparation of brine shrimp nauplii).

11.6.17.5.7.3  Fish older than four weeks are fed frozen brine shrimp and commercial fish starter (#l and #2), which
is ground fish meal enriched with vitamins.  As the fish grow, larger pellet sizes are used, as appropriate. (Starter,
No. 1 and N. 2 granules, U.S. Fish and Wildlife Service Formulation Specification Diet SD9-30, can be obtained
from Zeigler Bros., Inc., P.O. Box 90, Gardners, PA 17324).  Newly hatched brine shrimp nauplii, and frozen adult
brine shrimp (San Francisco Bay Brand) are fed to the fish cultures in volumes based on age, size, and number of
fish in the tanks.

11.6.17.5.7.4  Fish in the larval tanks (from hatch to 30 days old) are fed commercial starter fish food at the
beginning and end of the work day, and newly hatched brine shrimp nauplii (from the brine shrimp culture unit) once
a day, usually mid-morning and mid-afternoon. 

11.6.17.5.7.5  Attempts should be made to avoid introducing Artemia cysts and empty shells when the brine shrimp
nauplii are fed to the fish larvae.  Some of the mortality of the larval fish observed in cultures could be caused from
the ingestion of these materials.

11.6.17.5.8  Disease Control 

11.6.17.5.8.1  Fish are observed daily for abnormal appearance or behavior.  Bacterial or fungal infections are the
most common diseases encountered.  However, if normal precautions are taken, disease outbreaks will rarely, if ever,
occur.  Hoffman and Mitchell (1980) have put together a list of some chemicals that have been used commonly for
fish diseases and pests.

11.6.17.5.8.2  In aquatic culture systems where filtration is utilized, the application of certain antibacterial agents
should be used with caution.  A treatment with a single dose of antibacterial drugs can interrupt nitrate reduction
and stop nitrification for various periods of time, resulting in changes in pH, and in ammonia, nitrite and nitrate
concentrations (Collins et al., 1976).  These changes could cause the death of the culture organisms. 
 
11.6.17.5.8.3  Do not transfer equipment from one tank to another without first disinfecting tanks and nets.  If an
outbreak of disease occurs, any equipment, such as nets, airlines, tanks, etc., which has been exposed to diseased
fish should be disinfected with sodium hypochlorite.  Also to avoid the contamination of cultures or spread of
disease, each time nets are used to remove live or dead fish from tanks, they are first sterilized with sodium
hypochlorite or formalin, and rinsed in hot tap water.  Before a new lot of fish is transferred to culture tanks, the
tanks are cleaned and sterilized as described above. 
 
11.6.17.5.8.4  It is recommended that chronic toxicity tests be performed monthly with a reference toxicant.  Newly
hatched fathead minnow larvae less than 24 h old are used to monitor the chronic toxicity of the reference toxicant
to the test fish produced by the culture unit (see Section 4, Quality Assurance).
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11.6.17.5.9  Record Keeping

11.6.17.5.9.1  Records, kept in a bound notebook, include: (l) type of food and time of feeding for all fish tanks;
(2) time of examination of the tiles for embryos, the estimated number of embryos on the tile, and the tile position
number; (3) estimated number of dead embryos and embryos with fungus observed during the embryonic
development stages; (4) source of all fish; (5) daily observation of the condition and behavior of the fish; and (6)
dates and results of reference toxicant tests performed (see Section 4, Quality Assurance).

11.7  EFFLUENT AND RECEIVING WATER COLLECTION, PRESERVATION, AND STORAGE

11.7.1  See Section 8, Effluent and Receiving Water Sampling, Sample Handling, and Sample Preparation for
Toxicity Tests.

11.8  CALIBRATION AND STANDARDIZATION 

11.8.1  See Section 4, Quality Assurance. 

11.9  QUALITY CONTROL

11.9.1  See Section 4, Quality Assurance. 

11.10  TEST PROCEDURES 

11.10.1  TEST SOLUTIONS 

11.10.1.1  Receiving Waters 

11.10.1.1.1  The sampling point is determined by the objectives of the test.  Receiving water toxicity is determined
with samples used directly as collected or after samples are passed through a 60 µm NITEX  filter and compared®

without dilution, against a control.  Using four replicate chambers per test, each containing 250 mL, and 400 mL
for chemical analyses, would require approximately 1.5 L or more of sample per test per day. 

11.10.1.2  Effluents 

11.10.1.2.1  The selection of the effluent test concentrations should be based on the objectives of the study.  A
dilution factor of 0.5 is commonly used.  A dilution factor of 0.5 provides precision of ± 100%, and testing of
concentrations between 6.25% and 100% effluent using only five effluent concentrations (6.25%, 12.5%, 25%, 50%,
and 100%).  Test precision shows little improvement as the dilution factor is increased beyond 0.5, and declines
rapidly if a smaller dilution factor is used.  Therefore, USEPA recommends the use of the ≥ 0.5 dilution factor.

11.10.1.2.2  If the effluent is known or suspected to be highly toxic, a lower range of effluent concentrations should
be used (such as 25%, 12.5%, 6.25%, 3.12%, and 1.56%).  If a high rate of mortality is observed during the first
1 to 2 h of the test, additional dilutions should be added at the lower range of effluent concentrations.

11.10.1.2.3  The volume of effluent required for daily renewal of four replicates per concentration, each containing
250 mL of test solution, is approximately 2.5 L.  Sufficient test solution (approximately 1500 mL) is prepared at each
effluent concentration to provide 400 mL additional volume for chemical analyses at the high, medium, and low test
concentrations.  If the sample is used for more than one daily renewal of test solutions, the volume must be increased
proportionately.

11.10.1.2.4  Tests should begin as soon as possible, preferably within 24 h of sample collection.  The maximum
holding time following retrieval of the sample from the sampling device should not exceed 36 h for off-site toxicity
tests unless permission is granted by the permitting authority.  In no case should the sample be used for the first time
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in a test more than 72 h after sample collection (see Section 8, Effluent and Receiving Water Sampling, Sample
Handling, and Sample Preparation for Toxicity Tests).

11.10.1.2.5  Just prior to test initiation (approximately 1 h) the temperature of sufficient quantity of the sample to
make the test solutions should be adjusted to the test temperature and maintained at that temperature during the
addition of dilution water.

11.10.1.2.6  The DO of the test solutions should be checked prior to the test initiation.  If any of the solutions are
supersaturated with oxygen or any solution has a DO concentration below 4.0 mg/L, all of the solutions and the
control must be gently aerated.

11.10.1.3  Dilution Water

11.10.1.3.1  Dilution water may be uncontaminated receiving water, a standard synthetic (reconstituted) water, or
some other uncontaminated natural water (see Section 7, Dilution Water).

11.10.2  START OF THE TEST 
 
11.10.2.1  Label the test chambers with a marking pen.  Use of color-coded tape to identify each treatment and
replicate is helpful.  A minimum of five effluent concentrations and a control are used for each effluent test.  Each
treatment (including the control) should have four (minimum of three) replicates.  
 
11.10.2.2  Tests performed in laboratories that have in-house fathead minnow breeding cultures should use larvae
less than 24 h old.  When eggs or larvae must be shipped to the test site from a remote location, it may be necessary
to use larvae older than 24 h because of the difficulty in coordinating test organism shipments with field operations.
However, in the latter case, the larvae should not be more than 48 h old at the start of the test and should all be
within 24 h of the same age. 

11.10.2.3  Randomize the position of test chambers at the beginning of the test (see Appendix A).  Maintain the
chambers in this configuration throughout the test.  Preparation of a position chart may be helpful.

11.10.2.4  The larvae are pooled and placed one or two at a time into each randomly arranged test chamber or
intermediate container in sequential order, until each chamber contains 15 (minimum of 10) larvae, for a total of
60 larvae (minimum of 30) for each concentration (see Appendix A).  The test organisms should come from a pool
of larvae consisting of at least three separate spawnings.  The amount of water added to the chambers when
transferring the larvae should be kept to a minimum to avoid unnecessary dilution of the test concentrations. 

11.10.2.4.1  The chambers may be placed on a light table to facilitate counting the larvae.

11.10.3  LIGHT, PHOTOPERIOD, AND TEMPERATURE

11.10.3.1  The light quality and intensity should be at ambient laboratory levels, which is approximately 10-20
µE/m /s, or 50 to 100 foot candles (ft-c), with a photoperiod of 16 h of light and 8 h of darkness.  The water2

temperature in the test chambers should be maintained at 25 ± 1 C.o

11.10.4  DISSOLVED OXYGEN (DO) CONCENTRATION

11.10.4.1  Aeration may affect the toxicity of effluents and should be used only as a last resort to maintain
satisfactory DO concentrations.  The DO concentrations should be measured in the new solutions at the start of the
test (Day 0) and before daily renewal of the test solutions on subsequent days.  The DO concentrations should not
fall below 4.0 mg/L (see Section 8, Effluent and Receiving Water Sampling, Sample Handling, and Sample
Preparation for Toxicity Tests).  If it is necessary to aerate, all concentrations and the control should be aerated.
The aeration rate should not exceed 100 bubbles/min, using a pipet with an orifice of approximately 1.5 mm, such



58

as a 1-mL, KIMAX  serological pipet, No. 37033, or equivalent.  Care should be taken to ensure that turbulence®

resulting from aeration does not cause undue physical stress to the fish. 

11.10.5  FEEDING 

11.10.5.1  The fish in each test chamber are fed 0.1 g (approximately 700 to 1000) of a concentrated suspension of
newly hatched (less than 24-h old) brine shrimp nauplii three times daily at 4-h intervals or, as a minimum, 0.15 g
are fed twice daily at an interval of 6 h.  Equal amounts of nauplii must be added to each replicate chamber to
reduce variability in larval weight.  Sufficient numbers of nauplii should be provided to assure that some remain alive
in the test chambers at the next feeding, but not in excessive amounts which will result in depletion of DO below
acceptable levels (below 4.0 mg/L).

11.10.5.2  The feeding schedule will depend on when the test solutions are renewed.  If the test is initiated after
12:00 PM, the larvae may be fed only once the first day.  On following days, the larvae normally would be fed at
the beginning of the work day, at least 2 h before test solution renewal, and at the end of the work day, after test
solution renewal.  However, if the test solutions are changed at the beginning of the work day, the first feeding
would be after test solution renewal in the morning, and the remaining feeding(s) would be at the appropriate
intervals.  The larvae are not fed during the final 12 h of the test.

11.10.5.3  The nauplii should be rinsed with freshwater to remove salinity before use (see USEPA, 1993b).  At
feeding time pipette about 5 mL (5 g) of concentrated newly hatched brine shrimp nauplii into a 120 mesh nylon
net or plastic cup with nylon mesh bottom.  Slowly run freshwater through the net or rinse by immersing the cup
in a container of fresh water several times.  Resuspend the brine shrimp in 10 mL of fresh water in a 30 mL beaker
or simply set the cup of washed brine shrimp in ¼ inch of fresh water so that the cup contains about 10 mL of water.
Allow the container to set for a minute or two to allow dead nauplii and empty cysts to settle or float to the surface
before collecting the brine shrimp from just below the surface in a pipette for feeding.  Distribute 2 drops (0.1 g)
of the brine shrimp to each test chamber.  If the survival rate in any test chamber falls below 50%, reduce the
feeding in that chamber to 1 drop of brine shrimp at each subsequent feeding.

11.10.6  OBSERVATIONS DURING THE TEST 

11.10.6.1  Routine Chemical and Physical Determinations

11.10.6.1.1  DO is measured at the beginning and end of each 24-h exposure period in at least one test chamber at
each test concentration and in the control.

11.10.6.1.2  Temperature and pH are measured at the end of each 24-h exposure period in at least one test chamber
at each test concentration and in the control.  Temperature should also be monitored continuously or observed and
recorded daily for at least two locations in the environmental control system or the samples.  Temperature should
be measured in a sufficient number of test vessels at least at the end of the test to determine the temperature variation
in the environmental chamber.

11.10.6.1.3  The pH is measured in the effluent sample each day before new test solutions are made.

11.10.6.1.4  Conductivity, alkalinity and hardness are measured in each new sample (100% effluent or receiving
water) and in the control.

11.10.6.1.5  Record all the measurements on the data sheet (Figure 1)

11.10.6.2  Routine Biological Observations

11.10.6.2.1  The number of live larvae in each test chamber are recorded daily (Figure 2) , and the dead larvae are
discarded.
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11.10.6.2.2  Protect the larvae from unnecessary disturbance during the test by carrying out the daily test
observations, solution renewals, and removal of dead larvae, carefully.  Make sure the larvae remain immersed during
the performance of these operations.
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Discharger: Test Dates:

Location: Analyst:

Conc:
Day

1 2 3 4 5 6 7 Remarks
Temp.
D.O. Initial

Final
pH Initial

Final
Alkalinity
Hardness
Conductivity
Chlorine

Conc:
Day

1 2 3 4 5 6 7 Remarks
Temp.
D.O. Initial

Final
pH Initial

Final
Alkalinity
Hardness
Conductivity
Chlorine

Conc:
Day

1 2 3 4 5 6 7 Remarks
Temp.
D.O. Initial

Final
pH Initial

Final
Alkalinity
Hardness
Conductivity
Chlorine

Figure 1. Data form for the fathead minnow, Pimephales promelas, embryo-larval survival and
teratogenicity test.  Routine chemical and physical determinations.
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Discharger: Test Dates:

Location: Analyst:

Conc:
Day

1 2 3 4 5 6 7 Remarks
Temp.
D.O. Initial

Final
pH Initial

Final
Alkalinity
Hardness
Conductivity
Chlorine

Conc:
Day

1 2 3 4 5 6 7 Remarks
Temp.
D.O. Initial

Final
pH Initial

Final
Alkalinity
Hardness
Conductivity
Chlorine

Conc:
Day

1 2 3 4 5 6 7 Remarks
Temp.
D.O. Initial

Final
pH Initial

Final
Alkalinity
Hardness
Conductivity
Chlorine

Figure 1. Data form for the fathead minnow, Pimephales promelas, embryo-larval survival and
teratogenicity test.  Routine chemical and physical determinations (CONTINUED).
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Discharger: Test Dates:

Location: Analyst:

No. Surviving Organisms
Conc: Rep. No. Day
Control: 1 2 3 4 5 6 7 Remarks

Conc:

Conc:

Conc:

Conc:

Conc:

Conc:

Conc:

Comments:

Figure 2. Mortality data for the fathead minnow, Pimephales promelas, larval survival and growth test.
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11.10.7  DAILY CLEANING OF TEST CHAMBERS

11.10.7.1  Before the daily renewal of test solutions, uneaten and dead Artemia, dead fish larvae, and other debris
are removed from the bottom of the test chambers with a siphon hose.  Alternately, a large pipet (50 mL) fitted with
a rubber bulb can be used.  Because of their small size during the first few days of the tests, larvae are easily drawn
into the siphon tube or pipet when cleaning the test chambers.  By placing the test chambers on a light box,
inadvertent removal of larvae can be greatly reduced because they can be more easily seen.  If the water siphoned
from the test chambers is collected in a white plastic tray, the larvae caught up in the siphon can be retrieved and
returned to the chambers.  Any incidence of removal of live larvae from the test chambers during cleaning, and
subsequent return to the chambers, should be noted in the records. 

11.10.8  TEST SOLUTION RENEWAL

11.10.8.1  Freshly prepared solutions are used to renew the tests daily immediately after cleaning the test chambers.
For on-site toxicity studies, fresh effluent or receiving water samples should be collected daily, and no more than
24 h should elapse between collection of the samples and their use in the tests (see Section 8, Effluent and Receiving
Water Sampling, Sample Holding, and Sample Preparation for Toxicity Tests).  For off-site tests, a  minimum of
three samples are collected, preferably on days one, three, and five.  Maintain the samples in the refrigerator at 4 Co

until used.

11.10.8.2  For test solution renewal, the water level in each chamber is lowered to a depth of 7 to 10 mm, which
leaves 15 to 20% of the test solution.  New test solution (250 mL) should be added slowly by pouring down the side
of the test chamber to avoid excessive turbulence and possible injury to the larvae. 

11.10.9  TERMINATION OF THE TEST 

11.10.9.1  The test is terminated after seven days of exposure.  At test termination, dead larvae are removed and
discarded.  The surviving larvae in each test chamber (replicate) are counted and immediately prepared as a group
for dry weight determination, or are preserved as a group in 70% ethanol or 4% formalin.  Preserved organisms are
dried and weighed within 7 days.  For safety, formalin should be used under a hood.

11.10.9.2  For immediate drying and weighing, place live larvae onto a 500 µm mesh screen in a large beaker to
wash away debris that might contribute to the dry weight.  Each group of larvae is rinsed with deionized water to
remove food particles, transferred to a tared weighing boat that has been properly labeled, and dried at 60 C, for 24o

h or at 100 C for a minimum of 6 h.  Immediately upon removal from the drying oven, the weighing boats areo

placed in a dessicator until weighed, to prevent the absorption of moisture from the air.  All weights should be
measured to the nearest 0.01 mg and recorded on data sheets (Figure 3).  Subtract tare weight to determine the dry
weight of the larvae in each replicate.  For each test chamber, divide the final dry weight by the number of original
larvae in the test chamber to determine the average individual dry weight and record on the data sheet (Figure 3).
For the controls, also calculate the mean weight per surviving fish in the test chamber to evaluate if weights met test
acceptability criteria (See Section 11.11).  Average weights should be expressed to the nearest 0.001 mg.

11.10.9.3  Prepare a summary table as illustrated in Figure 4.

11.11  SUMMARY OF TEST CONDITIONS AND TEST ACCEPTABILITY CRITERIA

11.11.1  A summary of test conditions and test acceptability criteria is presented in Table 1.
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Discharge:____________________ Test Date(s): ________________ Drying Temperature (°C): _______________ 
Location: ____________________ Weighing Date:________________ Drying Time (h): _______________________ 
Analyst:  ____________________________ 
___________________________________________________________________________ 
                     A           B          B-A          C       (B-A)/C         Remarks
Conc:     Rep.    Wgt. of    Dry wgt:    Total dry   No. of     Mean dry wgt                          
           No.     tare      tare and     wgt of     original   of larvae                             
                   (mg)       larvae      larvae     larvae       (mg)                                
                               (mg)        (mg)       (mg)                                            
Control  ______   _______   _________   __________   ________   ___________   ________________________
         ______   _______   _________   __________   ________   ___________   ________________________
         ______   _______   _________   __________   ________   ___________   ________________________
         ______   _______   _________   __________   ________   ___________   ________________________
Conc:    ______   _______   _________   __________   ________   ___________   ________________________
         ______   _______   _________   __________   ________   ___________   ________________________
         ______   _______   _________   __________   ________   ___________   ________________________
_______________   _______   _________   __________   ________   ___________   ________________________
Conc:    ______   _______   _________   __________   ________   ___________   ________________________
         ______   _______   _________   __________   ________   ___________   ________________________
         ______   _______   _________   __________   ________   ___________   ________________________
_______________   _______   _________   __________   ________   ___________   ________________________
Conc:    ______   _______   _________   __________   ________   ___________   ________________________
         ______   _______   _________   __________   ________   ___________   ________________________
         ______   _______   _________   __________   ________   ___________   ________________________
_______________   _______   _________   __________   ________   ___________   ________________________
Conc:    ______   _______   _________   __________   ________   ___________   ________________________
         ______   _______   _________   __________   ________   ___________   ________________________
         ______   _______   _________   __________   ________   ___________   ________________________
_______________   _______   _________   __________   ________   ___________   ________________________
Conc:    ______   _______   _________   __________   ________   ___________   ________________________
         ______   _______   _________   __________   ________   ___________   ________________________
         ______   _______   _________   __________   ________   ___________   ________________________
_______________   _______   _________   __________   ________   ___________   ________________________

Figure 3. Weight data for the fathead minnow, Pimephales promelas, larval survival and growth test.  From USEPA (1989a).
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Discharger:                         Test Dates:                           

Location:                                Analyst:                           

TREATMENT CONTROL

NO. LIVE LARVAE

SURVIVAL

(%)

MEAN DRY WGT

OF LARVAE (MG)

± SD

TEMPERATURE

RANGE (°C)

DISSOLVED

OXYGEN RANGE

  (MG/L)

HARDNESS

CONDUCTIVITY

COMMENTS:

Figure 4. Summary data for the fathead minnow, Pimephales promelas, larval survival and growth test.  
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   TABLE 1. SUMMARY OF TEST CONDITIONS AND TEST ACCEPTABILITY CRITERIA FOR
FATHEAD MINNOW, PIMEPHALES PROMELAS, LARVAL SURVIVAL AND GROWTH
TOXICITY TESTS WITH EFFLUENTS AND RECEIVING WATERS

1. Test type: Static renewal
 

2. Temperature ( C): 25 ± 1 C o o

 
3. Light quality: Ambient laboratory illumination 

 
4. Light intensity: 10-20 µE/m /s (50-100 ft-c)(ambient laboratory levels) 2

 
5. Photoperiod: 16 h light, 8 h darkness 

 
6. Test chamber size: 500 mL (minimum)

 
7. Test solution volume: 250 mL (minimum) 

 
8. Renewal of test 

solutions: Daily 
 

9. Age of test organisms: Newly hatched larvae less than 24 h old.  If shipped, not
more than 48 h old, 24 h range in age

 
10. No. larvae per test chamber: 15 (minimum of 10) 

 
11. No. replicate chambers 

per concentration: 4 (minimum of 3) 
 

12. No. larvae per
concentration: 60 (minimum of 30) 

13. Source of food: Newly hatched Artemia nauplii (less than 24 h old)

14. Feeding regime: Feed 0.1 g newly hatched (less than 24-h old) brine shrimp
nauplii three times daily at 4-h intervals or, as a minimum,
0.15 g twice daily, 6 h between feedings (at the beginning of
the work day prior to renewal, and at the end of the work day
following renewal).  Sufficient nauplii are added to provide an
excess.  Larvae fish are not fed during the final 12 h of the
test
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   TABLE 1. SUMMARY OF TEST CONDITIONS AND TEST ACCEPTABILITY CRITERIA FOR
FATHEAD MINNOW, PIMEPHALES PROMELAS, LARVAL SURVIVAL AND GROWTH
TOXICITY TESTS WITH EFFLUENTS AND RECEIVING WATERS (CONTINUED)

                                                                            
15. Cleaning: Siphon daily, immediately before test solution renewal

16. Aeration: None, unless DO concentration falls below4.0 mg/L.  Rate should
not exceed 100 bubbles/min

17. Dilution water: Uncontaminated source of receiving or other natural water,
synthetic water prepared using MILLIPORE MILLI-Q  or®

equivalent deionized water and reagent grade chemicals, or DMW
(see Section 7, Dilution Water)

18. Test concentrations: Effluents: Minimum of 5 and a control
Receiving Water: 100% receiving water or minimum of 5 and a
control

19. Dilution factor: Effluents:  > 0.5
Receiving waters:  None or ≥ 0.5

20. Test duration: 7 days

21. Endpoints: Survival and growth (weight) 

22. Test acceptability
criteria: 80% or greater survival in controls; average dry weight per

surviving organism in control chambers equals or exceeds 0.25
mg

23. Sampling requirements: For on-site tests, samples collected daily, and used within 24 h of
the time they are removed from the sampling device; For off-site
tests, a minimum of three samples collected on days one, three
and five with a maximum holding time of 36 h before first use
(see Section 8)

24. Sample volume required: 2.5 L/day
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11.12  ACCEPTABILITY OF TEST RESULTS 

11.12.1  For the test results to be acceptable, survival in the controls must be at least 80%.  The average dry weight
per surviving control larvae at the end of the test should equal or exceed 0.25 mg.

11.13  DATA ANALYSIS

11.13.1  GENERAL 

11.13.1.1  Tabulate and summarize the data.  A sample set of survival and growth response data is shown in Table
2.

  TABLE 2. SUMMARY OF SURVIVAL AND GROWTH DATA FOR FATHEAD MINNOW,
PIMEPHALES PROMELAS, LARVAE EXPOSED TO A REFERENCE TOXICANT FOR
SEVEN DAYS  1

Proportion of
NaPCP Survival in Replicate Mean Avg Dry Wgt (mg) In Mean
Conc. Chambers Prop. Replicate Chambers Dry Wgt

  (µg/L) A B C D Surv A B C D (mg)

0 1.0 1.0 0.9 0.9 0.95 0.711 0.662 0.646 0.690 0.677

32 0.8 0.8 1.0 0.8 0.85 0.517 0.501 0.723 0.560 0.575

64 0.9 1.0 1.0 1.0 0.975 0.602 0.669 0.694 0.676 0.660

128 0.9 0.9 0.8 1.0 0.90 0.566 0.612 0.410 0.672 0.565

256 0.7 0.9 1.0 0.5 0.775 0.455 0.502 0.606 0.508 0.454

512 0.4 0.3 0.4 0.2 0.325 0.143 0.163 0.195 0.099 0.150

Four replicates of 10 larvae each.1

11.13.1.2  The endpoints of toxicity tests using the fathead minnow, Pimephales promelas, larvae are based on the
adverse effects on survival and growth.  The LC50, the IC25, and the IC50 are calculated using point estimation
techniques (see Section 9, Chronic Toxicity Test Endpoints and Data Analysis).  LOEC and NOEC values for
survival and growth are obtained using a hypothesis testing approach such as Dunnett's Procedure (Dunnett, 1955)
or Steel's Many-one Rank Test (Steel, 1959; Miller, 1981) (see Section 9).  Separate analyses are performed for the
estimation of the LOEC and NOEC endpoints and for the estimation of the LC50, IC25 and IC50.  Concentrations
at which there is no survival in any of the test chambers are excluded from the statistical analysis of the NOEC and
LOEC for survival and growth, but included in the estimation of the LC50, IC25, and IC50.  See the Appendices
for examples of the manual computations, and examples of data input and program output. 

11.13.1.3  The statistical tests described here must be used with a knowledge of the assumptions upon which the tests
are contingent.  Tests for normality and homogeneity of variance are included in Appendix B.  The assistance of a
statistician is recommended for analysts who are not proficient in statistics. 
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11.13.2  EXAMPLE OF ANALYSIS OF FATHEAD MINNOW, PIMEPHALES PROMELAS, SURVIVAL DATA

11.13.2.1  Formal statistical analysis of the survival data is outlined in Figures 5 and 6.  The response used in the
analysis is the proportion of animals surviving in each test or control chamber.  Separate analyses are performed for
the estimation of the NOEC and LOEC endpoints and for the estimation of the LC50, EC50, and IC endpoints.
Concentrations at which there is no survival in any of the test chambers are excluded from statistical analysis of the
NOEC and LOEC, but included in the estimation of the IC, EC,  and LC endpoints.

11.13.2.2  For the case of equal numbers of replicates across all concentrations and the control, the evaluation of
the NOEC and LOEC endpoints is made via a parametric test, Dunnett's Procedure, or a nonparametric test, Steel's
Many-one Rank Test, on the arc sine square root transformed data.  Underlying assumptions of Dunnett's Procedure,
normality and homogeneity of variance, are formally tested.  The test for normality is the Shapiro-Wilk's Test, and
Bartlett's Test is used to test for homogeneity of variance.  If either of these tests fails, the nonparametric test, Steel's
Many-one Rank Test, is used to determine the NOEC and LOEC endpoints.  If the assumptions of Dunnett's
Procedure are met, the endpoints are estimated by the parametric procedure.

11.13.2.3  If unequal numbers of replicates occur among the concentration levels tested, there are parametric and
nonparametric alternative analyses.  The parametric analysis is a t test with the Bonferroni adjustment (see Appendix
D).  The Wilcoxon Rank Sum Test with the Bonferroni adjustment is the nonparametric alternative (see Appendix
F).

11.13.2.4  Probit Analysis (Finney, 1971; see Appendix I) is used to estimate the concentration that causes a
specified percent decrease in survival from the control.  In this analysis, the total mortality data from all test
replicates at a given concentration are combined.  If the data do not fit the Probit analysis, the Spearman-Karber
Method, the Trimmed Spearman-Karber Method, or the Graphical Method may be used (see Appendices I-L).
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Figure 5. Flowchart for statistical analysis of the fathead minnow, Pimephales promelas, larval survival data by
hypothesis testing.
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Figure 6. Flowchart for statistical analysis of the fathead minnow, Pimephales promelas, larval survival data by
point estimation. 
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     TABLE 3.  FATHEAD MINNOW, PIMEPHALES PROMELAS, SURVIVAL DATA

NaPCP Concentration (µg/L)
Replicate Control 32 64 128 256 512 

 
A 1.0 0.8 0.9 0.9 0.7 0.4 

 RAW B 1.0 0.8 1.0 0.9 0.9 0.3 
C 0.9 1.0 1.0 0.8 1.0 0.4 
D 0.9 0.8 1.0 1.0 0.5 0.2 

 
 ARC SINE A 1.412 1.107 1.249 1.249 0.991 0.685 
 TRANS- B 1.412 1.107 1.412 1.249 1.249 0.580 
 FORMED C 1.249 1.412 1.412 1.107 1.412 0.685 

D 1.249 1.107 1.412 1.412 0.785 0.464 
    
Mean( ) 1.330 1.183 1.371 1.254 1.109 0.604 
S 0.0088 0.0232 0.0066 0.0155 0.0768 0.0111i

2

i 1 2 3 4 5 6

11.13.2.5  Example of Analysis of Survival Data 

11.13.2.5.1  This example uses the survival data from the Fathead Minnow Larval Survival and Growth Test (Table
2).  The proportion surviving in each replicate must first be transformed by the arc sine square root transformation
procedure described in Appendix B.  The raw and transformed data, means and variances of the transformed
observations at each toxicant concentration and control are listed in Table 3.  A plot of the survival proportions is
provided in Figure 7.

11.13.2.6  Test for Normality

11.13.2.6.1  The first step of the test for normality is to center the observations by subtracting the mean of all
observations within a concentration from each observation in that concentration.  The centered observations are
summarized in Table 4. 

11.13.2.6.2  Calculate the denominator, D, of the statistic: 

Where: X  = the ith centered observation i

            
X6  = the overall mean of the centered observations 

n  = the total number of centered observations
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Figure 7.  Plot of survival proportion data in Table 3.
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TABLE 4.  CENTERED OBSERVATIONS FOR SHAPIRO-WILK'S EXAMPLE 

NaPCP Concentration (µg/L)
Replicate Control 32 64 128 256 512

A 0.082 -0.076 -0.122 -0.005 -0.118 0.081 
B 0.082 -0.076 0.041 -0.005 0.140 -0.024 
C -0.081 0.229 0.041 -0.147 0.303 0.081 
D -0.081 -0.076 0.041 0.158 -0.324 -0.140 

 

TABLE 5.  ORDERED CENTERED OBSERVATIONS FOR THE SHAPIRO-WILK'S EXAMPLE

i X i X  (i) (i)

1 -0.324 13 -0.005 
2 -0.147 14 0.041 
3 -0.140 15 0.041 
4 -0.122 16 0.041 
5 -0.118 17 0.081 
6 -0.081 18 0.081 
7 -0.081 19 0.082 
8 -0.076 20 0.082 
9 -0.076 21 0.140 

10 -0.076 22 0.158 
11 -0.024 23 0.229 
12 -0.005 24 0.303 

11.13.2.6.3  For this set of data: n  = 24 

D = 0.4265

11.13.2.6.4  Order the centered observations from smallest to largest 

X  < X  < ... < X  (1) (2) (n)

where X  denotes the ith ordered observation.  The ordered observations for this example are listed in Table 5. (i)

11.13.2.6.5  From Table 4, Appendix B, for the number of observations, n, obtain the coefficients a , a , ... a  where1 2 k

k is n/2 if n is even and (n-1)/2 if n is odd.  For the data in this example, n = 24 and k = 12.  The a  values are listedi

in Table 6.
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TABLE 6.  COEFFICIENTS AND DIFFERENCES FOR SHAPIRO-WILK'S EXAMPLE

i a X  - Xi
(n-i+1) (i)

1 0.4493 0.627 X - X  (24) (1)

2 0.3098 0.376 X - X  (23) (2)

3 0.2554 0.298 X - X  (22) (3)

4 0.2145 0.262 X - X  (21) (4)

5 0.1807 0.200 X - X  (20) (5)

6 0.1512 0.163 X - X  (19) (6)

7 0.1245 0.162 X - X  (18) (7)

8 0.0997 0.157 X - X  (17) (8)

9 0.0764 0.117 X - X  (16) (9)

10 0.0539 0.117 X - X  (15) (10)

11 0.0321 0.065 X - X  (14) (11)

12 0.0107 0.000 X - X  (13) (12)

11.13.2.6.6  Compute the test statistic, W, as follows: 

The differences X  - X  are listed in Table 6.  For the data in this example, (n-i+1) (i)

11.13.2.6.7  The decision rule for this test is to compare W as calculated in Section 13.2.6.6 to a critical value found
in Table 6, Appendix B.  If the computed W is less than the critical value, conclude that the data are not normally
distributed.  For the data in this example, the critical value at a significance level of 0.01 and n = 24 observations
is 0.884.  Since W = 0.974 is greater than the critical value, conclude that the data are normally distributed. 

11.13.2.7  Test for Homogeneity of Variance 

11.13.2.7.1  The test used to examine whether the variation in mean proportion surviving is the same across all
toxicant concentrations including the control, is Bartlett's Test (Snedecor and Cochran, 1980).  The test statistic is
as follows:
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Where:   V  = degrees of freedom for each toxicant concentration and control, V  = (n  - 1) i i i

          n  = the number of replicates for concentration i i

          ln = log  e

      i  = 1, 2, ..., p where p is the number of concentrations including the control

        

         

11.13.2.7.2  For the data in this example (see Table 3), all toxicant concentrations including the control have the
same number of replicates (n  = 4 for all i).  Thus, V  = 3 for all i. i i

11.13.2.7.3  Bartlett's statistic is therefore: 

 

= [18(-3.7465) - 3(-24.7516)]/1.1296 

= 6.8178/1.1296 

= 6.036 

11.13.2.7.4  B is approximately distributed as chi-square with p - 1 degrees of freedom, when the variances are in
fact the same.  Therefore, the appropriate critical value for this test (from a table of chi-square distribution), at a
significance level of 0.01 with five degrees of freedom, is 15.086.  Since B = 6.036 is less than the critical value
of 15.086, conclude that the variances are not different. 

11.13.2.8  Dunnett's Procedure 

11.13.2.8.1  To obtain an estimate of the pooled variance for the Dunnett's Procedure, construct an ANOVA table
as described in Table 7.
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TABLE 7.  ANOVA TABLE

Source df Sum of Squares Mean Square(MS) 
(SS) (SS/df) 

 
Between p - 1 SSB  = SSB/(p-1) 

 
Within N - p SSW  = SSW/(N-p) 

Total N - 1 SST 

Where: p = number toxicant concentrations including the control

N = total number of observations n  + n  ... + n1 2 p

n = number of observations in concentration i i

Between Sum of Squares

Total Sum of Squares

   Within Sum of Squares

G =   the grand total of all sample observations,   

T =   the total of the replicate measurements for concentration i i

Y =    the jth observation for concentration i (represents the proportion surviving for    toxicantij

concentration i in test chamber j) 

11.13.2.8.2  For the data in this example: 

    n  = n  = n  = n  = n  = n  = 4 1 2 3 4 5 6

N  = 24 

T  = Y  + Y  + Y  + Y  = 5.322 1 11 12 13 14

T  = Y  + Y  + Y  + Y  = 4.733 2 21 22 23 24

T  = Y  + Y  + Y  + Y  = 5.485 3 31 32 33 34

T  = Y  + Y  + Y  + Y  = 5.017 4 41 42 43 44

T  = Y  + Y  + Y  + Y  = 4.437 5 51 52 53 54

T  = Y  + Y  + Y  + Y  = 2.414 6 61 62 63 64
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TABLE 8.  ANOVA TABLE FOR DUNNETT'S PROCEDURE EXAMPLE
 

Source df Sum of Squares Mean Square(MS)
(SS) (SS/df)

Between 5 1.574 0.315 
 

Within 18 0.426 0.024 

Total 23 2.002                                 

G  = T  + T  + T  + T  + T  + T  = 27.408 1 2 3 4 5 6

  

  

       
 

  = 2.000 - 1.574 = 0.4260 

            S   = SSB/(p-1)   = 1.574/(6-1) = 0.3150 B
2

S   = SSW/(N-p) = 0.426/(24-6) = 0.024 W
2

11.13.2.8.3  Summarize these calculations in the ANOVA table (Table 8).

11.13.2.8.4  To perform the individual comparisons, calculate the t statistic for each concentration, and control
combination as follows:
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TABLE 9.  CALCULATED T VALUES
 
NaPCP Concentration (µg/L) i ti

 
32 2 1.341
64 3 -0.374

128 4 0.693
256 5 2.016
512 6 6.624

Where:  = mean proportion surviving for concentration i 

= mean proportion surviving for the control 

S = square root of the within mean square W

n = number of replicates for the control 1

n = number of replicates for concentration i. i

11.13.2.8.5  Table 9 includes the calculated t values for each concentration and control combination.  In this example,
comparing the 32 µg/L concentration with the control the calculation is as follows:

11.13.2.8.6  Since the purpose of this test is to detect a significant reduction in proportion surviving, a one-sided test
is appropriate.  The critical value for this one-sided test is found in Table 5, Appendix C.  For an overall alpha level
of 0.05, 18 degrees of freedom for error and five concentrations (excluding the control) the critical value is 2.41.
The mean proportion surviving for concentration i is considered significantly less than the mean proportion surviving
for the control if t  is greater than the critical value.  Since t  is greater than 2.41, the 512 µg/L concentration hasi 6

significantly lower survival than the control.  Hence the NOEC and the LOEC for survival are 256 µg/L and 512
µg/L, respectively.

11.13.2.8.7  To quantify the sensitivity of the test, the minimum significant difference (MSD) that can be detected
statistically may be calculated.

Where: d = the critical value for Dunnett's procedure

S = the square root of the within mean squareW
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n = the common number of replicates at each concentration 
(this assumes equal replication at each concentration)

 n = the number of replicates in the control.1

11.13.2.8.8  In this example:

= 2.41 (0.155)(0.707)

= 0.264

11.13.2.8.9  The MSD (0.264) is in transformed units.  To determine the MSD in terms of percent survival, carry
out the following conversion. 

    1. Subtract the MSD from the transformed control mean. 

                            1.330 - 0.264 = 1.066 

    2. Obtain the untransformed values for the control mean and the difference calculated in 1. 

                         [Sine ( 1.330) ]  = 0.943 2

                         [Sine ( 1.066) ]  = 0.766 2

    3. The untransformed MSD (MSD ) is determined by subtracting the u

       untransformed values from 2. 

                        MSD  = 0.943 - 0.766 = 0.177 u

11.13.2.8.10  Therefore, for this set of data, the minimum difference in mean proportion surviving between the
control and any toxicant concentration that can be detected as statistically significant is 0.177.

11.13.2.8.11  This represents a decrease in survival of 19% from the control.
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TABLE 10.  DATA FOR PROBIT ANALYSIS

NaPCP Concentration (µg/L)

Control 32 64 128 256 512

Number Dead 2 6 1 4 9 27
Number Exposed 40 40 40 40 40 40

11.13.2.9  Calculation of the LC50 

11.13.2.9.1  The data used for the Probit Analysis is summarized in Table 10.  To perform the Probit Analysis, run
the USEPA Probit Analysis Program.  An example of the program input and output is supplied in Appendix I.

11.13.2.9.2  For this example, the chi-square test for heterogeneity was not significant, thus Probit Analysis appears
appropriate for this data.

11.13.2.9.3  Figure 8 shows the output data for the Probit Analysis of the data in Table 10 using the USEPA Probit
Program.

11.13.3 EXAMPLE OF ANALYSIS OF FATHEAD MINNOW, PIMEPHALES PROMELAS, GROWTH DATA

11.13.3.1  Formal statistical analysis of the growth data is outlined in Figure 9.  The response used in the statistical
analysis is mean weight per replicate.  An IC estimate can be calculated for the growth data via a point estimation
technique (see Section 9, Chronic Toxicity Test Endpoints and Data Analysis).  Hypothesis testing can be used to
obtain the NOEC for growth.  Concentrations above the NOEC for survival are excluded from the hypothesis test
for growth effects.

11.13.3.2  The statistical analysis using hypothesis tests consists of a parametric test, Dunnett's Procedure, and a
nonparametric test, Steel's Many-one Rank Test.  The underlying assumptions of the Dunnett's Procedure, normality
and homogeneity of variance, are formally tested.  The test for normality is the Shapiro-Wilk's Test and Bartlett's
Test is used to test for homogeneity of variance.  If either of these tests fails, the nonparametric test, Steel's
Many-one Rank Test, is used to determine the NOEC and LOEC endpoints.  If the assumptions of Dunnett's
Procedure are met, the endpoints are determined by the parametric test.

11.13.3.3  Additionally, if unequal numbers of replicates occur among the concentration levels tested there are
parametric and nonparametric alternative analyses.  The parametric analysis is a t test with the Bonferroni
adjustment (see Appendix D).  The Wilcoxon Rank Sum Test with the Bonferroni adjustment is the
nonparametric alternative (see Appendix F).
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Probit Analysis of Fathead Minnow Larval Survival Data    

Proportion
Observed Responding

Number Number Proportion Adjusted for
Conc. Exposed Resp. Responding Controls

Control 40 2 0.0500 0.0000
32.0000 40 6 0.1500 0.0779
64.0000 40 1 0.0250 -.0577

128.0000 40 4 0.1000 0.0237
256.0000 40 9 0.2250 0.1593
512.0000 40 27 0.6750 0.6474

Chi - Square for Heterogeneity (calculated) = 4.522
Chi - Square for Heterogeneity 
        (Tabular value at 0.05 level) = 7.815

Probit Analysis of Fathead Minnow Larval Survival Data

Estimated LC/EC Values and Confidence Limits

                       Exposure Lower Upper
Point Conc. 95% Confidence Limits

LC/EC 1.00 127.637 34.590 195.433
LC/EC 50.00 422.696 345.730 531.024

Figure 8.  Output for USEPA Probit Analysis Program, Version 1.5



83

Figure 9. Flowchart for statistical analysis of fathead minnow, Pimephales promelas, larval growth data. 
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TABLE 11.  FATHEAD MINNOW, PIMEPHALES PROMELAS, GROWTH DATA

NaPCP Concentration (µg/L)
 
Replicate Control 32 64 128 256 512

    A 0.711 0.517 0.602 0.566 0.455 -
    B 0.662 0.501 0.669 0.612 0.502 -
    C 0.646 0.723 0.694 0.410 0.606 -
    D 0.690 0.560 0.676 0.672 0.254 -

Mean( )     0.677 0.525 0.660 0.624 0.580 -
          0.00084 0.01032 0.00162 0.01256 0.0218 -

i 1 2 3 4 5 6

         TABLE 12.  CENTERED OBSERVATIONS FOR SHAPIRO-WILK'S EXAMPLE 

NaPCP Concentration (µg/L)
Replicate Control 32 64 128 256 

A 0.034 -0.058 -0.058 0.001 0.001
B -0.015 -0.074 0.009 0.047 0.048
C -0.031 0.148 0.034 -0.155 0.152
D 0.013 -0.015 0.016 0.107 -0.200

11.13.3.4  The data, mean and variance of the observations at each concentration including the control are listed in
Table 11.  A plot of the weight data for each treatment is provided in Figure 10.  Since there is significant mortality
in the 512 µg/L concentration, its effect on growth is not considered.

11.13.3.5  Test for Normality

11.13.3.5.1  The first step of the test for normality is to center the observations by subtracting the mean of all the
observations within a concentration from each observation in that concentration.  The centered observations are
summarized in Table 12.
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Figure 10. Plot of weight data from fathead minnow, Pimephales promelas, larval survival and growth test for point estimate testing.
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TABLE 13.  ORDERED CENTERED OBSERVATIONS FOR SHAPIRO-WILK'S EXAMPLE 

i X i X  (i) (i)

1 -0.200 11 0.009
2 -0.155 12 0.013
3 -0.074 13 0.016
4 -0.058               14 0.034
5 -0.058 15 0.034
6 -0.031 16 0.047
7 -0.015 17 0.048
8 -0.015 18 0.107
9 0.001 19 0.148

10 0.001 20 0.152

11.13.3.5.2  Calculate the denominator, D, of the test statistic:

Where: X = the ith centered observation i

= the overall mean of the centered observations 

n = the total number of centered observations 

For this set of data, n = 20

D = 0.1414

11.13.3.5.3  Order the centered observations from smallest to largest 

                  X  < X  < ... < X  (1) (2) (n)

Where X  is the ith ordered observation.  These ordered observations are listed in Table 13.(i)

11.13.3.5.4  From Table 4, Appendix B, for the number of observations, n, obtain the coefficients a , a , ..., a  where1 2 k

k is n/2 if n is even and (n-1)/2 if n is odd.  For the data in this example, n = 20 and k = 10.  The a  values are listedi

in Table 14.
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TABLE 14.  COEFFICIENTS AND DIFFERENCES FOR SHAPIRO-WILK'S EXAMPLE

i a X  - X  i
(n-i+1) (i)

1 0.4734 0.352 X  - X  (20) (1)

2 0.3211 0.303 X  - X  (19) (2)

3 0.2565 0.131 X  - X  (18) (3)

4 0.2085 0.106 X  - X  (17) (4)

5 0.1686 0.105 X  - X  (16) (5)

6 0.1334 0.065 X  - X  (15) (6)

7 0.1013 0.049 X  - X  (14) (7)

8 0.0711 0.031 X  - X  (13) (8)

9 0.0422 0.012 X  - X  (12) (9)

10 0.0140 0.008 X  - X  (11) (10)

11.13.3.5.5  Compute the test statistic, W, as follows:

the differences X  - X  are listed in Table 14.  For this set of data:(n-i+1) (i)

11.13.3.5.6  The decision rule for this test is to compare W with the critical value found in Table 6, Appendix B.
If the computed W is less than the critical value, conclude that the data are not normally distributed.  For this
example, the critical value at a significance level of 0.01 and 20 observations (n) is 0.868.  Since W = 0.959 is
greater than the critical value, the conclusion of the test is that the data are normally distributed.

11.13.3.6  Test for Homogeneity of Variance 

11.13.3.6.1  The test used to examine whether the variation in mean dry weight is the same across all toxicant
concentrations including the control, is Bartlett's Test (Snedecor and Cochran, 1980).  The test statistic is as follows:

   Where: V = degrees of freedom for each toxicant concentration and control,  V  = (n  - 1)i i i

n = the number of replicates for concentration i.i
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ln = log  e

i = 1, 2, ..., p where p is the number of concentrations including the control

 

          

11.13.3.6.2  For the data in this example, (see Table 11) all toxicant concentrations including the control have the
same number of replicates (n  = 4 for all i).  Thus, V  = 3 for all i.i i

11.13.3.6.3  Bartlett's statistic is therefore:

 = [15(-5.9145) - 3(-26.2842]/1.133 

= 8.8911/1.133 

= 7.847 

11.13.3.6.4  B is approximately distributed as chi-square with p - 1 degrees of freedom, when the variances are in
fact the same.  Therefore, the appropriate critical value for this test, at a significance level of 0.01 with four degrees
of freedom, is 13.277.  Since B = 7.847 is less than the critical value of 13.277, conclude that the variances are not
different.

11.13.3.7  Dunnett's Procedure
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TABLE 15.  ANOVA TABLE
 

Source df Sum of Squares Mean Square(MS)
(SS) (SS/df)

   
Between p - 1 SSB  = SSB/(p-1)

    
Within N - p SSW  = SSW/(N-p)

Total N - 1 SST

11.13.3.7.1  To obtain an estimate of the pooled variance for the Dunnett's Procedure, construct an ANOVA table
as described in Table 15.

Where: p = number toxicant concentrations including the control 

N = total number of observations n  + n  ... + n  1 2 p

n = number of observations in concentration i i

Between Sum of Squares

Total Sum of Squares

Within Sum of Squares 

G = the grand total of all sample observations, 

T = the total of the replicate measurements for concentration ii

Y = the jth observation for concentration i (represents the mean dry weight of the fish for toxicantij

concentration i in test chamber j) 

11.13.3.7.2  For the data in this example:

n = n  = n  = n  = n  = 4 1 2 3 4 5

N = 20 

T = Y  + Y  + Y  + Y  = 2.709 1 11 12 13 14

T = Y  + Y  + Y  + Y  = 2.301 2 21 22 23 24

T = Y  + Y  + Y  + Y  = 2.641 3 31 32 33 34

T  = Y  + Y  + Y  + Y  = 2.260 4 41 42 43 44
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TABLE 16.  ANOVA TABLE FOR DUNNETT'S PROCEDURE EXAMPLE

Source df Sum of Squares Mean Square(MS)
(SS) (SS/df)

Between 4 0.1270 0.0318

Within 15 0.1417 0.0094

Total 19 0.2687

T = Y  + Y  + Y  + Y  = 1.817 5 51 52 53 54

G = T  + T  + T  + T  + T  = 11.7281 2 3 4 5

    

  = 0.2687 - 0.1270 = 0.1417 

S = SSB/(p-1) = 0.1270/(5-1)   = 0.0318B
2

                     
S = SSW/(N-p) = 0.041/(20-5)  = 0.0094 W

2

11.13.3.7.3  Summarize these calculations in the ANOVA table (Table 16).

11.13.3.7.4  To perform the individual comparisons, calculate the t statistic for each concentration, and control
combination as follows: 

Where: = mean dry weight for toxicant concentration i
     

  = mean dry weight for the control

S = square root of the within mean squareW
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n = number of replicates for the control1

n = number of replicates for concentration i.i

11.13.3.7.5  Table 17 includes the calculated t values for each concentration and control combination.  In this
example, comparing the 32 µg/L concentration with the control the calculation is as follows:

TABLE 17.  CALCULATED T VALUES  

NaPCP
Concentration i ti

(µg/L)

32 2 1.487
64 3 0.248

128 4 1.632
256 5 3.251

11.13.3.7.6  Since the purpose of this test is to detect a significant reduction in mean weight, a one-sided test is
appropriate.  The critical value for this one-sided test is found in Table 5, Appendix C.  For an overall alpha level
of 0.05, 15 degrees of freedom for error and four concentrations (excluding the control) the critical value is 2.36.
The mean weight for concentration "i" is considered significantly less than the mean weight for the control if t  isi

greater than the critical value.  Since t  and t  are greater than 2.36, the 128 µg/L and 256 µg/L concentrations have4 5

significantly lower growth than the control.  Hence the NOEC and the LOEC for growth are 128 µg/L and 256 µg/L,
respectively.

11.13.3.7.7  To quantify the sensitivity of the test, the minimum significant difference (MSD) that can be statistically
detected may be calculated:

Where: d = the critical value for the Dunnett's Procedure

S = the square root of the within mean squareW

n = the common number of replicates at each concentration 
(this assumes equal replication at each concentration) 

n = the number of replicates in the control. 1

11.13.3.7.8  In this example:
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= 2.36 (0.097) (0.707)

= 0.162

11.13.3.7.9  Therefore, for this set of data, the minimum difference that can be detected as statistically significant
is 0.162 mg. 

11.13.3.7.10  This represents a 24% reduction in mean weight from the control.

11.13.3.8  Calculation of the IC

11.13.3.8.1  The growth data in Table 2 modified to be mean weights per original number of fish are utilized in this
example.  As seen in Table 2 and Figure 11, the observed means are not monotonically non-increasing with respect
to concentration (the mean response for each higher concentration is not less than or equal to the mean response for
the previous concentration, and the responses between concentrations do not follow a linear trend).  Therefore, the
means are smoothed prior to calculating the IC.  In the following discussion, the observed means are represented
by  and the smoothed means by M .i

11.13.3.8.2  Starting with the control mean,  = 0.677, we see that  > .  Set M  =   Comparing  to , < .1

11.13.3.8.3  Calculate the smoothed means:

                  M  = M  = ( + )/2 = 0.6182 3

                                                  
11.13.3.8.4  For the remaining observed means,  M  >  >  > .  Thus, M  becomes , M  becomes  etc., for the3 4 5

remaining concentrations.  Table 18 contains the smoothed means, and Figure 11 provides a plot of the smoothed
concentration response curve.
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Figure 11.  Plot of raw data, observed means, and smoothed means for the fathead minnnow, Pimephales promelas, growth data in Tables 2 and 18.
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            TABLE 18. FATHEAD MINNOW, PIMEPHALES PROMELAS, MEAN GROWTH RESPONSE
AFTER SMOOTHING

NaPCP Response Smoothed
Conc i means, means, Mi
(µg/L) (mg) (mg)

Control 1 0.677 0.677
32 2 0.575 0.618
64 3 0.660 0.618

128 4 0.565 0.565
256 5 0.454 0.454
512 6 0.150 0.150

11.13.3.8.5  An IC25 and an IC50 can be estimated using the Linear Interpolation Method.  A 25% reduction in
weight, compared to the controls, would result in a mean dry weight of 0.508 mg, where M (1 - p/100) = 0.677(11

- 25/100).  A 50% reduction in weight, compared to the controls, would result in a mean weight of 0.339 mg, where
M (1 - p/100) = 0.677(1 - 50/100).  Examining the smoothed means and their associated concentrations (Table 18),1

the response 0.508 mg is bracketed by C  = 128 µg/L and C  = 256 µg/L.  For the 50% reduction (0.339 mg), the4 5

response (0.339 µg) is bracketed by C  = 256 µg/L and C  = 512 µg/L.5 6

11.13.3.8.6  Using the equation in Section 4.2 from Appendix M, the estimate of the IC25 is calculated as follows:

 

 

= 194 µg/L

11.13.3.8.7  Using the equation in Section 4.2 of Appendix M the estimate of the IC50 is calculated as follows:

 

 

= 353 µg/L

11.13.3.8.8  When the ICPIN program was used to analyze this set of data, requesting 80 resamples, the estimate
of the IC25 was 193.9503 µg/L.  The empirical 95% confidence interval for the true mean was (54.9278 µg/L,
340.6617 µg/L).  The computer program output for the IC25 for this data set is shown in Figure 12.
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Conc. ID 1 2 3 4 5 6

Conc. Tested 0 32 64 128 256 512

Response 1 0.711 0.517 0.602 0.566 0.455 0.143
Response 2 0.662 0.501 0.669 0.612 0.502 0.163
Response 3 0.646 0.723 0.694 0.410 0.606 0.195
Response 4 0.690 0.560 0.676 0.672 0.254 0.099

*** Inhibition Concentration Percentage Estimate ***
Toxicant/Effluent: NaPCP
Test Start Date: Example   Test Ending Date: 
Test Species: Fathead minnows
Test Duration:             7-d
DATA FILE: fhmanual.icp
OUTPUT FILE: fhmanual.i25

Conc. Number Concentration Response Std. Pooled
ID Replicates µg/l Means Dev. Response Means
1 4 0.000 0.677 0.029 0.677
2 4 32.000 0.575 0.102 0.618
3 4 64.000 0.660 0.040 0.618
4 4 128.000 0.565 0.112 0.565
5 4 256.000 0.454 0.148 0.454
6 4 512.000 0.150 0.040 0.150

The Linear Interpolation Estimate:   193.9503   Entered P Value: 25

Number of Resamplings:   80
The Bootstrap Estimates Mean: 186.4935 Standard Deviation:    52.6094
Original Confidence Limits:   Lower:   107.0613 Upper:   285.6449
Expanded Confidence Limits:   Lower:    54.9278 Upper:   340.6617
Resampling time in Seconds:     1.81  Random Seed: 1272173518

Figure 12.  ICPIN program output for the IC25.

11.13.3.8.9  When the ICPIN program was used to analyze this set of data for the IC50, requesting 80 resamples,
the estimate of the IC50 was 353.2884 µg/L.  The empirical 95% confidence interval for the true mean was
208.4723 µg/L and 418.5276 µg/L.  The computer program output is shown in Figure 13.
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Conc. ID 1 2 3 4 5 6

Conc. Tested 0 32 64 128 256 512

Response  1 0.711 0.517 0.602 0.566 0.455 0.143
Response  2 0.662 0.501 0.669 0.612 0.502 0.163
Response  3 0.646 0.723 0.694 0.410 0.606 0.195
Response  4 0.690 0.560 0.676 0.672 0.254 0.099

*** Inhibition Concentration Percentage Estimate ***
Toxicant/Effluent: NaPCP
Test Start Date: Example   Test Ending Date: 
Test Species: Fathead minnows
Test Duration:             7-d
DATA FILE: fhmanual.icp
OUTPUT FILE: fhmanual.i50

Conc. Number Concentration Response Std. Pooled
ID Replicates µg/l Means Dev. Response Means

1 4 0.000 0.677 0.029 0.677
2 4 32.000 0.575 0.102 0.618
3 4 64.000 0.660 0.040 0.618
4 4 128.000 0.565 0.112 0.565
5 4 256.000 0.454 0.148 0.454
6 4 512.000 0.150 0.040 0.150

The Linear Interpolation Estimate:   353.2884   Entered P Value: 50

Number of Resamplings:   80
The Bootstrap Estimates Mean: 345.1108 Standard Deviation:    37.0938
Original Confidence Limits:   Lower:   262.7783 Upper:   394.0629
Expanded Confidence Limits:   Lower:   208.4723 Upper:   418.5276
Resampling time in Seconds:     1.87  Random Seed: 1126354766

Figure 13.  ICPIN program output for the IC50.
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TABLE 19. PRECISION OF THE FATHEAD MINNOW, PIMEPHALES PROMELAS, LARVAL SURVIVAL
AND GROWTH TEST, USING NAPCP AS A REFERENCE TOXICANT1,2

Chronic
NOEC LOEC Value 

Test (µg/L) (µg/L) (µg/L)

1 256 512 362
2 128 256 181
3 256 512 362
4 128 256 181
5 128 256 181

         n: 5 5 5
      Mean: NA NA 253.4

  From Pickering, 1988.1

  For a discussion of the precision of data from chronic toxicity tests,2

   (see Section 4, Quality Assurance). 

11.14  PRECISION AND ACCURACY

11.14.1  PRECISION

11.14.1.1  Single-Laboratory Precision

11.14.1.1.1  Information on the single-laboratory precision of the fathead minnow larval survival and growth test
is presented in Table 19.  The range of NOECs was only two concentration intervals, indicating good precision.

11.14.1.2  Multilaboratory Precision

11.14.1.2.1  A multilaboratory study of Method 1000.0 described in the first edition of this manual (USEPA,
1985e), was performed using seven blind samples over an eight month period (DeGraeve et. al., 1988).  In this
study, each of the 10 participating laboratories was to conduct two tests simultaneous with each sample, each test
having two replicates of 10 larvae for each of five concentrations and the control.  Of the 140 tests planned, 135
were completed.  Only nine of the 135 tests failed to meet the acceptance criterion of 80% survival in the
controls.  Of the 126 acceptable survival NOECs reported, an average of 41% were median values, and 89%
were within one concentration interval of the median (Table 20).  For the growth (weight) NOECs, an average of
32% were at the median, and 84% were within one concentration interval of the median (Table 21).  Using point
estimate techniques, the precision (CV) of the IC50 was 19.5% for the survival data and 19.8% for the growth
data.  If the mean weight acceptance criterion of 0.25 mg for the surviving control larvae, which is included in
this revised edition of the method, had applied to the test results of the interlaboratory study, one third of the 135
tests would have failed to meet the test criteria (Norberg-King, personal communication and 1989 memorandum;
DeGraeve et al., 1991). 

11.14.2  ACCURACY 

11.14.2.1  The accuracy of toxicity tests cannot be determined.



98

      TABLE 20. COMBINED FREQUENCY DISTRIBUTION FOR SURVIVAL NOECs FOR ALL
LABORATORIES1

NOEC Frequency (%) Distribution

Tests with Two Reps Tests with Four Reps
> 2 n  ± 1  2Sample Median  ± 1    Media   >2 3 2 3

1. Sodium Pentachlorophenate (A) 35 53 12 57 29 14 

2. Sodium Pentachlorophenate (B) 42 42 16 56 44 0 

3. Potassium Dichromate (A) 47 47 6 75 25 0 

4. Potassium Dichromate (B) 41 41 18 50 50 0 

5. Refinery Effluent 301 26 68 6 78 22 0 

6. Refinery Effluent 401 37 53 10 56 44 0 

7. Utility Waste 501 56 33 11 56 33 11 

  From DeGraeve et al., 1988. 1

  Percent of values within one concentration intervals of the median.2

  Percent of values within two or more concentrations intervals of the median.3
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TABLE 21. COMBINED FREQUENCY DISTRIBUTION FOR WEIGHT NOECs FOR ALL
LABORATORIES1

NOEC Frequency (%) Distribution

Tests with Two Reps Tests with Four Reps
> 2 n  ± 1 > 2  Sample Median  ± 1    Media     2 3 2 3

1. Sodium Pentachlorophenate (A) 59 41 0 57 43 0

2. Sodium Pentachlorophenate (B) 37 63 0 22 45 33

3. Potassium Dichromate (A) 35 47 18 88 0 12

4. Potassium Dichromate (B) 12 47 41 63 25 12

5. Refinery Effluent 301 35 53 12 75 25 0

6. Refinery Effluent 401 37 47 16 33 56 11

7. Utility Waste 501 11 61 28 33 56 11

  From DeGraeve et al., 1988.1

  Percent of values within one concentration intervals of the median.2

  Percent of values within two or more concentrations intervals of the median.3
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SECTION 12

TEST METHOD

FATHEAD MINNOW, PIMEPHALES PROMELAS,
EMBRYO-LARVAL SURVIVAL AND TERATOGENICITY TEST

METHOD 1001.0

12.1  SCOPE AND APPLICATION

12.1.1  This method estimates the chronic toxicity of whole effluents and receiving water to the fathead minnow,
Pimephales promelas, using embryos in a seven-day, static renewal test.  The effects include the synergistic,
antagonistic, and additive effects of all the chemical, physical, and biological components which adversely affect the
physiological and biochemical functions of the test organisms.  The test is useful in screening for teratogens because
organisms are exposed during embryonic development.

12.1.2  Daily observations on mortality make it possible to also calculate the acute toxicity for desired exposure
periods (i.e., 24-h, 48-h, 96-h LC50s).

12.1.3  Detection limits of the toxicity of an effluent or pure substance are organism dependent.

12.1.4  Brief excursions in toxicity may not be detected using 24-h composite samples.  Also, because of the long
sample collection period involved in composite sampling, and because the test chambers are not sealed, highly
degradable and highly volatile toxicants, in the source may not be detected in the test. 

12.1.5  This test method is commonly used in one of two forms: (1) a definitive test, consisting of a minimum of
five effluent concentrations and a control, and (2) a receiving water test(s), consisting of one or more receiving water
concentrations and a control. 

12.2  SUMMARY OF METHOD

12.2.1  Fathead minnow, Pimephales promelas, embryos are exposed in a static renewal system to different
concentrations of effluent or to receiving water for seven days, starting shortly after fertilization of the eggs.  Test
results are based on the total frequency of both mortality and gross morphological deformities (terata). 

12.3  INTERFERENCES

12.3.1  Toxic substances may be introduced by contaminants in dilution water, glassware, sample hardware, and
testing equipment (see Section 5, Facilities, Equipment, and Supplies).

12.3.2  Adverse effects of low dissolved oxygen (DO), high concentrations of suspended and/or dissolved solids, and
extremes of pH may mask the presence of toxic substances.

12.3.3  Improper effluent sampling and sample handling may adversely affect test results (see Section 8, Effluent
and Receiving Water Sampling, Sample Handling, and Sample Preparation for Toxicity Tests). 

12.3.4  Pathogenic and/or predatory organisms in the dilution water and effluent may affect test organism survival
and confound test results.
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12.4  SAFETY

12.4.1  See Section 3, Health and Safety. 

12.5  APPARATUS AND EQUIPMENT

12.5.1  Fathead minnow and brine shrimp culture units -- See Section 11, Fathead Minnow, Pimephales Promelas,
Larval Survival and Growth Test, and USEPA, 1993b.  To test effluent toxicity on-site or in the laboratory, sufficient
numbers of newly fertilized eggs must be available, preferably from a laboratory fathead minnow culture unit.  If
necessary, embryos can be shipped in well oxygenated water in insulated containers.  In cases where shipping is
necessary, up to 48-h old embryos may be used for the test.

12.5.2  Samplers -- automatic sampler, preferably with sample cooling capability, that can collect a 24-h composite
sample of 5 L or more.

12.5.3  Sample containers -- for sample shipment and storage (see Section 8, Effluent and Receiving Water Sampling,
Sample Handling, and Sample Preparation for Toxicity Tests). 

12.5.4  Environmental chamber or equivalent facility with temperature control (25 ± 1°C). 

12.5.5  Water purification system -- MILLIPORE MILLI-Q , deionized water or equivalent (see Section 5, Facilities,®

Equipment, and Supplies).

12.5.6  Balance -- analytical, capable of accurately weighing to 0.00001 g.

12.5.7  Reference weights, Class S -- for checking performance of balance.  Weights should bracket the expected
weights of material to be weighed.

12.5.8  Test chambers -- four (minimum of three) borosilicate glass or disposable, non-toxic plastic labware, per test
solution, such as:  500-mL beakers; 100 mm x 15 mm or 100 mm x 20 mm glass or disposable polystyrene Petri
dishes; or 12-cm OD, stackable "Carolina" culture dishes.  The chambers should be covered with safety glass plates
or sheet plastic during the test to avoid potential contamination from the air and excessive evaporation of the test
solutions during the test.

12.5.9  Dissecting microscope, or long focal length magnifying lens, hand or stand supported -- for examining
embryos and larvae in the test chambers.

12.5.10  Light box, microscope lamp, or flashlight -- for illuminating chambers during examination and observation
of embryos and larvae. 

12.5.11  Volumetric flasks and graduated cylinders -- Class A, borosilicate glass or non-toxic plastic labware,
10-1000 mL, for making test solutions.

12.5.12  Volumetric pipets -- Class A, 1-100 mL. 

12.5.13  Serological pipets -- 1-10 mL, graduated.

12.5.14  Pipet bulbs and fillers -- PROPIPET , or equivalent. ®

12.5.15  Droppers, and glass tubing with fire polished edges, 2-mm ID -- for transferring embryos, and 4-mm ID
-- for transferring larvae. 
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12.5.16  Wash bottles -- for washing embryos from substrates and containers and for rinsing small glassware and
instrument electrodes and probes.

12.5.17  Thermometers, glass or electronic, laboratory grade -- for measuring water temperatures.

12.5.18  Bulb-thermograph or electronic-chart type thermometers -- for continuously recording temperature.

12.5.19  Thermometer, National Bureau of Standards Certified (see USEPA Method 170.1, USEPA 1979b) -- to
calibrate laboratory thermometers.

12.5.20  Meters, pH, DO, and specific conductivity -- for routine physical and chemical measurements.

12.6  REAGENTS AND CONSUMABLE MATERIALS

12.6.1  Sample containers -- for sample shipment and storage (see Section 8, Effluent and Receiving Water Sampling,
Sample Handling and Sample Preparation for Toxicity Tests).

12.6.2  Data sheets (one set per test) -- for recording data.

12.6.3  Tape, colored -- for labelling test chambers.

12.6.4  Markers, waterproof -- for marking containers, etc.

12.6.5  Reagents for hardness and alkalinity tests -- see USEPA Methods 130.2 and 310.1, USEPA 1979b. 
 
12.6.6  Membranes and filling solutions for DO probe (see USEPA Method 360.1, USEPA 1979b), or reagents --
for modified Winkler analysis. 
 
12.6.7  Standard pH buffers, pH 4, pH 7, and pH 10 (or as per instructions of instrument manufacturer) -- for
instrument calibration (see USEPA Method 150.1, USEPA 1979b). 

12.6.8  Specific conductivity standards -- see USEPA Method 120.1, USEPA 1979b.

12.6.9  Laboratory quality control samples and standards -- for calibration of the above methods.

12.6.10  Reference toxicant solutions -- see Section 4, Quality Assurance.

12.6.11  Reagent water -- defined as distilled or deionized water which does not contain substances which are toxic
to the test organisms (see Section 5, Facilities, Equipment, and Supplies). 

12.6.12  Effluent, receiving water, and dilution water -- see Section 7, Dilution Water; and Section 8, Effluent and
Receiving Water Sampling, Sample Handling, and Sample Preparation for Toxicity Tests.

12.6.13  TEST ORGANISMS, FATHEAD MINNOWS, PIMEPHALES PROMELAS 

12.6.13.1  Fathead minnow embryos, less than 36-h old, are used for the test.  The test is conducted with four
(minimum of three) test chambers at each toxicant concentration and control.  Fifteen (minimum of ten) embryos
are placed in each replicate test chamber.  Thus 60 (minimum of 30) embryos are exposed at each test concentration
and 360 (minimum of 180) embryos would be needed for a test consisting of five effluent concentrations and a
control.
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12.6.13.2  Sources of Organisms

12.6.13.2.1  It is recommended that the embryos be obtained from inhouse cultures or other local sources if at all
possible, because it is often difficult to ship the embryos so that they will be less than 36 h old for beginning the
test.  Receipt of embryos via Express Mail, air express, or other carrier, from a reliable outside source is an
acceptable alternative, but they must not be over 48 h old when used to begin the test.

12.6.13.2.2  Culturing methods for fathead minnows, Pimephales promelas, are described in Section 6, Section 11
and in USEPA, 1993b.

12.6.13.2.3  Fish obtained from outside sources (see Section 5, Facilities, Equipment, and Supplies) such as
commercial biological supply houses for use as brood stock should be guaranteed to be (1) of the correct species,
(2) disease free, (3) in the requested age range, and (4) in good condition.  This can be done by providing the record
of the date on which the eggs were laid and hatched, and information on the sensitivity of the contemporary fish to
reference toxicants. 

12.6.13.3  Obtaining Embryos for Toxicity Tests from Inhouse Cultures.

12.6.13.3.1  Spawning substrates with the newly-spawned, fertilized embryos are removed from the spawning tanks
or ponds, and the embryos are separated from the spawning substrate by using the index finger and rolling the
embryos gently with a circular movement of the finger (see Gast and Brungs, 1973).  The embryos are then
combined and washed from the spawning substrate onto a 400 µm NITEX  screen, sprayed with a stream of®

deionized water to remove detritus and food particles, and back-washed with dilution water into a crystallizing dish
for microscopic examination.  Damaged and infertile eggs are discarded.

12.6.13.3.2  The embryos from three or more spawns are pooled in a single container to provide a sufficient number
to conduct the tests.  These embryos may be used immediately to start a test inhouse or may be transported for use
at a remote location.  When transportation is required, embryos should be taken from the substrates within 12 h of
spawning.  This permits off-site tests to be started with less than 36-h old embryos.  Embryos should be transported
or shipped in clean, opaque, insulated containers, in well aerated or oxygenated fresh culture or dilution water, and
should be protected from extremes of temperature and any other stressful conditions during transport. Instantaneous
changes of water temperature when embryos are transferred from culture unit water to test dilution water, or from
transport container water to on-site test dilution water, should be less than 2°C.  Sudden changes in pH, dissolved
ions, osmotic strength, and DO should be avoided.

12.7  EFFLUENT AND RECEIVING WATER COLLECTION, PRESERVATION, AND STORAGE

12.7.1  See Section 8, Effluent and Receiving Water Sampling, Sample Handling, and Sample Preparation for
Toxicity Tests.

12.8  CALIBRATION AND STANDARDIZATION

12.8.1  See Section 4, Quality Assurance.

12.9  QUALITY CONTROL 

12.9.1  See Section 4, Quality Assurance.

12.10  TEST PROCEDURES 

12.10.1  TEST SOLUTIONS 

12.10.1.1  Receiving Waters 
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12.10.1.1.1  The sampling point is determined by the objectives of the test.  Receiving water toxicity is determined
with samples used directly as collected or after samples are passed through a 60 µm NITEX  filter and compared®

without dilution, against a control.  Using four replicate chambers per test, each containing 100 mL, and 400 mL
for chemical analysis, would require approximately one liter, or more, of sample per test day.

12.10.1.2  Effluents

12.10.1.2.1  The selection of the effluent test concentrations should be based on the objectives of the study.  A
dilution factor of 0.5 is commonly used.  A dilution factor of 0.5 provides precision of ± 100%, and testing of
concentrations between 6.25% and 100% effluent using only five effluent concentrations (6.25%, 12.5%, 25%, 50%,
and 100%).  Improvements in precision decline rapidly if the dilution factor is increased beyond 0.5 and precision
declines rapidly if a smaller dilution factor is used.  Therefore, USEPA recommends the use of the ≥ 0.5 dilution
factor.

12.10.1.2.2  If the effluent is known or suspected to be highly toxic, a lower range of effluent concentrations should
be used (such as 25%, 12.5%, 6.25%, 3.12%, and 1.56%).  If a high rate of mortality is observed during the first
1 to 2 h of the test, additional dilutions should be added at the lower range of effluent concentrations.

12.10.1.2.3  The volume of effluent required for daily renewal of four replicates per concentration, each containing
100 mL of test solution, is 1.5 L.  Sufficient test solution (approximately 1000 ml) is prepared at each effluent
concentration to provide 400 mL additional volume for chemical analyses.  If the sample is used for more than one
daily renewal of test solutions, the volume must be increased proportionately. 

12.10.1.2.4  Tests should begin as soon as possible, preferably within 24 h of sample collection.  The maximum
holding time following retrieval of the sample from the sampling device should not exceed 36 h for the off-site
toxicity tests unless permission is granted by the permitting authority.  In no case should the sample be used in a
test more than 72 h after sample collection  (see Section 8, Effluent and Receiving Water Sampling, Sample
Handling, and Sample Preparation for Toxicity Tests).

12.10.1.2.5  Just prior to test initiation (approximately 1 h) the temperature of sufficient quantity of the sample to
make the test solutions should be adjusted to the test temperature and maintained at that temperature during the
addition of dilution water.  

12.10.1.2.6  The DO of the test solutions should be checked prior to test initiation.  If any of the solutions are
supersaturated with oxygen or any solution has a DO below 4.0 mg/L, all of the solutions and the control must be
gently aerated.

12.10.1.3  Dilution Water

12.10.1.3.1  Dilution water may be uncontaminated receiving water, a standard synthetic (reconstituted) water, or
some other uncontaminated natural water (see Section 7, Dilution Water).

12.10.1.3.2  If the hardness of the test solutions (including the control) does not equal or exceed 25 mg/L as CaCO ,3

it may be necessary to adjust the hardness by adding reagents for synthetic softwater as listed in Table 3, Section 7.
In this case parallel tests should be conducted, one with the hardness adjusted and one unadjusted.

12.10.2  START OF THE TEST

12.10.2.1  Label the test chambers with a marking pen and use color-coded tape to identify each treatment and
replicate.  A minimum of five effluent concentrations and a control are used for each effluent test.  Each treatment
(including the control) should have four (minimum of three) replicates.
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12.10.2.2  Tests performed in laboratories that have inhouse fathead minnow breeding cultures must initiate tests with
embryos less than 36 h old.  When the embryos must be shipped to the test site from a remote location, it may be
necessary to use embryos older than 36 h because of the difficulty of coordinating test organism shipments with field
operations.  However, in the latter case, the embryos must not be more than 48 h old at the start of the test and
should all be within 24 h of the same age.

12.10.2.3  Randomize the position of the test chambers at the beginning of the test (see Appendix A).  Maintain the
chambers in this configuration throughout the test.  Preparation of a position chart may be helpful. 

12.10.2.4  The test organisms should come from a pool of embryos consisting of at least three separate spawnings.
Gently agitate and mix the embryos to be used in the test in a large container so that eggs from different spawns
are thoroughly mixed. 
 
12.10.2.5  Using a small bore (2 mm ID) glass tube, the embryos are placed one or two at a time into each randomly
arranged test chamber or intermediate container in sequential order, until each chamber contains 15 (minimum of
10) embryos, for a total of 60 (minimum of 30) embryos for each concentration (see Appendix A).  The amount of
water added to the chambers when transferring the embryos to the compartments should be kept to a minimum to
avoid unnecessary dilution of the test concentrations. 

12.10.2.6  After the embryos have been distributed to each test chamber, examine and count them.  Remove and
discard damaged or infertile eggs and replace with new undamaged embryos.  Placing the test chambers on a light
table may facilitate examining and counting the embryos.
 
12.10.3  LIGHT, PHOTOPERIOD AND TEMPERATURE 

12.10.3.1  The light quality and intensity should be at ambient laboratory levels, which is approximately 10-20
µE/m /s, or 50 to 100 foot candles (ft-c), with a photoperiod of 16 h of light and 8 h of darkness.  The water2

temperature in the test chambers should be maintained at 25 ± 1°C. 
 
12.10.4  DISSOLVED OXYGEN (DO) CONCENTRATION

12.10.4.1  Aeration may affect the toxicity of effluents and should be used only as a last resort to maintain
satisfactory DO concentrations.  The DO concentrations should be measured in the new solutions at the start of the
test (Day 0) and before daily renewal of the new solutions on subsequent days.  The DO concentrations should not
fall below 4.0 mg/L (see Section 8, Effluent and Receiving Water Sampling, Sample Handling, and Sample
Preparation for Toxicity Tests).  If it is necessary to aerate, all concentrations and the control should be aerated.
The aeration rate should not exceed 100 bubbles/min, using a pipet with an orifice of approximately 1.5 mm, such
as a l-mL KIMAX  serological Pipet No. 37033, or equivalent.  Care should be taken to ensure that turbulence®

resulting from the aeration does not cause undue physical stress to the embryos.
 
12.10.5  FEEDING 

12.10.5.1  Feeding is not required.

12.10.6  OBSERVATIONS DURING THE TEST

12.10.6.1  Routine Chemical and Physical Determinations

12.10.6.1.1  DO is measured at the beginning and end of each 24-h exposure period in at least one test chamber at
each test concentrations and in the control.
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12.10.6.1.2  Temperature and pH are measured at the end of each 24-h exposure period in at least one test chamber
at each test concentration and in the control.  Temperature should also be monitored continuously or observed and
recorded daily for at least two locations in the environmental control system or the samples.  Temperature should
be measured in a sufficient number of test vessels, at least at the end of the test, to determine temperature variation
in the environmental chamber.

12.10.6.1.3  The pH is measured in the effluent sample each day before new test solutions are made.

12.10.6.1.4  Conductivity, alkalinity and hardness are measured in each new sample (100% effluent or receiving
water) and in the control.

12.10.6.2  Record all the measurements on the data sheet (Figure 1).

12.10.6.3  Routine Biological Observations 

12.10.6.3.1  At the end of the first 24 h of exposure, before renewing the test solutions, examine the embryos.
Remove the dead embryos (milky colored and opaque) and record the number (Figure 2).  If the rate of mortality
(including those with fungal infection) exceeds 20% in the control chambers, or if excessive non-concentration-related
mortality occurs, terminate the test and start a new test with new embryos. 

12.10.6.3.2  At 25°C, hatching may begin on the fourth day.  After hatching begins, count the number of dead and
live embryos and the number of hatched, dead, live, and deformed larvae, daily.  Deformed larvae are those with
gross morphological abnormalities such as lack of appendages, lack of fusiform shape (non-distinct mass), lack of
mobility, a colored, beating heart in an opaque mass, or other characteristics that preclude survival.  Count and
remove dead embryos and larvae as previously discussed and record the numbers for all of the test observations
(Figure 2).  Upon hatching, deformed larvae are counted  as dead.

12.10.6.3.3  Protect the embryos and larvae from unnecessary disturbance during the test by carrying out the daily
test observations, solution renewals, and removal of dead organisms carefully.  Make sure that the test organisms
remain immersed during the performance of the above operations.

12.10.7  DAILY CLEANING OF TEST CHAMBERS

12.10.7.1  Since feeding is not required, test chambers are not cleaned daily unless accumulation of particulate matter
at the bottom of the chambers causes a problem.

12.10.8  TEST SOLUTION RENEWAL 

12.10.8.1  Freshly prepared solutions are used to renew the tests daily.  For on-site toxicity studies, fresh effluent
or receiving water samples should be collected daily, and no more than 24 h should elapse between collection of the
samples and their use in the tests (see Section 8, Effluent and Receiving Water Sampling, Sample Handling and
Sample Preparation for Toxicity Tests).  For off-site tests, a minimum of three samples are collected, preferably on
days one, three, and five.  Maintain the samples in the refrigerator at 4°C until used.

12.10.8.2  The test solutions are renewed immediately after removing dead embryos and/or larvae.  During the daily
renewal process, the water level in each chamber is lowered to a depth of 7 to 10 mm, which leaves 15 to 20% of
the test solution.  New test solution should be added slowly by pouring down the side of the test chamber to avoid
excessive turbulence and possible injury to the embryos or larvae. 
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Discharger: Test Dates:

Location: Analyst:

Control:
Day

1 2 3 4 5 6 7 Remarks
Temp.
D.O. Initial

Final
pH Initial

Final
Alkalinity
Hardness
Conductivity
Chlorine

Conc:
Day

1 2 3 4 5 6 7 Remarks
Temp.
D.O. Initial

Final
pH Initial

Final
Alkalinity
Hardness
Conductivity
Chlorine

Conc:
Day

1 2 3 4 5 6 7 Remarks
Temp.
D.O. Initial

Final
pH Initial

Final
Alkalinity
Hardness
Conductivity
Chlorine

Figure 1. Data form for the fathead minnow, Pimephales promelas, embryo-larval survival and
teratogenicity test.  Routine chemical and physical determinations.
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Discharger: Test Dates:

Location: Analyst:

Control:
Day

1 2 3 4 5 6 7 Remarks
Temp.
D.O. Initial

Final
pH Initial

Final
Alkalinity
Hardness
Conductivity
Chlorine

Conc:
Day

1 2 3 4 5 6 7 Remarks
Temp.
D.O. Initial

Final
pH Initial

Final
Alkalinity
Hardness
Conductivity
Chlorine

Conc:
Day

1 2 3 4 5 6 7 Remarks
Temp.
D.O. Initial

Final
pH Initial

Final
Alkalinity
Hardness
Conductivity
Chlorine

Figure 1. Data form for the fathead minnow, Pimephales promelas, embryo-larval survival and
teratogenicity test.  Routine chemical and physical determinations (CONTINUED)
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Discharger: Test Dates:

Location: Analyst:

Conc: Rep. Condition of Day
No. Embryo/larvae 1 2 3 4 5 6 7

Control

1 Live/dead
Terata

2 Live/dead
Terata

3 Live/dead
Terata

4 Live/dead
Terata

Treatment 1 Live/dead
Terata

2 Live/dead
Terata

3 Live/dead
Terata

4 Live/dead
Terata

Treatment 1 Live/dead
Terata

2 Live/dead
Terata

3 Live/dead
Terata

4 Live/dead
Terata

Treatment 1 Live/dead
Terata

2 Live/dead
Terata

3 Live/dead
Terata

4 Live/dead
Terata

Figure 2. Data form for the fathead minnow, Pimephales promelas, embryo-larval survival and
teratogenicity test.  Survival and terata data.
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Discharger: Test Dates:

Location: Analyst:

Conc: Rep. Condition of Day
No. Embryo/larvae 1 2 3 4 5 6 7

Treatment 1 Live/dead
Terata

2 Live/dead
Terata

3 Live/dead
Terata

4 Live/dead
Terata

Treatment 1 Live/dead
Terata

2 Live/dead
Terata

3 Live/dead
Terata

4 Live/dead
Terata

Comments:

Figure 2. Data form for the fathead minnow, Pimephales promelas, embryo-larval survival and
teratogenicity test.  Survival and terata data.
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12.10.9  TERMINATION OF THE TEST 

12.10.9.1  The test is terminated after seven days of exposure.  Count the number of surviving, dead, and deformed
larvae, and record the numbers of each (Figure 2).  The deformed larvae are treated as dead in the analysis of the
data.  Keep a separate record of the total number and percent of deformed larvae for use in reporting the
teratogenicity of the test solution.

12.10.9.2  Prepare a summary of the data as illustrated in Figure 3.

12.11  SUMMARY OF TEST CONDITIONS AND TEST ACCEPTABILITY CRITERIA

12.11.1  A summary of test conditions and test acceptability criteria is presented in Table 1.

12.12  ACCEPTABILITY OF TEST RESULTS

12.12.1  For the test results to be acceptable, survival in the controls must be at least 80%.
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Discharger: Test Dates:  

Location: Analyst:  

Treatment Control

No. dead
embryos and
larvae

No. terata

Total
mortality
(dead and
deformed)

Total
mortality
(%)

Terata (%)

Hatch (%)

Comments:

Figure 3.  Summary data for the fathead minnow, Pimephales promelas, embryo-larval survival and
teratogenicity test. 
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TABLE 1. SUMMARY OF TEST CONDITIONS AND TEST ACCEPTABILITY CRITERIA FOR FATHEAD
MINNOW, PIMEPHALES PROMELAS, EMBRYO-LARVAL SURVIVAL AND
TERATOGENICITY TOXICITY TESTS WITH EFFLUENTS AND RECEIVING WATERS

                                                                          

 1. Test type: Static renewal 
 

2. Temperature: 25 ± 1°C 
 

3. Light quality: Ambient laboratory illumination 
 

4. Light intensity: 10-20 µE/m /s or 50-100 ft-c (ambient laboratory levels) 2

 
5. Photoperiod: 16 h light, 8 h dark 

 
6. Test chamber size: 150 mL (Minimum) 

 
7. Test solution volume: 70 mL (Minimum) 

 
8. Renewal of test solutions: Daily 

 
9. Age of test organisms: Less than 36-h old embryos (Maximum of 48-h if shipped)

10. No. embryos per test chamber: 15 (minimum of 10) 

11. No. replicate test               
chambers per concentration: 4 (minimum of 3)

12. No. embryos per concentration: 60 (minimum of 30) 

13. Feeding regime: Feeding not required 

14. Aeration: None unless DO falls below 4.0 mg/L 

15. Dilution water: Uncontaminated source of receiving or other natural
water, synthetic water  prepared using MILLIPORE
MILLI-Q  or equivalent deionized water and reagent®

grade chemicals or DMW (see Section 7, Dilution Water). 
The hardness of the test solutions should equal or exceed  
25 mg/L (CaCO ) to ensure hatching success3
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 TABLE 1. SUMMARY OF TEST CONDITIONS AND TEST ACCEPTABILITY CRITERIA FOR
FATHEAD MINNOW, PIMEPHALES PROMELAS, EMBRYO-LARVAL SURVIVAL AND
TERATOGENICITY TOXICITY TESTS WITH EFFLUENTS AND RECEIVING WATERS
(CONTINUED)

                                                                           

16. Test concentrations: Effluents:  Minimum of 5 and a control Receiving waters:
100% receiving water or minimum of 5 and a control

17. Dilution factor: Effluents:  ≥ 0.5 
Receiving waters:  None, or ≥ 0.5

18. Test duration: 7 days

19. Endpoint: Combined mortality (dead and deformed organisms)

20. Test acceptability criteria: 80% or greater survival in controls 

21. Sampling requirements: For on-site tests, samples collected daily and used within 24
h of the time  they are removed from the sampling device.
For off-site tests a minimum of three samples collected on
days one, three, and five with a maximum holding  time of
36 h before first use (see Section 8, Effluent and Receiving
Water Sampling, Sample Handling, and Sample Preparation
for Toxicity Tests, and Subsection 8.5.4)

22. Sample volume required: 1.5 to 2.5 L/day depending on the volume of test solutions
used
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12.13  DATA ANALYSIS

12.13.1  GENERAL

12.13.1.1  Tabulate and summarize the data (Figure 3).

12.13.1.2  The endpoints of this toxicity test are based on total mortality, combined number of dead embryos, and
dead and deformed larvae.  The EC1 is calculated using Probit Analysis (Finney, 1971; see Appendix I).  Separate
analyses are performed for the estimation of LOEC and NOEC endpoints and for the estimation of the EC1 endpoint.
Concentrations at which there is no survival in any of the test chambers are excluded from the statistical analysis
of the NOEC and LOEC, but included in the estimation of the EC1 endpoint.  See the Appendices for examples of
the manual computations and examples of data input and output for the computer programs.

12.13.1.3  The statistical tests described here must be used with a knowledge of the assumptions upon which the tests
are contingent.  The assistance of a statistician is recommended for analysts who are not proficient in statistics.
 
12.13.2 EXAMPLE OF ANALYSIS OF FATHEAD MINNOW EMBRYO-LARVAL SURVIVAL AND

TERATOGENICITY DATA

12.13.2.1  Formal statistical analysis of the total mortality data is outlined on the flowchart in Figure 4.  The
response used in the analysis is the total mortality proportion in each test or control chamber.  Separate analyses are
performed for the estimation of the NOEC and LOEC endpoints and for the estimation of the EC endpoint.
Concentrations at which there is 100% total mortality in all of the test chambers are excluded from statistical analysis
of the NOEC and LOEC, but included in the estimation of the EC1 endpoint.

12.13.2.2  For the case of equal numbers of replicates across all concentrations and the control, the evaluation of
the NOEC and LOEC endpoints is made via a parametric test, Dunnett's Procedure, or a nonparametric test, Steel's
Many-one Rank Test, on the arc sine square root transformed data.  Underlying assumptions of Dunnett's Procedure,
normality and homogeneity of variance, are formally tested.  The test for normality is the Shapiro-Wilk's Test, and
Bartlett's Test is used to test for homogeneity of variance.  If either of these tests fails, the nonparametric test, Steel's
Many-one Rank Test, is used to determine the NOEC and LOEC endpoints.  If the assumptions of Dunnett's
Procedure are met, the endpoints are estimated by the parametric procedure.

12.13.2.3  If unequal numbers of replicates occur among the concentration levels tested, there are parametric and
nonparametric alternative analyses.  The parametric analysis is a t test with the Bonferroni adjustment (see Appendix
D).  The Wilcoxon Rank Sum Test with the Bonferroni adjustment is the nonparametric alternative (see Appendix
F).

12.13.2.4  Probit Analysis (Finney, 1971) is used to estimate the concentration that causes a specified percent
decrease in survival from the control.  In this analysis, the total mortality data from all test replicates at a given
concentration are combined.
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Figure 4. Flowchart for statistical analysis of fathead minnow, Pimephales promelas, embryo-larval data. 
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12.13.2.5  The data for this example are listed in Table 2.  Total mortality, expressed as a proportion (combined total
number of dead embryos, dead larvae and deformed larvae divided by the number of embryos at start of test), is the
response of interest.  The total mortality proportion in each replicate must first be transformed by the arc sine square
root transformation procedure described in Appendix B.  The raw and transformed data, means and variances of the
transformed observations at each effluent concentration and control are listed in Table 3.   A plot of the data is
provided in Figure 5.  Since there is 100% total mortality in replicates for the 50.0% concentration, it is not included
in this statistical analysis and is considered a qualitative mortality effect.

    TABLE 2. DATA FROM FATHEAD MINNOW, PIMEPHALES PROMELAS, EMBRYO-LARVAL
TOXICITY TEST WITH GROUND WATER EFFLUENT

Effluent No. Dead at Test Deformed at Test Dead + Deformed
Conc. Eggs at Termination Termination at Termination
(%) Start No. % No. % No. %

Control 10 0 0 0 0 0 0
10 2 20 0 0 2 20

    10 0 0 0 0 0 0
       10 1 10 0 0 1 10

3.125 10 0 0 0 0 0 0
10 0 0 1 10 1 10
10 0 0 0 0 0 0
10 1 10 0 0 1 10

6.25 10 0 0 0 0 0 0
        10 0 0 0 0 0 0
      10 0 0 0 0 0 0
      10 0 0 1 10 1 10

12.5 10 0 0 0 0 0 0
10 0 0 0 0 0 0
10 0 0 0 0 0 0

        10 1 10 0 0 1 10

25.0 10 1 10 9 90 10 100
     10 2 20 8 80 10 100
     10 2 20 8 80 10 100
     10 1 10 4 40  5 50

50.0 10 4 40 6 60 10 100
    10 3 30 7 70 10 100
    10 5 50 5 50 10 100
    10 3 30 7 70 10 100
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Figure 5. Plot of fathead minnow, Pimephales promelas, total mortality data from the embryo-larval test.
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  TABLE 3. FATHEAD MINNOW, PIMEPHALES PROMELAS, EMBRYO-LARVAL TOTAL
MORTALITY DATA 

Effluent Concentration (%)
Replicate Control 3.125 6.25 12.5 25.0 50.0

 RAW A 0.00 0.00 0.00 0.00 1.00 1.00
B 0.20 0.10 0.00 0.00 1.00 1.00
C 0.00 0.00 0.00 0.00 1.00 1.00
D 0.10 0.10 0.10 0.10 0.50 1.00

 ARC SINE A 0.159 0.159 0.159 0.159 1.412 -
 TRANS- B 0.464 0.322 0.159 0.159 1.412 -
 FORMED C 0.159 0.159 0.159 0.159 1.412 -

D 0.322 0.322 0.322 0.322 0.785 -

Mean( ) 0.276 0.241 0.200 0.200 1.255
0.022 0.009 0.007 0.007 0.098

i 1 2 3 4 5

12.13.2.6  Test for Normality 

12.13.2.6.1  The first step of the test for normality is to center the observations by subtracting the mean of all
observations within a concentration from each observation in that concentration.  The centered observations are
summarized in Table 4.

TABLE 4.  CENTERED OBSERVATIONS FOR SHAPIRO-WILK'S EXAMPLE 
  

Effluent Concentration (%)

Replicate Control 3.125 6.25 12.5 25.0 50.0

A -0.117 -0.082 -0.041 -0.041 0.157 - 
B 0.188 0.081 -0.041 -0.041 0.157 - 
C -0.117 0.081 -0.041 -0.041 0.157 - 
D 0.046 -0.082 0.122 0.122 -0.470 - 

12.13.2.6.2  Calculate the denominator, D, of the statistic:
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          Where: X = the ith centered observationi

= the overall mean of the centered observations

n = the total number of centered observations

12.13.2.6.3  For this set of data, n = 20

D = 0.4261

12.13.2.6.4  Order the centered observations from smallest to largest

                X  ≤ X  ≤ ... ≤ X(1) (2) (n)

where X  denotes the ith ordered observation.  The ordered observations for this example are listed in Table 5.(i)

TABLE 5.  ORDERED CENTERED OBSERVATIONS FOR THE SHAPIRO-WILK'S EXAMPLE

i X i X(i) (i)

1 -0.470 11 -0.041
2 -0.117 12 0.046
3 -0.117 13 0.081
4 -0.082 14 0.081
5 -0.082 15 0.122
6 -0.041 16 0.122
7 -0.041 17 0.157
8 -0.041 18 0.157
9 -0.041 19 0.157

10 -0.041 20 0.188

12.13.2.6.5  From Table 4, Appendix B, for the number of observations, n, obtain the coefficients a , a , ..., a  where1 2 k

k is n/2 if n is even and (n-1)/2 if n is odd.  For the data in this example, n = 20 and k = 10.  The a  values are listedi

in Table 6.
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TABLE 6.  COEFFICIENTS AND DIFFERENCES FOR THE SHAPIRO-WILK'S EXAMPLE  

i a X  - Xi
(n-i+1) (i)

1 0.4734 0.658 X  - X(20) (1)

2 0.3211 0.274 X  - X(19) (2)

3 0.2565 0.274 X  - X(18) (3)

4 0.2085 0.239 X  - X(17) (4)

5 0.1686 0.204 X  - X(16) (5)

6 0.1334 0.163 X  - X(15) (6)

7 0.1013 0.122 X  - X(14) (7)

8 0.0711 0.122 X  - X(13) (8)

9 0.0422 0.087 X  - X(12) (9)

10 0.0140 0.000 X  - X(11) (10)

12.13.2.6.6  Compute the test statistic, W, as follows:

The differences X  - X  are listed in Table 6.  For the data in this example,(n-i+1) (i)

= 0.846

12.13.2.6.7  The decision rule for this test is to compare W as calculated in Section 13.2.6.6 to a critical value found
in Table 6, Appendix B.  If the computed W is less than the critical value, conclude that the data are not normally
distributed.  For the data in this example, the critical value at a significance level of 0.01 and n = 20 observations
is 0.868.  Since W = 0.846 is less than the critical value, conclude that the data are not normally distributed.

12.13.2.6.8  Since the data do not meet the assumption of normality, Steel's Many-one Rank Test will be used to
analyze the total mortality data.

12.13.2.7  Steel's Many-one Rank Test 

12.13.2.7.1  For each control and concentration combination, combine the data and arrange the observations in order
of size from smallest to largest.  Assign the ranks (1, 2, ..., 8) to the ordered observations with a rank of 1 assigned
to the smallest observation, rank of 2 assigned to the next larger observation, etc.  If ties occur when ranking, assign
the average rank to each tied observation.

12.13.2.7.2  An example of assigning ranks to the combined data for the control and 3.125% effluent concentration
is given in Table 7.  This ranking procedure is repeated for each control/concentration combination.  The complete
set of rankings is summarized in Table 8.  The control group ranks are next summed for each effluent concentration
pairing, as shown in Table 9. 
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TABLE 7. ASSIGNING RANKS TO THE CONTROL AND 3.125% EFFLUENT CONCENTRATION FOR
STEEL'S MANY-ONE RANK TEST

Transformed Effluent
Rank Proportion Concentration

Mortality (%)

2.5 0.159 Control
2.5 0.159 Control
2.5 0.159 3.125
2.5 0.159 3.125
6 0.322 Control
6 0.322 3.125
6 0.322 3.125
8 0.464 Control

TABLE 8.  TABLE OF RANKS FOR STEEL'S MANY-ONE RANK TEST

Effluent Concentration (%)

Repl. Control 3.125 6.25 12.5 25.0 

A 0.159 (2.5,3,3,1.5) 0.159 (2.5) 0.159 (3) 0.159 (3) 1.412 (7)
B 0.464 (8,8,8,4) 0.322 (6) 0.159 (3) 0.159 (3) 1.412 (7)
C 0.159 (2.5,3,3,1.5) 0.159 (2.5) 0.159 (3) 0.159 (3) 1.412 (7)
D 0.322 (6,6.5,6.5,3) 0.322 (6) 0.322 (3) 0.159 (3) 0.785 (5)

TABLE 9.  RANK SUMS

Effluent Control
Concentration (%) Rank Sum

3.125 19
6.25 20.5

12.5 20.5
25.0 10

12.13.2.7.3  For this example, we want to determine if the total mortality in any of the effluent concentrations is
significantly higher than the total mortality in the control.  If this occurs, the rank sum of the control would be
significantly less than the rank sum at that concentration.  Thus we are only concerned with comparing the control
rank sum for each pairing with the various effluent concentrations with some "minimum" or critical rank sum, at or
below which the concentration total mortality would be considered significantly greater than the control.  At a
signficance level of 0.05, the minimum rank sum in a test with four concentrations (excluding the control) and four
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replicates per concentration is 10 (see Table 5, Appendix E).

12.13.2.7.4  Since the control rank sum for the 25.0% effluent concentration pairing is equal to the critical value,
the total proportion mortality in the 25.0% concentration is considered significantly greater than that in the control.
Since no other rank sums are less than or equal to the critical value, no other concentrations have signficantly higher
total proportion mortality than the control.  Hence the NOEC is 12.5% and the LOEC is 25.0%. 

12.13.2.8  Calculation of the LC50

12.13.2.8.1  The data used for the Probit Analysis is summarized in Table 10.  To perform the Probit Analysis, run
the USEPA Probit Analysis Program.  An example of the program input and output is supplied in Appendix I.

12.13.2.8.2  For this example, the chi-square test for heterogeneity was not significant.  Thus Probit Analysis appears
appropriate for this data. 

12.13.2.8.3  Figure 6 shows the output data for the Probit Analysis of the data from Table 10 using the USEPA
Probit Program. 

TABLE 10.  DATA FOR PROBIT ANALYSIS  
 

Effluent Concentration (%)
 

Control 3.125 6.25 12.5 25.0 50.0

Number Dead 3 1 0 1 6 15
Number Exposed 40 40 40 40 40 40

12.14  PRECISION AND ACCURACY

12.14.1  PRECISION 

12.14.1.1  Single-laboratory Precision

12.14.1.1.1  Data shown in Tables 11 and 12 indicate that the precision of the embryo-larval survival and
teratogenicity test, expressed as the relative standard deviation (or coefficient of variation, CV) of the LC1 values,
was 62% for cadmium (Table 11) and 41% for Diquat (Table 12).

12.14.1.1.2  Precision data are also available from four embryo-larval survival and teratogenicity tests on trickling
filter pilot plant effluent (Table 13).  Although the data could not be analyzed by Probit Analysis, the NOECs and
LOECs obtained using Dunnett's Procedure were the same for all four tests, 7% and 11% effluent, respectively,
indicating maximum precision in terms of the test design. 

12.14.1.2  Multilaboratory Precision

12.14.1.2.1  Data on the multilaboratory precision of this test are not yet available.

12.14.2  ACCURACY

12.14.2.1  The accuracy of toxicity tests cannot be determined.
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USEPA PROBIT ANALYSIS PROGRAM
USED FOR CALCULATING LC/EC VALUES

Version 1.5

Probit Analysis of Fathead Minnow Embryo-Larval Survival
and Teratogenicity Data

                                                             Proportion
                                              Observed       Responding
                      Number     Number     Proportion     Adjusted for
       Conc.         Exposed     Resp.      Responding        Controls

      Control           20          2         0.1000           0.0000
       0.5000           20          2         0.1000           0.0174
       1.0000           20          1         0.0500           -.0372
       2.0000           20          4         0.2000           0.1265
       4.0000           20         16         0.8000           0.7816
       8.0000           20         20         1.0000           1.0000

Chi - Square for Heterogeneity (calculated)     =   0.441
Chi - Square for Heterogeneity (tabular value)  =  7.815

Probit Analysis of Fathead Minnow Embryo-Larval Survival
and Teratogenicity Data

      Estimated LC/EC Values and Confidence Limits

                   Exposure          Lower           Upper
Point               Conc.            95% Confidence Limits

LC/EC  1.00         1.346            0.453           1.922
LC/EC 50.00         3.018            2.268           3.672

Figure 6.  Output for USEPA Probit Program, Version 1.5.
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      TABLE 11. PRECISION OF THE FATHEAD MINNOW, PIMEPHALES PROMELAS,               
EMBRYO-LARVAL SURVIVAL AND TERATOGENICITY TEST, USING CADMIUM AS
A REFERENCE TOXICANT  1,2

Test LC1 95% Confidence NOEC3 4

(mg/L) Limits (mg/L)

1 0.014 0.009 - 0.018 0.012

2 0.006 0.003 - 0.010 0.012

3 0.005 0.003 - 0.009 0.013

4 0.003 0.002 - 0.004 0.011

5 0.006 0.003 - 0.009 0.012

N 5 5 
Mean 0.0068 NA
SD 0.0042                               
CV(%) 62 NA

                                                                       
 

Tests conducted by Drs. Wesley Birge and Jeffrey Black, University of Kentucky, Lexington, under a1

cooperative agreement with the Bioassessment and Ecotoxicology Branch, EMSL, USEPA,
Cincinnati, OH.

cant.  The nominal concentrations, expressed asCadmium chloride was used as the reference toxi2

cadmium (mg/L), were: 0.01, 0.032, 0.100, 0.320, and 1.000.  The dilution water was reconstituted
water with a hardness of 100 mg/L as calcium carbonate, and a pH of 7.8.

robit Analysis.Determined by P3

mined by independent statistical analysis (2X2Highest no-observed-effect concentration deter4

Chi-square Fisher's Exact Test).  NOEC range of 0.011 - 0.013 represents a difference of one
exposure concentration.



126

        TABLE 12. PRECISION OF THE FATHEAD MINNOW, PIMEPHALES PROMELAS,
EMBRYO-LARVAL, SURVIVAL AND TERATOGENICITY TOXICITY TEST,
USING DIQUAT AS A REFERENCE TOXICANT1,2

                  Test             LC1               95% Confidence3

                                   (mg/L)                 Limits

 
1 0.58 0.32 - 0.86

 
2 2.31 --4

 
3 1.50 1.05 - 1.87

 
4 1.71 1.24 - 2.09

 
5 1.43 0.93 - 1.83

 
N 5
Mean 1.51 
SD 0.62 
CV(%) 41.3 

 
Tests conducted by Drs. Wesley Birge and Jeffrey Black, University of Kentucky, Lexington,1

under a cooperative agreement with the Bioassessment and Ecotoxicology Branch, EMSL,
USEPA, Cincinnati, OH.
The Diquat concentrations were determined by chemical analysis.  The dilution water was2

reconstituted water with a hardness of 100 mg/L as calcium carbonate, and a pH of 7.8.
Determined by Probit Analysis.3

Cannot be calculated.4
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     TABLE 13. PRECISION OF THE FATHEAD MINNOW, PIMEPHALES PROMELAS,
EMBRYO-LARVAL SURVIVAL AND TERATOGENICITY STATIC-RENEWAL TEST
CONDUCTED WITH TRICKLING FILTER EFFLUENT1,2,3

Test NOEC LOEC
No. (% Effluent) (% Effluent)

1 7 11

2 7 11

3 7 11

4 7 11

Data provided by Timothy Neiheisel, Bioassessment and Ecotoxiology Branch, EMSL, USEPA, Cincinnati,1

OH.
Effluent concentrations used: 3, 5, 7, 11 and 16%2

Maximum precision achieved in terms of NOEC-LOEC interval.  For a discusssion of the precision of data3

from chronic toxicity tests (see Section 4, Quality Assurance).
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SECTION 13

TEST METHOD

DAPHNID, CERIODAPHNIA DUBIA,
SURVIVAL AND REPRODUCTION TEST

METHOD 1002.0

13.1  SCOPE AND APPLICATION

13.1.1  This method measures the chronic toxicity of effluents and receiving water to the daphnid, Ceriodaphnia
dubia, using less than 24 h old neonates during a three-brood (seven-day), static renewal test.  The effects
include the synergistic, antagonistic, and additive effects of all the chemical, physical, and biological components
which adversely affect the physiological and biochemical functions of the test organisms.

13.1.2  Daily observations on mortality make it possible to also calculate acute toxicity for desired exposure
periods (i.e., 24-h, 48-h, and 96-h LC50s). 
 
13.1.3  Detection limits of the toxicity of an effluent or pure substance are organism dependent. 

13.1.4  Brief excursions in toxicity may not be detected using 24-h composite samples.  Also, because of the
long sample collection period involved in composite sampling, and because the test chambers are not sealed,
highly degradable or highly volatile toxicants in the source may not be detected in the test. 
 
13.1.5  This test method is commonly used in one of two forms: (1) a definitive test, consisting of a minimum of
five effluent concentrations and a control, and (2) a receiving water test(s), consisting of one or more receiving
water concentrations and a control. 

13.2  SUMMARY OF METHOD

13.2.1  Ceriodaphnia dubia are exposed in a static renewal system to different concentrations of effluent, or to
receiving water, until 60% of surviving control organisms have three broods of offspring.  Test results are based
on survival and reproduction.  If the test is conducted as described, the surviving control organisms should
produce 15 or more young in three broods.  If these criteria are not met at the end of 8 days, the test must be
repeated. 

13.3  INTERFERENCES 

13.3.1  Toxic substances may be introduced by contaminants in dilution water, glassware, sample hardware, and
testing equipment (see Section 5, Facilities, Equipment, and Supplies).

13.3.2  Improper effluent sampling and handling may adversely affect test results (see Section 8, Effluent and
Receiving Water Sampling, Sample Handling, and Sample Preparation for Toxicity Tests). 

13.3.3  Pathogenic and/or predatory organisms in the dilution water and effluent may affect test organism
survival and confound test results.

13.3.4  The amount and type of natural food in the effluent or dilution water may confound test results.

13.3.5  Food added during the test may sequester metals and other toxic substances and confound test results. 
Daily renewal of solutions, however, will reduce the probability of reduction of toxicity caused by feeding.
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13.4  SAFETY

13.4.1  See Section 3, Health and Safety. 

13.5  APPARATUS AND EQUIPMENT 

13.5.1  Ceriodaphnia and algal culture units -- See Ceriodaphnia and algal culturing methods below and algal
culturing methods in Section 14 and USEPA, 1993b. 
 
13.5.2  Samplers -- automatic sampler, preferably with sample cooling capability, capable of collecting a 24-h
composite sample of 5 L or more.

13.5.3  Sample containers -- for sample shipment and storage (see Section 8, Effluent and Receiving Water
Sampling, Sample Handling, and Sample Preparation for Toxicity Tests).

13.5.4  Environmental chambers, incubators, or equivalent facilities with temperature control (25 ± 1°C).

13.5.5  Water purification system -- MILLIPORE MILLI-Q , deionized water or equivalent (see Section 5,®

Facilities, Equipment, and Supplies).

13.5.6  Balance -- analytical, capable of accurately weighing 0.00001 g.

13.5.7  Reference weights, Class S -- for checking performance of balance.  Weights should bracket the expected
weights of the material to be weighed.
 
13.5.8  Test chambers -- 10 test chambers are required for each concentration and control.  Test chambers such
as 30-mL borosilicate glass beakers or disposable polystyrene cups are recommended because they will fit in the
viewing field of most stereoscopic microscopes.  The glass beakers and plastic cups are rinsed thoroughly with
dilution water before use.  To avoid potential contamination from the air and excessive evaporation of the test
solutions during the test, the test vessels should be covered with safety glass plates or sheet plastic (6 mm thick).

13.5.9  Mechanical shaker or magnetic stir plates -- for algal cultures. 

13.5.10  Light meter -- with a range of 0-200 µE/m /s (0-1000 ft-c). 2

13.5.11  Fluorometer (optional) -- equipped with chlorophyll detection light source, filters, and photomultiplier
tube (Turner Model 110 or equivalent).

13.5.12  UV-VIS spectrophotometer (optional) -- capable of accommodating 1-5 cm cuvettes. 

13.5.13  Cuvettes for spectrophotometer -- 1-5 cm light path.
 
13.5.14  Electronic particle counter (optional) --  Coulter Counter, ZBI, or equivalent, with mean cell (particle)
volume determination. 

13.5.15  Microscope with 10X, 45X, and 100X objective lenses, 10X ocular lenses, mechanical stage, substage
condensor, and light source (inverted or conventional microscope) -- for determining sex and verifying
identification.

13.5.16  Dissecting microscope, stereoscopic, with zoom objective, magnification to 50X -- for examining and
counting the neonates in the test vessels.
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13.5.17  Counting chamber -- Sedgwick-Rafter, Palmer-Maloney, or hemocytometer.

13.5.18  Centrifuge (optional) -- plankton, or with swing-out buckets having a capacity of 15-100 mL.

13.5.19  Centrifuge tubes -- 15-100 mL, screw-cap. 

13.5.20  Filtering apparatus -- for membrane and/or glass fiber filters. 

13.5.21  Racks (boards) -- to hold test chambers.  It is convenient to use a piece of styrofoam insulation board,
50 cm x 30 cm x 2.5 cm (20 in x 12 in x 1 in), drilled to hold 60 test chambers, in six rows of 10 (see
Figure 1). 

13.5.22  Light box -- for illuminating organisms during examination. 

13.5.23  Volumetric flasks and graduated cylinders -- class A, borosilicate glass or non-toxic plastic labware,
10-1000 mL, for culture work and preparation of test solutions.

13.5.24  Pipettors, adjustable volume repeating dispensers -- for feeding.  Pipettors such as the Gilson
REPETMAN , Eppendorf, Oxford, or equivalent, provide a rapid and accurate means of dispensing small®

volumes (0.1 mL) of food to large numbers of test chambers.

13.5.25  Volumetric pipets -- class A, 1-100 mL. 

13.5.26  Serological pipets -- 1-10 mL, graduated.

13.5.27  Pipet bulbs and fillers -- PROPIPET , or equivalent. ®

13.5.28  Disposable polyethylene pipets, droppers, and glass tubing with fire-polished edges, ≥ 2mm ID -- for
transferring organisms. 

13.5.29  Wash bottles -- for rinsing small glassware and instrument electrodes and probes. 

13.5.30  Thermometer, glass or electronic, laboratory grade, -- for measuring water temperatures. 

13.5.31  Bulb-thermograph or electronic-chart type thermometers -- for continuously recording temperature. 

13.5.32  Thermometer, National Bureau of Standards Certified (see USEPA Method 170.1, USEPA 1979b) -- to
calibrate laboratory thermometers.

13.5.33  Meters, DO, pH, and specific conductivity -- for routine physical and chemical measurements.

13.6  REAGENTS AND CONSUMABLE MATERIALS 

13.6.1  Sample containers -- for sample shipment and storage (see Section 8, Effluent and Receiving Water
Sampling, Sample Handling, and Sample Preparation for Toxicity Tests).

13.6.2  Data sheets (one set per test) -- for recording the data.

13.6.3  Vials, marked -- for preserving specimens for verification (optional).

13.6.4  Tape, colored -- for labeling test vessels.
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13.6.5  Markers, waterproof -- for marking containers.

13.6.6  Reagents for hardness and alkalinity tests -- see USEPA Methods 130.2 and 310.1, USEPA, 1979b. 

13.6.7  Buffers, pH 4, pH 7, and pH 10 (or as per instructions of instrument manufacturer) -- for instrument
calibration check (see USEPA Method 150.1, USEPA, 1979b). 

13.6.8  Specific conductivity standards -- see USEPA Method 120.1, USEPA, 1979b.

13.6.9  Membranes and filling solutions for DO probe (see USEPA Method 360.1, USEPA, 1979b), or reagents -
- for modified Winkler analysis.

13.6.10  Laboratory quality control samples and standards -- for calibration of the above methods.  

13.6.11  Reference toxicant solutions -- see Section 4, Quality Assurance.

13.6.12  Reagent water -- defined as distilled or deionized water that does not contain substances which are toxic
to the test organisms (see Section 5, Facilities, Equipment, and Supplies).

13.6.13  Effluent, surface water, and dilution water -- see Section 7, Dilution Water; and Section 8, Effluent and
Receiving Water Sampling, Sample Handling, and Sample Preparation for Toxicity Tests.

13.6.14  Trout chow, yeast, and CEROPHYL  food (or substitute food) -- for feeding the cultures and test®

organisms.

13.6.14.1  Digested trout chow, or substitute flake food (TETRAMIN , BIORIL , or equivalent), is prepared as® ®

follows: 

1. Preparation of trout chow or substitute flake food requires one week.  Use starter or No. 1 pellets
prepared according to current U.S. Fish and Wildlife Service specifications.  Suppliers of trout chow
include Zeigler Bros., Inc., P.O. Box 95, Gardners, PA, 17324 (717-780-9009); Glencoe Mills, 1011
Elliott, Glencoe, MN, 55336 (612-864-3181); and Murray Elevators, 118 West 4800 South, Murray, UT
84107 (800-521-9092).

2. Add 5.0 g of trout chow pellets or substitute flake food to 1 L of  MILLI-Q  water.  Mix well in a®

blender and pour into a 2-L separatory funnel.  Digest prior to use by aerating continuously from the
bottom of the vessel for one week at ambient laboratory temperature.  Water lost due to evaporation is
replaced during digestion.  Because of the offensive odor usually produced during digestion, the vessel
should be placed in a fume hood or other isolated, ventilated area.

3. At the end of digestion period, place in a refrigerator and allow to settle for a minimum of 1 h.  Filter
the supernatant through a fine mesh screen (i.e., NITEX  110 mesh).  Combine with equal volumes of®

supernatant from CEROPHYLL  and yeast preparations (below).  The supernatant can be used fresh, or®

frozen until use.  Discard the sediment.

13.6.14.2  Yeast is prepared as follows: 

1. Add 5.0 g of dry yeast, such as FLEISCHMANN'S  Yeast, Lake State Kosher Certified Yeast, or®

equivalent, to 1 L of MILLI-Q  water.®

2. Stir with a magnetic stirrer, shake vigorously by hand, or mix with a blender at low speed, until the
yeast is well dispersed.

3. Combine the yeast suspension immediately (do not allow to settle) with equal volumes of supernatant
from the trout chow (above) and CEROPHYLL  preparations (below).  Discard excess material. ®
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13.6.14.3  CEROPHYLL  is prepared as follows: ®

1. Place 5.0 g of dried, powdered, cereal or alfalfa leaves, or rabbit pellets, in a blender.  Cereal leaves are
available as "CEREAL LEAVES," from Sigma Chemical Company, P.O. Box 14508, St. Louis, MO
63178; 800-325-3010; or as CEROPHYLL , from Ward's Natural Science Establishment, Inc., P.O. Box®

92912, Rochester, NY 14692-9012; 716-359-2502.  Dried, powdered, alfalfa leaves may be obtained
from health food stores, and rabbit pellets are available at pet shops.

2. Add 1 L of MILLI-Q  water. ®

3. Mix in a blender at high speed for 5 min, or stir overnight at medium speed on a magnetic stir plate.
4. If a blender is used to suspend the material, place in a refrigerator overnight to settle.  If a magnetic

stirrer is used, allow to settle for 1 h.  Decant the supernatant and combine with equal volumes of
supernatant from trout chow and yeast preparations (above).  Discard excess material.

13.6.14.4  Combined yeast-cerophyl-trout chow (YCT) is mixed as follows: 

1. Thoroughly mix equal (approximately 300 mL) volumes of the three foods as described above.
2. Place aliquots of the mixture in small (50 mL to 100 mL) screw-cap  plastic bottles and freeze until

needed.
3. Freshly prepared food can be used immediately, or it can be frozen until needed.  Thawed food is stored

in the refrigerator between feedings, and is used for a maximum of two weeks.  Do not store frozen
over three months.

4. It is advisable to measure the dry weight of solids in each batch of YCT before use.  The food should
contain 1.7-1.9 g solids/L.  Cultures or test solutions should contain 12-13 mg solids/L.

13.6.15  Algal food -- for feeding the cultures and test organisms.

13.6.15.1  Algal Culture Medium is prepared as follows: 
1. Prepare (five) stock nutrient solutions using reagent grade chemicals as described in Table 1.
2. Add 1 mL of each stock solution, in the order listed in Table 1, to approximately 900 mL of MILLI-Q®

water.  Mix well after the addition of each solution.  Dilute to 1 L, mix well.  The final concentration of
macronutrients and micronutrients in the culture medium is given in Table 2.

3. Immediately filter the medium through a 0.45 µm pore diameter membrane at a vacuum of not more
than 380 mm (15 in.) mercury, or at a pressure of not more than one-half atmosphere (8 psi).  Wash the
filter with 500 mL deionized water prior to use.

4. If the filtration is carried out with sterile apparatus, filtered medium can be used immediately, and no
further sterilization steps are required before the inoculation of the medium.  The medium can also be
sterilized by autoclaving after it is placed in the culture vessels.

5. Unused sterile medium should not be stored more than one week prior to use, because there may be
substantial loss of water by evaporation. 



133

TABLE 1.  NUTRIENT STOCK SOLUTIONS FOR MAINTAINING ALGAL STOCK CULTURES  

STOCK COMPOUND AMOUNT DISSOLVED IN
SOLUTION 500 mL MILLI-Q  WATER®

1. MACRONUTRIENTS

A. MgCl @6H O 6.08 g2 2

CaCl @2H O 2.20 g2 2

NaNO 12.75 g3

B. MgSO @7H O 7.35 g4 2

C. K HPO 0.522 g2 4

D. NaHCO 7.50 g3

2. MICRONUTRIENTS

H BO 92.8 mg3 3

MnCl 4H O 208.0 mg2@ 2

ZnCl 1.64 mg2
1

FeCl @6H O 79.9 mg3 2

CoCl @6H O 0.714 mg2 2
2

Na MoO @2H O 3.63 mg2 4 2
3

CuCl @2H O 0.006 mg2 2
4

Na EDTA@2H O 150.0 mg2 2

Na SeO 1.196 mg2 4
5

ZnCl  - Weigh out 164 mg and dilute to 100 mL.  Add 1 mL of this solution to Stock 2,1
2

micronutrients.
CoCl @6H O - Weigh out 71.4 mg and dilute to 100 mL.  Add 1 mL of this solution to2

2 2

Stock 2, micronutrients.
Na MoO @2H O - Weigh out 36.6 mg and dilute to 10 mL.  Add 1 mL of this solution to3

2 4 2

Stock 2, micronutrients.
CuCl @2H O - Weigh out 60.0 mg and dilute to 1000 mL.  Take 1 mL of this solution and4

2 2

dilute to 10 mL.  Take 1 mL of the second dilution and add to Stock 2, micronutrients.
Na SeO  - Weigh out 119.6 mg and dilute to 100 mL.  Add 1 mL of this solution to5

2 4

Stock 2, micronutrients.
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    TABLE 2. FINAL CONCENTRATION OF MACRONUTRIENTS AND MICRONUTRIENTS IN THE
CULTURE MEDIUM

MACRONUTRIENT CONCENTRATION ELEMENT CONCENTRATION
(mg/L) (mg/L)   

NaNO 25.5 N 4.20 3

 
MgCl @6H O        12.2 Mg 2.90 2 2

 
CaCl @2H O 4.41 Ca 1.20 2 2

 
MgSO @7H O 14.7 S 1.91 4 2

 
K HPO              1.04 P 0.186 2 4

 
NaHCO          15.0 Na 11.0 3

 
                                  K 0.469 
 
                        C 2.14 
 

MICRONUTRIENT CONCENTRATION ELEMENT CONCENTRATION
(µg/L) (µg/L)   

 
H BO 185.0 B 32.5 3 3

 
MnCl @4H O         416.0 Mn 115.02 2

ZnCl 3.27 Zn 1.57 2

 
CoCl @6H O        1.43 Co 0.3542 2

CuCl @2H O 0.012 Cu 0.004 2 2

 
Na MoO @2H O 7.26        Mo 2.88 2 4 2

 
FeCl @6H O 160.0 Fe 33.1 3 2

 
Na EDTA@2H O  300.0  --        ----2 2

Na SeO       2.39 Se 0.91 2 4
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13.6.15.2  Algal Cultures 

13.6.15.2.1  See Section 6, Test Organisms, for information on sources of "starter" cultures of Selenastrum
capricornutum, S. minutum, and Chlamydomonas reinhardti.

13.6.15.2.2  Two types of algal cultures are maintained: "stock" cultures, and "food" cultures.

13.6.15.2.2.1  Establishing and Maintaining Stock Cultures of Algae: 

1. Upon receipt of the "starter" culture (usually about 10 mL), a stock culture is initiated by aseptically
transferring one milliliter to each of several 250-mL culture flasks containing 100 mL algal culture
medium (prepared as described above).  The remainder of the starter culture can be held in reserve for
up to six months in a refrigerator (in the dark) at 4°C.

2. The stock cultures are used as a source of algae to initiate "food" cultures for Ceriodaphnia dubia
toxicity tests.  The volume of stock culture maintained at any one time will depend on the amount of
algal food required for the Ceriodaphnia dubia cultures and tests.  Stock culture volume may be rapidly
"scaled up" to several liters, if necessary, using 4-L serum bottles or similar vessels, each containing 3 L
of growth medium. 

3. Culture temperature is not critical.  Stock cultures may be maintained at 25°C in environmental
chambers with cultures of other organisms if the illumination is adequate (continuous "cool-white"
fluorescent lighting of approximately 86 ± 8.6 µE/m /s, or 400 ft-c). 2

4. Cultures are mixed twice daily by hand.
5. Stock cultures can be held in the refrigerator until used to start "food" cultures, or can be transferred to

new medium weekly.  One-to-three milliliters of 7-day old algal stock culture, containing approximately
1.5 X 10  cells/mL, are transferred to each 100 mL of fresh culture medium.  The inoculum should6

provide an initial cell density of approximately 10,000-30,000 cells/mL in the new stock cultures. 
Aseptic techniques should be used in maintaining the stock algal cultures, and care should be exercised
to avoid contamination by other microorganisms.

6. Stock cultures should be examined microscopically weekly, at transfer,  for microbial contamination. 
Reserve quantities of culture organisms can be maintained for 6-12 months if stored in the dark at 4°C. 
It is  advisable to prepare new stock cultures from "starter" cultures obtained  from established outside
sources of organisms (see Section 6, Test Organisms) every four to six months.

13.6.15.2.2.2  Establishing and Maintaining "Food" Cultures of Algae: 

1. "Food" cultures are started seven days prior to use for Ceriodaphnia dubia cultures and tests. 
Approximately 20 mL of 7-day-old algal stock culture (described in the previous paragraph), containing
1.5 X 10  cells/mL, are added to each liter of fresh algal culture medium (i.e., 3 L of medium in a 4-L6

bottle, or 18 L in a 20-L bottle).  The inoculum should provide an initial cell density of approximately
30,000 cells/mL.  Aseptic techniques should be used in preparing and maintaining the cultures, and care
should be exercised to avoid contamination by other microorganisms.  However, sterility of food
cultures is not as critical as in stock cultures because the food cultures are terminated in 7-10 days.  A
one-month supply of algal food can be grown at one time, and stored in the refrigerator.

2. Food cultures may be maintained at 25°C in environmental chambers with the algal stock cultures or
cultures of other organisms if the illumination is adequate (continuous "cool-white" fluorescent lighting
of approximately 86 ± 8.6 µE/m /s or 400 ft-c). 2

3. Cultures are mixed continuously on a magnetic stir plate (with a medium size stir bar) or in a
moderately aerated separatory funnel, or are mixed twice daily by hand.  If the cultures are placed on a
magnetic stir plate, heat generated by the stirrer might elevate the culture temperature several degrees. 
Caution should be exercised to prevent the culture temperature from rising more than 2-3°C.
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13.6.15.2.3  Preparing Algal Concentrate for Use as Ceriodaphnia dubia Food:

1. An algal concentrate containing 3.0 to 3.5 X 10  cells/mL is prepared from food cultures by centrifuging7

the algae with a plankton or bucket-type centrifuge, or by allowing the cultures to settle in a refrigerator
for at least three weeks and siphoning off the supernatant.

2. The cell density (cells/mL) in the concentrate is measured with an  electronic particle counter,
microscope and hemocytometer, fluorometer, or spectrophotometer (see Section 14, Green Alga,
Selenastrum capricornutum Growth Test), and used to determine the dilution (or further concentration)
required to achieve a final cell count of 3.0 to 3.5 X 10 /mL.7

3. Assuming a cell density of approximately 1.5 X 10  cells/mL in the  algal food cultures at 7 days, and6

100% recovery in the concentration process, a 3-L, 7-10 day culture will provide 4.5 X 10  algal cells. 9

This number of cells would provide approximately 150 mL of algal cell concentrate (1500 feedings at
0.1 mL/feeding) for use as food.  This would be enough algal food for four Ceriodaphnia dubia tests.

4. Algal concentrate may be stored in the refrigerator for one month.

13.6.15.3  Food Quality

13.6.15.3.1  USEPA recommends Fleishmann's  yeast, Cerophyll , trout chow, and Selenastrum capricornutum® ®

as the preferred Ceriodaphnia dubia food combination.  This recommendation is based on extensive data
developed by many laboratories which indicated high Ceriodaphnia dubia survival and reproduction in culturing
and testing.  The use of substitute food(s) is acceptable only after side-by-side tests are conducted to determine
that the quality of the substitute food(s) is equal to the USEPA recommended food combination based on
survival and reproduction of Ceriodaphnia dubia.

13.6.15.3.2  The quality of food prepared with newly acquired supplies of yeast, trout chow, dried cereal leaves,
algae, and/or any substitute food(s) should be determined in side-by-side comparisons of Ceriodaphnia dubia
survival and reproduction, using the new food and food of known, acceptable quality, over a seven-day period in
control medium. 

13.6.16  TEST ORGANISMS, DAPHNIDS, CERIODAPHNIA DUBIA

13.6.16.1  Cultures of test organisms should be started at least three weeks before the brood animals are needed,
to ensure an adequate supply of neonates for the test.  Only a few individuals are needed to start a culture
because of their prolific reproduction. 

13.6.16.2  Neonates used for toxicity tests must be obtained from individually cultured organisms.  Mass cultures
may be maintained, however, to serve as a reserve source of organisms for use in initiating individual cultures
and in case of loss of individual cultures.

13.6.16.3  Starter animals may be obtained from commercial sources and may be shipped in polyethylene bottles. 
Approximately 40 animals and 3 mL of food are placed in a l-L bottle filled full with culture water for shipment. 
Animals received from an outside source should be transferred to new culture media gradually over a period of
1-2 days to avoid mass mortality. 

13.6.16.4  It is best to start the cultures with one animal, which is sacrificed after producing young, mounted on
a microscope slide, and retained as a permanent slide mount to facilitate identification and permit future
reference.  The species identification of the stock culture should be verified by preparing slide mounts, regardless
of the number of animals used to start the culture.  The following procedure is recommended for making slide
mounts of Ceriodaphnia dubia (modified from Beckett and Lewis, 1982):

 1. Pipet the animal onto a watch glass.
 2. Reduce the water volume by withdrawing excess water with the pipet.



     CMCP-9, CMCP-10 and Acid Fuchsin are available from Polysciences, Inc., Paul Valley Industrial Park,
Warrington, PA, 18976, 215-343-6484.  Neonates from mass cultures are not to be used directly in
toxicity tests (see Subsection 13.10.2.3).
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 3. Add a few drops of carbonated water (club soda or seltzer water) or 70% ethanol to relax the specimen
so that the post-abdomen is extended.  (Optional:  with practice, extension of the postabdomen may be
accomplished by putting pressure on the cover slip).

 4. Place a small amount (one to three drops) of mounting medium on a glass microscope slide.  The
recommended mounting medium is CMCP-9/10 Medium , prepared by mixing two parts of CMCP-91

with one part of CMCP-10 stained with enough acid fuchsin dye to color the mixture a light pink.  For
more viscosity and faster drying, CMC-10 stained with acid fuchsin may be used.

 5. Using forceps or a pipet, transfer the animal to the drop of mounting medium on the microscope slide.
 6. Cover with a 12 mm round cover slip and exert minimum pressure to remove any air bubbles trapped

under the cover slip.  Slightly more pressure will extend the postabdomen. 
 7. Allow mounting medium to dry.
 8. Make slide permanent by placing varnish around the edges of the coverslip.
 9. Identify to species (see Pennak, 1978; Pennak, 1989; and Berner, 1986).
10. Label with waterproof ink or diamond pencil.
11. Store for permanent record.

13.6.16.5  Mass Culture

13.6.16.5.1  Mass cultures are used only as a "backup" reservoir of organisms. 

13.6.16.5.2  One-liter or 2-L glass beakers, crystallization dishes, "battery jars," or aquaria may be used as
culture vessels.  Vessels are commonly filled to three-fourths capacity.  Cultures are fed daily.  Four or more
cultures are maintained in separate vessels and with overlapping ages to serve as back-up in case one culture is
lost due to accident or other unanticipated problems, such as low DO concentrations or poor quality of food or
laboratory water.

13.6.16.5.3  Mass cultures which will serve as a source of brood organisms for individual culture should be
maintained in good condition by frequent renewal with new culture medium at least twice a week for two weeks. 
At each renewal, the adult survival is recorded, and the offspring and the old medium are discarded.  After two
weeks, the adults are also discarded, and the culture is  re-started with neonates in fresh medium.  Using this
schedule, 1-L cultures will produce 500 to 1000 neonate Ceriodaphnia dubia each week.

13.6.16.6  Individual Culture

13.6.16.6.1  Individual cultures are used as the immediate source of neonates for toxicity tests.

13.6.16.6.2  Individual organisms are cultured in 15 mL of culture medium in 30-mL (1 oz) plastic cups or
30-mL glass beakers.  One neonate is placed in each cup.  It is convenient to place the cups in the same type of
board used for toxicity tests (see Figure 1).
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Figure 1.  Examples of a test board and randomizing template: (1) test board with positions for six columns of
ten replicate test chambers, (2) randomizing template prepared by throwing a single die for each
position in each row across the board, and (3) test board placed on the template for the purpose of
assigning the position of treatment solutions (cups) within each row on the board. 
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13.6.16.6.3  Organisms are fed daily (see Subsection 13.6.16.9) and are transferred to fresh medium a minimum
of three times a week, typically on Monday, Wednesday, and Friday.  On the transfer days, food is added to the
new medium immediately before or after the organisms are transferred.

13.6.16.6.4  To provide cultures of overlapping ages, new boards are started weekly, using neonates from adults
which produce at least eight young in their third or fourth brood.  These adults can be used as sources of
neonates until 14 days of age.  A minimum of two boards are maintained concurrently to provide backup
supplies of organisms in case of problems.

13.6.16.6.5  Cultures which are properly maintained should produce at least 20 young per adult in three broods
(seven days or less).  Typically, 60 adult females (one board) will produce more than the minimum number of
neonates (120) required for two tests.

13.6.16.6.6  Records should be maintained on the survival of brood organisms and number of offspring at each
renewal.  Greater than 20% mortality of adults, or less than an average of 20 young per female would indicate
problems, such as poor quality of culture media or food.  Cultures that do not meet these criteria should not be
used as a source of test organisms.

13.6.16.7  Culture Medium 

13.6.16.7.1  Moderately hard synthetic water prepared using MILLIPORE MILLI-Q  or equivalent deionized®

water and reagent grade chemicals or 20% DMW is recommended as a standard culture medium (see Section 7,
Dilution Water).

13.6.16.8  Culture Conditions

13.6.16.8.1  The daphnid, Ceriodaphnia dubia, should be cultured at a temperature of 25 ± 1°C.

13.6.16.8.2  Day/night cycles prevailing in most laboratories will provide adequate illumination for normal
growth and reproduction.  A photoperiod of 16-h of light and 8-h of darkness is recommended.  Light intensity
should be 10-20 µE/m /s or 50 to 100 ft-c. 2

13.6.16.8.3  Clear, double-strength safety glass or 6 mm plastic panels are placed on the culture vessels to
exclude dust and dirt, and reduce evaporation. 

13.6.16.8.4  The organisms are delicate and should be handled as carefully and as little as possible so that they
are not unnecessarily stressed.  They are transferred with a pipet of approximately 2-mm bore, taking care to
release the animals under the surface of the water.  Any organism that is injured during handling should be
discarded.

13.6.16.9  Food and Feeding

13.6.16.9.1  Feeding the proper amount of the right food is extremely important in Ceriodaphnia dubia culturing. 
The key is to provide sufficient nutrition to support normal reproduction without adding excess food which may
reduce the toxicity of the test solutions, clog the animal's filtering apparatus, or greatly decrease the DO
concentration and increase mortality.  A combination of Yeast, CEROPHYLL , and Trout chow (YCT), along®

with the unicellular green alga, Selenastrum capricornutum, will provide suitable nutrition if fed daily.

13.6.16.9.2  Other algal species (such as S. minutum or Chlamydomonas reinhardti), other substitute food
combinations (such as Flake Fish Food), or different feeding rates may be acceptable as long as performance
criteria are met and side-by-side comparison tests confirm acceptable quality (see Subsection 13.6.15.3).
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13.6.16.9.3  Cultures should be fed daily to maintain the organisms in optimum condition so as to provide
maximum reproduction.  Stock cultures which are stressed because they are not adequately fed may produce low
numbers of young, large numbers of males, and/or ephippial females.  Also, their offspring may produce few
young when used in toxicity tests. 

13.6.16.9.4  Feed as follows:

1. If YCT is frozen, remove a bottle of food from the freezer 1h before feeding time, and allow to thaw. 
2. YCT food mixture and algal concentrates should both be thoroughly mixed by shaking before dispensing. 
3. Mass cultures are fed daily at the rate of 7 mL YCT and 7 mL algae concentrate/L culture. 
4. Individual cultures are fed at the rate of 0.1 mL YCT and 0.1 mL algae concentrate per 15 mL culture. 
5. Return unused YCT food mixture and algae concentrate to the refrigerator.  Do not re-freeze YCT. 

Discard unused portion after two weeks. 
 
13.6.16.10  It is recommended that chronic toxicity tests be performed monthly with a reference toxicant. 
Daphnid, Ceriodaphnia dubia, neonates less than 24 h old, and all within 8 h of the same age are used to
monitor the chronic toxicity of the reference toxicant to the Ceriodaphnia dubia produced by the culture unit (see
Section 4, Quality Assurance).

13.6.16.11  Record Keeping

13.6.16.11.1  Records, kept in a bound notebook, include (1) source of organisms used to start the cultures, (2)
type of food and feeding times, (3) dates culture were thinned and restarted, (4) rate of reproduction in individual
cultures, (5) daily observations of the condition and behavior of the organisms in the cultures, and (6) dates and
results of reference toxicant tests performed (see Section 4, Quality Assurance).

13.7  EFFLUENT AND RECEIVING WATER COLLECTION, PRESERVATION, AND STORAGE

13.7.1  See Section 8, Effluent and Receiving Water Sampling, Sample Handling, and Sample Preparation for
Toxicity Tests.

13.8  CALIBRATION AND STANDARDIZATION 

13.8.1  See Section 4, Quality Assurance.

13.9  QUALITY CONTROL 

13.9.1  See Section 4, Quality Assurance.

13.10  TEST PROCEDURES 

13.10.1  TEST SOLUTIONS

13.10.1.1  Receiving Waters 

13.10.1.1.1  The sampling point is determined by the objectives of the test.  Receiving water toxicity is
determined with samples used directly as collected  or after samples are passed through a 60 µm NITEX  filter®

and compared without dilution, against a control.  For a test consisting of single receiving water and control,
approximately 600 mL of sample would be required for each test, assuming 10 replicates of 15 mL, and
sufficient additional sample for chemical analysis. 
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13.10.1.2  Effluents
 
13.10.1.2.1  The selection of the effluent test concentrations should be based on the objectives of the study.  A
dilution factor of 0.5 is commonly used.   A dilution factor of 0.5 provides precision of ± 100%, and testing of
concentrations between 6.25% and 100% effluent using only five effluent concentrations (6.25%, 12.5%, 25%,
50%, and 100%).  Improvements in precision decline rapidly if the dilution factor is increased beyond 0.5, and
precision declines rapidly if a smaller dilution factor is used.  Therefore, USEPA recommends the use of the ≥
0.5 dilution factor.

13.10.1.2.2  If the effluent is known or suspected to be highly toxic, a lower range of effluent concentrations
should be used (such as 25%, 12.5%, 6.25%, 3.12%, and 1.56%).  If a high rate of mortality is observed during
the first 1 to 2 h of the test, additional dilutions should be added at the lower range of effluent concentrations. 

13.10.1.2.3  The volume of effluent required for daily renewal of 10 replicates per concentration, each containing
15 mL of test solution, with a dilution series of 0.5, is approximately 1 L/day.  A volume of 15 mL of test
solution is adequate for the organisms, and will provide a depth in which it is possible to count the animals
under a stereomicroscope with a minimum of re-focusing.  Ten test chambers are used for each effluent dilution
and for the control.  Sufficient test solution (approximately 550 mL) is prepared at each effluent concentration to
provide 400 mL additional volume for chemical analyses at the high, medium, and low test concentrations. 

13.10.1.2.4  Tests should begin as soon as possible, preferably within 24 h of sample collection.  The maximum
holding time following retrieval of the sample from the sampling device should not exceed 36 h for off-site
toxicity tests unless permission is granted by the permitting authority.  In no case should the sample be used in a
test more than 72 h after sample collection (see Section 8, Effluent and Receiving Water Sampling, Sample
Handling, and Sample Preparation for Toxicity Tests).

13.10.1.2.5  Just prior to test initiation (approximately one h) the temperature of sufficient quantity of the sample
to make the test solutions should be adjusted to the test temperature and maintained at that temperature during
the preparation of the test solutions.

13.10.1.2.6  The DO of the test solutions should be checked prior to test initiation.  If any of the solutions are
supersaturated with oxygen or any solution has a DO concentration below 4.0 mg/L, all the solutions and the
control must be gently aerated.

13.10.1.3  Dilution Water

13.10.1.3.1  Dilution water may be uncontaminated receiving water, a standard synthetic (reconstituted) water, or
some other uncontaminated natural water (see Section 7, Dilution Water).

13.10.2  START OF THE TEST 

13.10.2.1  Label the test chambers with a marking pen.  Use of color-coded tape to identify each treatment and
replicate is helpful.  A minimum of five effluent concentrations and a control are used for each effluent test. 
Each treatment (including the control) must have ten replicates.

13.10.2.2  The test solutions can be randomly assigned to a board using a template (Figure 1) or by using a table
of random numbers (see Appendix A).  When using the randomized block design, test chambers are randomized
only once, at the beginning of the test.  A number of different templates should be prepared, so that the same
template is not used for every test. 
 
13.10.2.3  Neonates less than 24 h old, and all within 8 h of the same age, are required to begin the test.  The
neonates are obtained from individual cultures using brood boards, as described above (see Section 6, Test
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Organisms).  Neonates are taken only from adults that have eight or more young in their third or subsequent
broods.  These adults can be used as brood stock until they are 14 days old.  If the neonates are held more than
one or two hours before using in the test, they should be fed (0.1 mL YCT and 0.1 mL algal concentrate/15 mL
of media).

13.10.2.4  Ten brood cups, each with 8 or more young, are randomly selected from a brood board for use in
setting up a test.  To start the test, one neonate from the first brood cup is transferred to each of the six test
chambers in the first row on the test board (Figure 1).  One neonate from the second brood cup is transferred to
each of the six test chambers in the second row on the test board.  This process is continued until each of the 60
test chambers contains one neonate. 

13.10.2.4.1  The cups and test chambers may be placed on a light table to facilitate counting the neonates. 
However, care must be taken to avoid temperature increase due to heat from the light table.

13.10.2.5  This blocking procedure allows the performance of each female to be tracked.  If a female produces
one weak offspring or male, the likelihood of producing all weak offspring or all males is greater.  By using this
known parentage technique, poor performance of young from a given female can be omitted from all
concentrations.

13.10.3  LIGHT, PHOTOPERIOD, AND TEMPERATURE 

13.10.3.1  The light quality and intensity should be at ambient laboratory levels, approximately 10-20 µE/m /s, or2

50 to 100 ft-c, with a photoperiod of 16 h of light and 8 h of darkness. 

13.10.3.2  It is critical that the test water temperature be maintained at 25 ± 1°C to obtain three broods in seven
days. 

13.10.4  DISSOLVED OXYGEN (DO) CONCENTRATION

13.10.4.1  Aeration may affect the toxicity of effluents and should be used only as a last resort to maintain
satisfactory DO concentrations.  The DO concentrations should be measured in the new solutions at the start of
the test (Day 0) and before daily renewal of the test solutions on subsequent days.  The DO concentration should
not fall below 4.0 mg/L (see Section 8, Effluent and Receiving Water Sampling, Sample Handling, and Sample
Preparation for Toxicity Tests).  Aeration is generally not practical during the daphnid, Ceriodaphnia dubia, test. 
If the DO in the effluent and/or dilution water is low, aerate gently before preparing the test solutions.  The
aeration rate should not exceed 100 bubbles/min using a pipet with an orifice of approximately 1.5 mm, such as
a 1 ml KIMAX  serological pipet, No. 37033, or equivalent.  Care should be taken to ensure that turbulence®

resulting from aeration does not cause undue physical stress to the organisms.

13.10.5  FEEDING 

13.10.5.1  The organisms are fed when the test is initiated, and daily thereafter.  Food is added to the fresh
medium immediately before or immediately after the adults are transferred.  Each feeding consists of 0.1 mL
YCT and 0.1 mL Selenastrum capricornutum concentrate/15 mL test solution (0.1 mL of algal concentrate
containing 3.0-3.5 X 10  cells/mL will provide 2-2.3 X 10  cells/mL in the test chamber). 7 5

13.10.5.2  The YCT and algal suspension can be added accurately to the test chambers by using automatic
pipettors, such as Gilson, Eppendorf, Oxford, or equivalent. 

13.10.6  OBSERVATIONS DURING THE TEST 

13.10.6.1  Routine Chemical and Physical Determinations 
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13.10.6.1.1  DO is measured at the beginning and end of each 24-h exposure period in at least one test chamber
at each test concentration and in the control.

13.10.6.1.2  Temperature and pH are measured at the end of each 24-h exposure period in at least one test
chamber at each test concentration and in the control.  Temperature should be monitored continuously or
observed and recorded daily for at least two locations in the environmental control system or the samples. 
Temperature should be measured in sufficient number of test vessels at least at the end of the test to determine
the temperature variation in the environmental chamber.

13.10.6.1.3  The pH is measured in the effluent sample each day before new test solutions are made.

13.10.6.1.4  Conductivity, alkalinity and hardness are measured in each new sample (100% effluent or receiving
water) and in the control.

13.10.6.1.5  Record the data on data sheet (Figure 2).

13.10.6.2  Routine Biological Observations

13.10.6.2.1  Three or four broods are usually obtained in the controls in a 7-day test conducted at 25 ± 1°C.  A
brood is a group of offspring released from the female over a short period of time when the carapace is
discarded during molting.  In the controls, the first brood of two-to-five young is usually released on the third or
fourth day of the test.  Successive broods are released every 30 to 36 h thereafter.  The second and third broods
usually consist of eight to 20 young each.  The total number of young produced by a healthy control organism in
three broods often exceeds 30 per female.

13.10.6.2.2  The release of a brood may be inadvertently interrupted during the daily transfer of organisms to
fresh test solutions, resulting in a split in the brood count between two successive days.  For example, four
neonates of a brood of five might be released on Day 3, just prior to test solution renewal, and the fifth released
just after renewal, and counted on Day 4.  Partial broods, released over a two-day period, should be counted as
one brood.

13.10.6.2.3  Each day, the live adults are transferred to fresh test solutions, and the numbers of live young are
recorded (see data form, Figure 3). The young can be counted with the aid of a stereomicroscope with substage
lighting.  Place the test chambers on a light box over a strip of black tape to aid in counting the neonates.  The
young are discarded after counting.

13.10.6.2.4  Some of the effects caused by toxic substances include, (1) a reduction in the number of young
produced, (2) young may develop in the brood pouch of the adults, but may not be released during the exposure
period, and (3) partially or fully developed young may be released, but are all dead at the end of the 24-h period. 
Such effects should be noted on the data sheets (Figure 3). 

13.10.6.2.5  Protect the daphnids, Ceriodaphnia dubia, from unnecessary disturbance during the test by carrying
out the daily test observations, solution renewals, and transfer of females carefully.  Make sure the females
remain immersed during the performance of these operations.

13.10.7  DAILY PREPARATION OF TEST CHAMBERS

13.10.7.1  The test is started (Day 0) with new disposable polystyrene cups or precleaned 30-mL borosilicate
glass beakers that are labeled and color-coded with tape.  Each following day, a new set of plastic cups or
precleaned glass beakers is prepared, labeled,  and color-coded with tape similar to the original set.  New
solutions are placed in the new set of test chambers, and the test organisms are transferred from the original test
chambers to the new ones with corresponding labels and color-codes.  Each day, previously used glass beakers 
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Discharger: Test Dates:

Location: Analyst:

Control:
Day

1 2 3 4 5 6 7 Remarks
Temp.
D.O. Initial

Final
pH Initial

Final
Alkalinity
Hardness
Conductivity
Chlorine

Conc:
Day

1 2 3 4 5 6 7 Remarks
Temp.
D.O. Initial

Final
pH Initial

Final
Alkalinity
Hardness
Conductivity
Chlorine

Conc:
Day

1 2 3 4 5 6 7 Remarks
Temp.
D.O. Initial

Final
pH Initial

Final
Alkalinity
Hardness
Conductivity
Chlorine

Figure 2. Data form for the daphnid, Ceriodaphnia dubia,survivial and reproduction test. Routine
chemical and physical determinations.
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Discharger: Test Dates:

Location: Analyst:

Control:
Day

1 2 3 4 5 6 7 Remarks
Temp.
D.O. Initial

Final
pH Initial

Final
Alkalinity
Hardness
Conductivity
Chlorine

Conc:
Day

1 2 3 4 5 6 7 Remarks
Temp.
D.O. Initial

Final
pH Initial

Final
Alkalinity
Hardness
Conductivity
Chlorine

Conc:
Day

1 2 3 4 5 6 7 Remarks
Temp.
D.O. Initial

Final
pH Initial

Final
Alkalinity
Hardness
Conductivity
Chlorine

Figure 2. Data form for the daphnid, Ceriodaphnia dubia,survivial and reproduction test.  Routine
chemical and physical determinations (CONTINUED).
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are recleaned (see Section 5, Facilities, Equipment, and Supplies) for the following day, and previously used
plastic cups are discarded.

13.10.8  TEST SOLUTION RENEWAL 

13.10.8.1  Freshly prepared solutions are used to renew the test daily.  For on-site toxicity studies, fresh effluent
or receiving water samples should be collected daily, and no more than 24 h should elapse between collection of
the samples and their use in the tests (see Section 8, Effluent and Receiving Water Sampling, Sample Handling,
and Sample Preparation for Toxicity Tests).  For off-site tests, a minimum of three samples are collected,
preferably on days one, three, and five.  No more than 36 h should elapse between collection of the sample and
the first use in the test.  Maintain the samples in the refrigerator at 4°C until used.

13.10.8.2  New test solutions are prepared daily, and the test organisms are transferred to the freshly prepared
solutions using a small-bore (2 mm) glass or polyethylene dropper or pipet.  The animals are released under the
surface of the water so that air is not trapped under the carapace.  Organisms that are dropped or injured are
discarded. 

13.10.9  TERMINATION OF THE TEST 

13.10.9.1  Tests should be terminated when 60% of the control organisms have produced their third brood, or at
the end of 8 days, whichever occurs first.  Because of the rapid rate of development of Ceriodaphnia dubia, at
test termination all observations on organism survival and numbers of offspring should be completed within two
hours.  An extension of more than a few hours in the test period would be a significant part of the brood
production cycle of the animals, and could result in additional broods. 

13.10.9.2  Count the young, conduct required chemical measurements, and complete the data sheets (Figure 3).

13.10.9.3  Any animal not producing young should be examined to determine if it is a male (Berner, 1986).  In
most cases, the animal will need to be placed on a microscope slide before examining (see Subsection 13.6.16.4).

13.11  SUMMARY OF TEST CONDITIONS AND TEST ACCEPTABILITY CRITERIA

13.11.1  A summary of test conditions and test acceptability criteria is presented in Table 3.

13.12  ACCEPTABILITY OF TEST RESULTS

13.12.1  For the test results to be acceptable, at least 80% of the control organisms must survive, and 60% of
surviving adults in the controls must have had at least three broods, with an average total number of 15 or more
offspring per surviving adult.
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Discharger: Analyst:
Location: Test Start-Date/Time: 
Date Sample Collected: Test Start-Date/time: 

Replicate Adult

Number Number Young
of Young of Adults per

1 2 3 4 5 6 7 8 9 10
Conc. Day

1
2
3
4
5
6
7

Total

Replicate Adult

Number Number Young
of Young of Adults per

1 2 3 4 5 6 7 8 9 10
Conc. Day

1
2
3
4
5
6
7

Total

Replicate Adult

Number Number Young
of Young of Adults per

1 2 3 4 5 6 7 8 9 10
Conc. Day

1
2
3
4
5
6
7

Total

Figure 3.  Data for for the daphnid, Ceriodaphnia dubia, survival and reproduction test.  Daily
summary of data.
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Discharger: Analyst:
Location: Test Start-Date/Time: 
Date Sample Collected: Test Start-Date/time: 

Replicate Adult

Number Number Young
of Young of Adults per

1 2 3 4 5 6 7 8 9 10
Conc. Day

1
2
3
4
5
6
7

Total

Replicate Adult

Number Number Young
of Young of Adults per

1 2 3 4 5 6 7 8 9 10
Conc. Day

1
2
3
4
5
6
7

Total

Replicate Adult

Number Number Young
of Young of Adults per

1 2 3 4 5 6 7 8 9 10
Conc. Day

1
2
3
4
5
6
7

Total

Figure 3.  Data for for the daphnid, Ceriodaphnia dubia, survival and reproduction test.  Daily summary of
data (CONTINUED).
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TABLE 3. SUMMARY OF TEST CONDITIONS AND TEST ACCEPTABILITY CRITERIA FOR
DAPHNID, CERIODAPHNIA DUBIA, SURVIVAL AND REPRODUCTION TOXICITY
TESTS WITH EFFLUENTS AND RECEIVING WATERS

1. Test type: Static renewal

2. Temperature (°C): 25 ± 1°C 

3. Light quality: Ambient laboratory illumination 

4. Light intensity: 10-20 µE/m /s, or 50-100 ft-c 2

(ambient laboratory levels) 

5. Photoperiod: 16 h light, 8 h dark 

6. Test chamber size: 30 mL (minimum)

7. Test solution volume: 15 mL (minimum)

8. Renewal of test solutions: Daily

9. Age of test organisms: Less than 24 h; and all released within a 8-h period 

10. No. neonates per 
test chamber: 1 

11. No. replicate test 
chambers per concentration: 10 

12. No. neonates per 
test concentration: 10 

13. Feeding regime: Feed 0.1 mL each of YCT and algal suspension per
test chamber daily 

14. Cleaning: Use freshly cleaned glass beakers or new plastic cups
daily

15. Aeration: None 

16. Dilution water: Uncontaminated source of receiving or other natural
water, synthetic water prepared using MILLIPORE
MILLI-Q  or equivalent deionized water and reagent®

grade chemicals or DMW (see Section 7, Dilution
Water)
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  TABLE 3. SUMMARY OF TEST CONDITIONS AND TEST ACCEPTABILITY CRITERIA FOR
DAPHNID, CERIODAPHNIA DUBIA, SURVIVAL AND REPRODUCTION TOXICITY
TESTS WITH EFFLUENTS AND RECEIVING WATERS (CONTINUED)

17. Test concentrations: Effluents: Minimum of 5 and a control
Receiving Water: 100% receiving water or
minimum of 5 and a control

18. Dilution factor: Effluents:  ≥ 0.5
                                   Receiving Waters:  None or ≥ 0.5
 

19. Test duration: Until 60% of surviving control organisms have three
broods (maximum   test duration 8 days)

 
20. Endpoints: Survival and reproduction

 
21. Test acceptability criteria: 80% or greater survival and an average of 15 or

more young per surviving female in the control
solutions. 60% of surviving control organisms must
produce three broods.

22. Sampling requirements: For on-site tests, samples collected daily, and used
within 24 h of the time they are removed from the
sampling device.  For off-site tests, a minimum of
three samples collected on days one, three, and five
with a maximum holding time of 36 h before first
use (see Section 8, Effluent and Receiving Water
Sampling, Sample Handling, and Sample
Preparation for Toxicity Tests, Subsection 8.5.4)

22. Sample volume required: 1 L/day
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TABLE 4. SUMMARY OF SURVIVAL AND REPRODUCTION DATA FOR THE DAPHNID,
CERIODAPHNIA DUBIA, EXPOSED TO AN EFFLUENT FOR SEVEN DAYS 

No. of Young per Adult No.
Effluent Replicate Live

Concentration 1 2 3 4 5 6 7 8 9 10 Adults
(%)

 
Control 27 30 29 31 16 15 18 17 14 27 10 

1.56 32 35 32 26 18 29 27 16 35 13 10 
3.12 39 30 33 33 36 33 33 27 38 44 10 
6.25 27 34 36 34 31 27 33 31 33 31 10 

12.5 10 13 7 7 7 10 10 16 12 2 10 
25.0 0 0 0 0 0 0 0 0 0 0 3 

13.13  DATA ANALYSIS

13.13.1  GENERAL

13.13.1.1  Tabulate and summarize the data.  A sample set of survival and reproduction data is listed
in Table 4.

13.13.1.2  The endpoints of toxicity tests using the daphnid, Ceriodaphnia dubia, are based on the
adverse effects on survival and reproduction.  The LC50, the IC25, the IC50 and the EC50 are
calculated using point estimation techniques, and LOEC and NOEC values for survival and
reproduction are obtained using a hypothesis test approach such as Fisher's Exact Test (Finney, 1948;
Pearson and Hartley, 1962), Dunnett's Procedure (Dunnett, 1955) or Steel's Many-one Rank Test (Steel,
1959; Miller, 1981) (see Section 9, Chronic Toxicity Test Endpoints and Data Analysis).  Separate
analyses are performed for the estimation of the LOEC and NOEC endpoints and for the estimation of
the LC50, IC25, IC50 and EC50.  Concentrations at which there is no survival in any of the test
chambers are excluded from the statistical analysis of the NOEC and LOEC for reproduction, but
included in the estimation of the LC50, IC25, IC50, and EC50.  See the Appendices for examples of the
manual computations, program listings, and examples of data input and program output.

13.13.1.3  The statistical tests described here must be used with a knowledge of the assumptions upon
which the tests are contingent.  Tests for normality and homogeneity of variance are included in
Appendix B.  The assistance of a statistician is recommended for analysts who are not proficient in
statistics.  

13.13.2  EXAMPLE OF ANALYSIS OF THE DAPHNID, CERIODAPHNIA DUBIA, SURVIVAL DATA 

13.13.2.1  Formal statistical analysis of the survival data is outlined on the flowchart in Figure 4.  The
response used in the analysis is the number of animals surviving at each test concentration.  Separate
analyses are performed for the estimation of the NOEC and LOEC endpoints and for the estimation of
the EC50, LC50, IC25, or IC50 endpoints.  Concentrations at which there is no survival in any of the
test chambers are excluded from the statistical analysis of the NOEC and LOEC, but included in the
estimation of the LC, EC, and IC endpoints.
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13.13.2.2  Fisher's Exact Test is used to determine the NOEC and LOEC endpoints.  It provides a
conservative test of the equality of any two survival proportions assuming only the independence of
responses from a Bernoulli (binomial) population.  Additional information on Fisher's Exact Test is
provided in Appendix G.
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Figure 4.  Flowchart for statistical analysis of the daphnid, Ceriodaphnia dubia, survival data.
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TABLE 5.  FORMAT OF THE 2x2 CONTINGENCY TABLE

Number of Number of 
Successes Failures Observations  

 
Condition 1 a A - a A 

Condition 2 b B - b B 

   
Total a + b [(A+B) - a - b] A + B 

 

13.13.2.3  Probit Analysis (Finney, 1971; Appendix I) is used to estimate the concentration that causes a
specified percent decrease in survival from the control.  In this analysis, the total number dead at a
given concentration is the response.

13.13.2.4  Example of Analysis of Survival Data 

13.13.2.4.1  The data in Table 4 will be used to illustrate the analysis of survival data from the
daphnid, Ceriodaphnia dubia, Survival and Reproduction Test.  As can be seen from the data in Table 4,
there were no deaths in the 1.56%, 3.12%, 6.25%, and 12.5% concentrations.  These concentrations are
obviously not different from the control in terms of survival.  This leaves only the 25% effluent
concentration to be tested statistically for a difference in survival from the control.

13.13.2.5  Fisher's Exact Test

13.13.2.5.1  The basis for Fisher's Exact Test is a 2x2 contingency table.  From the 2x2 table prepared by
comparing the control and the effluent concentration, determine statistical significance by looking up a
value in the table provided in Appendix G (Table G.5).  However, to use this table the contingency
table must be arranged in the format illustrated in Table 5.

13.13.2.5.2  Arrange the table so that the total number of observations for row one is greater than or
equal to the total for row two (A ≥ B).  Categorize a success such that the proportion of successes for
row one is greater than or equal to the proportion of successes for row two (a/A ≥ b/B).  For these
data, a success may be 'alive' or 'dead' whichever causes a/A ≥ b/B.  The test is then conducted by
looking up a value in the table of significance levels of b and comparing it to the b value given in the
contingency table.  The table of significance levels of b is included in Appendix G, Table G.5.  Enter
Table G.5 in the section for A, subsection for B, and the line for a.  If the b value of the contingency
table is equal to or less than the integer in the column headed 0.05 in Table G.5, then the survival
proportion for the effluent concentration is significantly different from that of the control.  A dash or
absence of entry in Table G.5 indicates that no contingency table in that class is significant.

13.13.2.5.3  To compare the control and the effluent concentration of 25%, the appropriate contingency
table for the test is given in Table 6.
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TABLE 7.  DATA FOR TRIMMED SPEARMAN-KARBER ANALYSIS

Effluent Concentration (%)

Control 1.56 3.12 6.25 12.5 25.0 

Number Dead 0 0 0 0 0 8 
Number Exposed 10 10 10 10 10 10 

13.13.2.5.4  Since 10/10 ≥ 3/10, the category 'alive' is regarded as a success.  For A = 10, B = 10 and, a
= 10, under the column headed 0.05, the value from Table G.5 is b = 6.  Since the value of b (b = 3)
from the contingency table (Table 6), is less than the value of b (b = 6) from Table G.5 in Appendix G,
the test concludes that the proportion surviving in the 25% effluent concentration is significantly
different from the control.  Thus the NOEC for survival is 12.5% and the LOEC is 25%. 

TABLE 6.  2x2 CONTIGENCY TABLE FOR CONTROL AND 25% EFFLUENT

Number of

Alive Dead Observations
Number of

Condition 1 10 0 10

Condition 2 3 7 10

Total 13 7 20

13.13.2.6  Calculation of the LC50 

13.13.2.6.1  The data used for the Trimmed Spearman-Karber Method are summarized in Table 7.  To
perform the Trimmed Spearman-Karber Method, run the USEPA Trimmed Spearman-Karber Program. 
An example of the program input and output is supplied in Appendix J.

13.13.2.6.2  For this example, with only one partial mortality, Trimmed Spearman-Karber analysis
appears appropriate for this data.

13.13.2.6.3  Figure 5 shows the output for the Trimmed Spearman-Karber Analysis of the data in Table
7 using the USEPA Program.
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13.13.3 EXAMPLE OF ANALYSIS OF THE DAPHNID, CERIODAPHNIA DUBIA, REPRODUCTION    
  DATA

13.13.3.1  Formal statistical analysis of the reproduction data is outlined on the flowchart in Figure 6. 
The response used in the statistical analysis is the number of young produced per adult female, which
is determined by taking the total number of young produced until either the time of death of the adult
or the end of the experiment, whichever comes first.  An animal that dies before producing young, if it
has not been identified as a male, would be included in the analysis with zero entered as the number
of young produced.  The subsequent calculation of the mean number of live young produced per
adult female for each toxicant concentration provides a combined measure of the toxicant's effect on
both mortality and reproduction.  An IC estimate can be calculated for the reproduction data using a
point estimation technique (see Section 9, Chronic Toxicity Test Endpoints and Data Analysis). 
Hypothesis testing can be used to obtain an NOEC for reproduction.  Concentrations above the NOEC
for survival are excluded from the hypothesis test for reproduction effects.

13.13.3.2  The statistical analysis using hypothesis tests consists of a parametric test, Dunnett's
Procedure, and a nonparametric test, Steel's Many-one Rank Test.  The underlying assumptions of the
Dunnett's Procedure, normality and homogeneity of variance, are formally tested using the Shapiro
Wilk's Test for normality, and Bartlett's Test for homogeneity of variance.  If either of these tests fails,
a nonparametric test, Steel's Many-one Rank Test, is used to determine the NOEC and LOEC.  If the
assumptions of Dunnett's Procedure are met, the endpoints are determined by the parametric test.

13.13.3.3  Additionally, if unequal numbers of replicates occur among the concentration levels tested
there are parametric and nonparametric alternative analyses.  The parametric analysis is a t test with
the Bonferroni adjustment (see Appendix D).  The Wilcoxon Rank Sum Test with the Bonferroni
adjustment is the nonparametric alternative (see Appendix F).

13.13.3.4  The data, mean, and variance of the observations at each concentration including the control
are listed in Table 8.  A plot of the number of young per adult female for each concentration is
provided in Figure 7. Since there is significant mortality in the 25% effluent concentration, its effect on
reproduction is not considered.
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TRIMMED SPEARMAN-KARBER METHOD.  VERSION 1.5       
 
 
 
 
 DATE:   1                  TEST NUMBER: 2            DURATION:    7 Days     
 TOXICANT:  effluent                                       
 SPECIES:   ceriodaphnia dubia
 
 RAW DATA:  Concentration       Number      Mortalities 
 --- ----   (%)                 Exposed 
                .00                  10           0
               1.25                  10           0 
               3.12                  10           0 
               6.25                  10           0 
              12.5                   10           0 
              25.0                   10           8 
 
  SPEARMAN-KARBER TRIM:             20.41 % 
 
  SPEARMAN-KARBER ESTIMATES:     LC50:          77.28 
                                         95% CONFIDENCE LIMITS  
                                         ARE NOT RELIABLE. 
 
 NOTE:  MORTALITY PROPORTIONS WERE NOT MONOTONICALLY INCREASING. 
        ADJUSTMENTS WERE MADE PRIOR TO SPEARMAN-KARBER ESTIMATION. 

Figure 5.  Output for USEPA Trimmed Spearman-Karber program.
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TABLE 8.  THE DAPHNID, CERIODAPHNIA DUBIA, REPRODUCTION DATA

Effluent Concentration (%)
 

Replicate Control 1.56 3.12 6.25 12.5 

1 27 32 39 27 10
2 30 35 30 34 13
3 29 32 33 36 7
4 31 26 33 34 7
5 16 18 36 31 7
6 15 29 33 27 10
7 18 27 33 33 10
8 17 16 27 31 16
9 14 35 38 33 12

10 27 13 44 31 2

Mean Y' 22.4 26.3 34.6 31.7 9.4 I  

S 48.0 64.0 23.4 8.7 15.1 i
2

i 1 2 3 4 5
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Figure 6.Flowchart for the statistical analysis of the daphnid, Ceriodaphnia dubia, reproduction data.
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Figure 7.Plot of number of young per adult female from a daphnid, Ceriodaphnia dubia, survival and reproduction test.
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TABLE 9.  CENTERED OBSERVATIONS FOR SHAPIRO-WILK'S EXAMPLE

Effluent Concentration (%)

Replicate Control 1.56 3.12 6.25 12.5

1 4.6 5.7 4.4 -4.7 0.6
2 7.6 8.7 -4.6 2.3 3.6 
3 6.6 5.7 -1.6 4.3 -2.4 
4 8.6 -0.3 -1.6 2.3 -2.4 
5 -6.4 -8.3 1.4 -0.7 -2.4 
6 -7.4 2.7 -1.6 -4.7 0.6 
7 -4.4 0.7 -1.6 1.3 0.6 
8 -5.4 -10.3 -7.6 -0.7 6.6 
9 -8.4 8.7 3.4 1.3 2.6 

10 4.6 -13.3 9.4 -0.7 -7.4 

 

13.13.3.5  Test for Normality

13.13.3.5.1  The first step of the test for normality is to center the observations by subtracting the mean
of all the observations within a concentration from each observation in that concentration.  The
centered observations are summarized in Table 9.

13.13.3.5.2  Calculate the denominator, D, of the test statistic: 

   Where: X = the ith centered observationi

          

            = the overall mean of the centered observations 

            n = the total number of centered observations.

For this set of data,
n = 50 

D = 1433.4 

13.13.3.5.3  Order the centered observations from smallest to largest 
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                  X  ≤ X  ≤ ...≤ X  (1) (2) (n)

 
    Where X  is the ith ordered observation.  These ordered observations are listed in Table 10.(i)

13.13.3.5.4  From Table 4, Appendix B, for the number of observations, n, obtain the coefficients a , a ,1 2

..., a  where k is n/2 if n is even and (n-1)/2 if n is odd.  For the data in this example, n = 50, k = 25. k

The a  values are listed in Table 11.i

13.13.3.5.5  Compute the test statistic, W, as follows: 

The differences X  - X  are listed in Table 11. (n-i+1) (i)

For this set of data: 
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 TABLE 10.  ORDERED CENTERED OBSERVATIONS FOR SHAPIRO-WILK'S EXAMPLE 

 
i X i X(i) (i)

 
1 -13.3 26 0.6 
2 -10.3 27 0.6 
3 -8.4 28 0.7 
4 -8.3 29 1.3 
5 -7.6 30 1.3 
6 -7.4 31 1.4 
7 -7.4 32 2.3 
8 -6.4 33 2.3 
9 -5.4 34 2.6 

10 -4.7 35 2.7 
11 -4.7 36 3.4 
12 -4.6 37 3.6 
13 -4.4 38 4.3 
14 -2.4 39 4.4 
15 -2.4 40 4.6 
16 -2.4 41 4.6 
17 -1.6 42 5.7 
18 -1.6 43 5.7 
19 -1.6 44 6.6 
20 -1.6 45 6.6 
21 -0.7 46 7.6 
22 -0.7 47 8.6 
23 -0.7 48 8.7 
24 -0.3 49 8.7 
25 0.6 50 9.4 
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TABLE 11.  COEFFICIENTS AND DIFFERENCES FOR SHAPIRO-WILK'S EXAMPLE
 

 
i a X  - X  i

(n-i+1) (i)

 
1 0.3751 22.7 X - X  (50) (1)

2 0.2574 19.0 X - X  (49) (2)

3 0.2260 17.1 X - X  (48) (3)

4 0.2032 16.9 X - X  (47) (4)

5 0.1847 15.2 X - X  (46) (5)

6 0.1691 14.0 X - X  (45) (6)

7 0.1554 14.0 X - X  (44) (7)

8 0.1430 12.1 X - X  (43) (8)

9 0.1317 11.1 X - X  (42) (9)

10 0.1212 9.3 X - X  (41) (10)

11 0.1113 9.3 X - X  (40) (11)

12 0.1020 9.0 X - X  (39) (12)

13 0.0932 8.7 X - X  (38) (13)

14 0.0846 6.0 X - X  (37) (14)

15 0.0764 5.8 X - X  (36) (15)

16 0.0685 5.1 X - X  (35) (16)

17 0.0608 4.2 X - X  (34) (17)

18 0.0532 3.9 X - X(33) (18)

19 0.0459 3.9 X - X  (32) (19)

20 0.0386 3.0 X - X  (31) (20)

21 0.0314 2.0 X - X  (30) (21)

22 0.0244 2.0 X - X  (29) (22)

23 0.0174 1.4 X - X  (28) (23)

24 0.0104 0.9 X - X  (27) (24)

25 0.0035 0.0 X - X  (26) (25)

13.13.3.5.6  The decision rule for this test is to compare W with the critical value found in Table 6,
Appendix B.  If the computed W is less than the critical value, conclude that the data are not normally
distributed.  For this example, the critical value at a significance level of 0.01 and 50 observations (n) is
0.930.  Since W = 0.97 is greater than the critical value, the conclusion of the test is that the data are
normally distributed. 

13.13.3.6  Test for Homogeneity of Variance 

13.13.3.6.1  The test used to examine whether the variation in number of young produced is the same
across all effluent concentrations including the control, is Bartlett's Test (Snedecor and Cochran, 1980). 
The test statistic is as follows: 
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   Where: V = degrees of freedom for each effluent concentration and  control, V  = (n  - 1) i i i

p = number of levels of effluent concentration and control 

n = the number of replicates for concentration i i

          ln = log  e

i = 1, 2, ..., p where p is the number of concentrations including the control 
 

13.13.3.6.2  For the data in this example (see Table 8), all effluent concentrations including the control
have the same number of replicates (n  = 10 for all i).  Thus, V  = 9 for all I.i i

13.13.3.6.3  Bartlett's statistic is therefore: 

=  [45(3.5) - 9(16.1)]/1.04 

         =  12.6/1.04 

         =  12.1 

13.13.3.6.4  B is approximately distributed as chi-square with p - 1 degrees of freedom, when the
variances are in fact the same.  Therefore, the appropriate critical value for this test, at a significance
level of 0.01 with four degrees of freedom, is 13.3.  Since B = 12.1 is less than the critical value of 13.3,
conclude that the variances are not different. 

13.13.3.7  Dunnett's Procedure 

13.13.3.7.1  To obtain an estimate of the pooled variance for the Dunnett's Procedure, construct an
ANOVA table as described in Table 12.
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TABLE 12.  ANOVA TABLE

Source df Sum of Squares Mean Square(MS) 
(SS) (SS/df) 

                                                  
Between p - 1 SSB  = SSB/(p-1) 

                                                  
Within N - p SSW  = SSW/(N-p) 

 
Total N - 1 SST 

Where: p = number effluent concentrations including the control 

N = total number of observations n  + n  ... + n  1 2 p

n = number of observations in concentration i i

 Between Sum of Squares

     Total Sum of Squares

     Within Sum of Squares

G = the grand total of all sample observations,

T = the total of the replicate measurements for concentration i  I

Y = the jth observation for concentration i (represents the number of young produced byij

female j in effluent concentration i)
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13.13.3.7.2  For the data in this example:

n  = n  = n  = n  = n  = 10 1  2 3  4 5

N = 50 

T  = Y  + Y  + . . . + Y  = 224 1 11 12 110

T  = Y  + Y  + . . . + Y  = 263 2 21  22 210

T  = Y  + Y  + . . . + Y  = 346 3 31  32 310

T  = Y  + Y  + . . . + Y  = 317 4 41 42 410

T  = Y  + Y  + . . . + Y  =  94 5 51 52 510

 
G  = T  + T  + T  + T  + T  = 1244 1 2 3 4 5

  = 5321.28 - 3887.88 = 1433.40 

                   S   = SSB/(p-1) = 3887.88/(5-1) = 971.97 B
2

                   S   = SSW/(N-p) = 1433.40/(50-5) = 31.85 W
2

13.13.3.7.3  Summarize these calculations in an ANOVA table (Table 13).
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TABLE 13.  ANOVA TABLE FOR DUNNETT'S PROCEDURE EXAMPLE 

Source df Sum of Squares Mean 

Square(MS)
(SS) (SS/df)

Between 4 3887.88 971.97

Within 45 1433.40 31.85

Total 49 5321.28

13.13.3.7.4  To perform the individual comparisons, calculate the t statistic for each concentration and
control combination as follows:

Where: = mean number of young produced for effluent concentration i 

       = mean number of young produced for the control 

       S = square root of within mean square W

       n = number of replicates for the control 1

       n = number of replicates for concentration i. i

Since we are looking for a decrease in reproduction from the control, the mean for concentration i is
subtracted from the control mean in the t statistic above.  However, if we were looking for an
increased response over the control, the control mean would be subtracted from the mean at a
concentration. 
 
13.13.3.7.5  Table 14 includes the calculated t values for each concentration and control combination. 
In this example, comparing the 1.56% concentration with the control the calculation is as follows: 
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TABLE 14.  CALCULATED T VALUES

Effluent Concentration (%) i t  i

 
1.56 2 -1.55 
3.12 3 -4.84 
6.25 4 -3.69 

12.5 5 5.16 

 

13.13.3.7.6  Since the purpose of this test is to detect a significant reduction in mean reproduction, a
one-sided test is appropriate.  The critical value for this one-sided test is found in Table 5, Appendix
C.  Since an entry for 45 degrees of freedom for error is not provided in the table, the entry for 40
degrees of freedom for error, an alpha level of 0.05 and four concentrations (excluding the control) will
be used, 2.23.  The mean reproduction for concentration "i" is considered significantly less than the
mean reproduction for the control if t  is greater than the critical value.  Since t  is greater than 2.23,i 5

the 12.5% concentration has significantly lower reproduction than the control.  Hence the NOEC and
the LOEC for reproduction are 6.25% and 12.5%, respectively.

13.13.3.7.7  To quantify the sensitivity of the test, the minimum significant difference (MSD) that can
be statistically detected may be calculated:

Where: d = the critical value for the Dunnett's Procedure 

S = the square root of the within mean square W

n = the common number of replicates at each concentration (this assumes equal replication at
each concentration) 

n = the number of replicates in the control. 1
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13.13.3.7.8  In this example:

 = 2.23 (5.64) (0.447)

= 5.62

13.13.3.7.9  Therefore, for this set of data, the minimum difference that can be detected as statistically
significant is 5.62. 

13.13.3.7.10  This represents a 25% decrease in mean reproduction from the control.

13.13.3.8  Calculation of the IC

13.13.3.8.1  The reproduction data in Table 4 are utilized in this example.  As can be seen from
Figure 8, the observed means are not monotonically non-increasing with respect to concentration. 
Therefore, the means must be smoothed prior to calculating the IC.

13.13.3.8.2  Starting with the observed control mean, Y' = 22.4, and the observed mean for the lowest1

effluent concentration,  = 26.3, we see that  is less than .

13.13.3.8.3  Calculate the smoothed means:
                                    

                M  = M  = ( + )/2 = 24.351 2

                                                    

13.13.3.8.4  Since  = 34.6 is larger than M , average  with the previous concentrations:2

                                       

M  = M  = M  = (M  + M  + )/3 = 27.7.1 2 3 1 2

13.13.3.8.5  Additionally,  = 31.7 is larger than M , and is pooled with the first three means.  Thus:3

(M  + M  + M  + )/4 = 28.7 = M  = M  = M  = M1 2 3 1 2 3 4

13.13.3.8.6  Since M  >  = 9.4, set M  = 9.4.  Likewise, M  >  = 0, and M  becomes 0.  Table 154 5 5 6

contains the smoothed means and Figure 8 gives a plot of the smoothed means and the interpolated
response curve.
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         TABLE 15. DAPHNID, CERIODAPHNIA DUBIA, REPRODUCTION MEAN RESPONSE AFTER
SMOOTHING

 
Response Smoothed
Effluent Means, Y Means, Mi i

Conc. (%) i (young/female) (young/female)

Control 1 22.4 28.75
1.56 2 26.3 28.75
3.12 3 34.6 28.75
6.25 4 31.7 28.75

12.5 5 9.4 9.40
25.0 6 0.0 0.00

13.13.3.8.7  Estimates of the IC25 and IC50 can be calculated using the Linear Interpolation Method.  A
25% reduction in reproduction, compared to the controls, would result in a mean reproduction of
21.56 young per adult, where M (1 - p/100) = 28.75(1 - 25/100).  A 50% reduction in reproduction,1

compared to the controls, would result in a mean reproduction of 14.38 young per adult, where M (1 -1

p/100) = 28.75(1 - 50/100).  Examining the smoothed means and their associated concentrations
(Table 15), the two effluent concentrations bracketing 21.56 young per adult are C  = 6.25% effluent4

and C  = 12.5% effluent.  The two effluent concentrations bracketing a response of 14.38 young per5

adult are also C  = 6.25% and C  = 12.5%.4  5
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Figure 8.Plot of raw data, observed means, and smoothed means for the daphnid, Ceriodaphnia dubia, reproductive data
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13.13.3.8.8  Using equation from Section 4.2 in Appendix M, the estimate of the IC25 is as follows:

= 8.57% effluent

13.13.3.8.9  The estimate of the IC50 is as follows:

 
 = 10.89% effluent

13.13.3.8.10   When the ICPIN program was used to analyze this data set for the IC25, requesting 80
resamples, the estimate of the IC25 was 8.5715% effluent.  The empirical 95% confidence interval for
the true mean was 8.3112% and 9.0418% effluent.  The computer output for this data set is provided in
Figure 9.

13.13.3.8.11   When the ICPIN program was used to analyze this data set for the IC50, requesting 80
resamples, the estimate of the IC50 was 10.8931% effluent.  The empirical 95% confidence interval for
the true mean was 10.4373% and 11.6269% effluent.  The computer output for this data set is provided
in Figure 10.

13.14 PRECISION AND ACCURACY

13.14.1  precision

13.14.1.1  Single-Laboratory Precision

13.14.1.1.1  Information on the single-laboratory precision of the daphnid, Ceriodaphnia dubia, survival
and reproduction test is based on the NOEC and LOEC values from nine tests with the reference
toxicant sodium pentachlorophenate (NaPCP) is provided in Table 16.  The NOECs and LOECs of all
tests fell in the same concentration range, indicating maximum possible precision.  Table 17 gives
precision data for the IC25 and IC50 values for seven tests with the reference toxicant NaPCP. 
Coefficient of variation was 41% for the IC25 and 28% for the IC50.

13.14.1.1.2  Ten sets of data from six laboratories met the acceptability criteria, and were statistically
analyzed using nonparametric procedures to determine NOECs and LOECs. 
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Conc. ID             1         2         3         4         5         6
------------------------------------------------------------------------
Conc. Tested         0      1.56      3.12      6.25      12.5      25.0
------------------------------------------------------------------------
Response  1         27        32        39        27        10         0
Response  2         30        35        30        34        13         0
Response  3         29        32        33        36         7         0
Response  4         31        26        33        34         7         0
Response  5         16        18        36        31         7         0
Response  6         15        29        33        27        10         0
Response  7         18        27        33        33        10         0
Response  8         17        16        27        31        16         0
Response  9         14        35        38        33        12         0
Response 10         27        13        44        31         2         0
------------------------------------------------------------------------
*** Inhibition Concentration Percentage Estimate ***
Toxicant/Effluent: Effluent
Test Start Date: Example   Test Ending Date: 
Test Species: Ceriodaphnia dubia
Test Duration:             7-d
DATA FILE: cdmanual.icp
OUTPUT FILE: cdmanual.i25
-----------------------------------------------------------------------
Conc.     Number     Concentration     Response      Std.       Pooled
 ID     Replicates               %       Means       Dev.   Response Means
-----------------------------------------------------------------------
  1         10             0.000         22.400      6.931     28.750
  2         10             1.560         26.300      8.001     28.750
  3         10             3.120         34.600      4.835     28.750
  4         10             6.250         31.700      2.946     28.750
  5         10            12.500          9.400      3.893      9.400
  6         10            25.000          0.000      0.000      0.000
-----------------------------------------------------------------------
The Linear Interpolation Estimate:     8.5715   Entered P Value: 25
-----------------------------------------------------------------------
Number of Resamplings:   80
The Bootstrap Estimates Mean:   8.5891 Standard Deviation:     0.1831
Original Confidence Limits:   Lower:     8.3112 Upper:     9.0418
Resampling time in Seconds:     2.53  Random Seed: -641671986

Figure 9.  Example of ICPIN program output for the IC25.       
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Conc. ID             1         2         3         4         5         6
------------------------------------------------------------------------
Conc. Tested         0      1.56      3.12      6.25      12.5      25.0
------------------------------------------------------------------------
Response  1         27        32        39        27        10         0
Response  2         30        35        30        34        13         0
Response  3         29        32        33        36         7         0
Response  4         31        26        33        34         7         0
Response  5         16        18        36        31         7         0
Response  6         15        29        33        27        10         0
Response  7         18        27        33        33        10         0
Response  8         17        16        27        31        16         0
Response  9         14        35        38        33        12         0
Response 10         27        13        44        31         2         0
------------------------------------------------------------------------
*** Inhibition Concentration Percentage Estimate ***
Toxicant/Effluent: Effluent
Test Start Date: Example   Test Ending Date: 
Test Species: Ceriodaphnia dubia
Test Duration:             7-d
DATA FILE: cdmanual.icp
OUTPUT FILE: cdmanual.i50
-----------------------------------------------------------------------
Conc.     Number     Concentration     Response      Std.       Pooled
 ID     Replicates               %       Means       Dev.   Response Means
-----------------------------------------------------------------------
  1         10             0.000         22.400      6.931     28.750
  2         10             1.560         26.300      8.001     28.750
  3         10             3.120         34.600      4.835     28.750
  4         10             6.250         31.700      2.946     28.750
  5         10            12.500          9.400      3.893      9.400
  6         10            25.000          0.000      0.000      0.000
-----------------------------------------------------------------------
The Linear Interpolation Estimate:    10.8931   Entered P Value: 50
-----------------------------------------------------------------------
Number of Resamplings:   80
The Bootstrap Estimates Mean:  10.9316 Standard Deviation:     0.3357
Original Confidence Limits:   Lower:    10.4373 Upper:    11.6269
Resampling time in Seconds:     2.58  Random Seed: 172869646

Figure 10.  Example of ICPIN program output for the IC50.
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TABLE 16: SINGLE LABORATORY PRECISION OF THE DAPHNID, CERIODAPHNIA DUBIA,
SURVIVAL AND REPRODUCTION TEST, USING NAPCP AS A REFERENCE
TOXICANT1,2

Test NOEC LOEC Chronic
(Mg/L) (Mg/L)

Value
(Mg/L)

1 0.25 0.50 0.353

2 0.20 0.60 0.354

3 0.20 0.60 0.35
4 0.30 0.60 0.425

5 0.30 0.60 0.42
6 0.30 0.60 0.42
7 0.30 0.60 0.42
8 0.30 0.60 0.42
9 0.30 0.60 0.42

  For a discussion of the precision of data from chronic toxicity tests see Section 4, Quality1

Assurance.
Data from Tests performed by Philip Lewis, Aquatic Biology Branch, EMSL-Cincinnati, OH. 2

Tests were conduted in reconstituted hard water (hardness = 180 mg CaC0 /L; pH - 8.1).3

Concentrations used in Test 1 were: 0.03, 0.06, 0.12, 0.25, 0.50, 1.0 mg NaPCP/L.3

Concentrations used in Tests 2 and 3 were: 0.007, 0.022, 0.067, 0.020, 0.60 mg NaPCP/L.4

Concentrations used in Tests 4 through 9 were: 0.0375, 0.075, 0.150, 0.30, 0.60 mg NaPCP/L.5
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 TABLE 17. THE DAPHNID, CERIODAPHNIA DUBIA, SEVEN-DAY SURVIVAL AND 
REPRODUCTION TEST PRECISION FOR A SINGLE LABORATORY USING NAPCP
AS THE REFERENCE TOXICANT (USEPA, 1991a)

Test Number NOEC (mg/L) IC25 (mg/L) IC50 (mg/L)

19 0.30 0.3754 0.4508
46A 0.20 0.0938 0.2608
46B 0.20 0.2213 0.2879
49 0.20 0.2303 0.2912
55 0.20 0.2306 0.3177
56 0.10 0.2241 0.2827

   n 7 7 7
 Mean NA 0.2157 0.2953
 CV(%) NA 41.1 27.9
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13.14.1.2  Multilaboratory Precision 

13.14.1.2.1  A multilaboratory study was performed by the Aquatic Biology Branch, EMSL-Cincinnati
in 1985e, involving a total of 11 analysts in 10 different laboratories (Neiheisel et. al., 1988; USEPA,
1988e).  Each analyst performed one-to-three seven-day tests using aliquots of a copper-spiked effluent
sample, for a total of 25 tests.  The tests were performed on the same day in all participating
laboratories, using a pre-publication draft of Method 1002.0.  The NOECs and LOECs for these tests
were within one concentration interval which, with a dilution factor of 0.5, is equivalent to a two-fold
range in concentration (Table 18).

13.14.1.2.2  A second multilaboratory study of Method 1002.0 (using the first edition of this manual;
USEPA, 1985c), was coordinated by Battelle, Columbus Division, and involved 11 participating
laboratories (Table 19) (DeGraeve et al., 1989).  All participants used 10% DMW (10% PERRIER®
Water) as the culture and dilution water, and used their own formulation of food for culturing and
testing the Ceriodaphnia dubia.  Each laboratory was to conduct at least one test with each of eight blind
samples.  Each test consisted of 10 replicates of one organism each for five toxicant concentrations and
a control.  Of the 116 tests planned, 91 were successfully initiated, and 70 (77%) met the survival and
reproduction criteria for acceptability of the results (80% survival and nine young per initial female). 
If the reproduction criteria of 15 young/female, used in this edition of the method, had been applied
to the results of the interlaboratory study, 22 additional tests would have been unacceptable.  The
overall precision (CV) of the test was 27% for the survival data (7-day LC50s) and 37.5% and 39.0% for
the reproduction data (IC50s and IC25s, respectively).

13.14.2  ACCURACY

13.14.2.1  The accuracy of toxicity tests cannot be determined.
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    TABLE 18. INTERLABORATORY PRECISION FOR THE DAPHNID, CERIODAPHNIA DUBIA,
SURVIVAL AND REPRODUCTION TEST WITH COPPER SPIKED EFFLUENT
(USEPA, 1988e) 

Endpoints (% Effluent)
Reproduction Survival

Analyst Test NOEC LOEC NOEC LOEC 

3 1 12 25 25 50 
 

4 1 6 12 12 25 
 

4 2 6 12 25 50 
 

5 1 6 12 12 25 
 

5 2 12 25 12 25 
 

6 1 12 25 25 50 
 

6 2 6 12 25 50 
 

10 1 6 12 12 25 
 

10 2 6 12 12 25 
 

11 1 12 25 25 50 
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TABLE 19. INTERLABORATORY PRECISION DATA FOR THE DAPHNID, CERIODAPHNIA  DUBIA,
SUMMARIZED FOR EIGHT REFERENCE TOXICANTS AND EFFLUENTS (USEPA, 1991a)

Test Material Mean IC50 CV% Mean IC25 CV%
   

 Sodium chloride 1.34 29.9 1.00 34.3

 Industrial 3.6 83.3 3.2 78.1

 Sodium chloride 0.96 57.4 0.09 44.4

 Pulp and Paper 60.0 28.3 47.3 27.0

 Potassium dichromate 35.8 30.8 23.4 32.7
 
 Pulp and Paper 70.2 7.5 55.7 12.2  
 
 Potassium dichromate 53.2 25.9 29.3 46.8

 Industrial 69.8 37.0 67.3 36.7

n 8 8
Mean 37.5 39.0

Standard Deviation 23.0 19.1
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SECTION 14

TEST METHOD

GREEN ALGA, SELENASTRUM CAPRICORNUTUM, GROWTH TEST
METHOD 1003.0

14.1  SCOPE AND APPLICATION

14.1.1  This method measures the chronic toxicity of effluents and receiving water to the freshwater green alga,
Selenastrum capricornutum, in a four-day static test.  The effects include the synergistic, antagonistic, and
additive effects of all the chemical, physical, and biological components which adversely affect the physiological
and biochemical functions of the test organisms. 
 
14.1.2  Detection limits of the toxicity of an effluent or pure substance are organism dependent.

14.1.3  Brief excursions in toxicity may not be detected using 24-h composite samples.  Also, because of the
long sample collection period involved in composite sampling, and because the test chambers are not sealed,
highly degradable or highly volatile toxicants present in the source may not be detected in the test.

14.1.4  This test method is commonly used in one of two forms:  (1) a definitive test, consisting of a minimum
of five effluent concentrations and a control, and (2) a receiving water test(s), consisting of one or more
receiving water concentrations and a control.

14.1.5  This test is very versatile because it can also be used to identify wastewaters which are biostimulatory
and may cause nuisance growths of algae, aquatic weeds, and other organisms at higher trophic levels. 

14.2  SUMMARY OF METHOD

14.2.1  A green alga, Selenastrum capricornutum, population is exposed in a static system to a series of
concentrations of effluent, or to receiving water, for 96 h.  The response of the population is measured in terms
of changes in cell density (cell counts per mL), biomass, chlorophyll content, or absorbance. 

14.3  INTERFERENCES 

14.3.1  Toxic substances may be introduced by contaminants in dilution water, glassware, sample hardware, and
testing equipment (see Section 5, Facilities, Equipment, and Supplies).

14.3.2  Adverse effects of high concentrations of suspended and/or dissolved solids, color, and extremes of pH
may mask the presence of toxic substances.

14.3.3  Improper effluent sampling and handling may adversely affect test results (see Section 8, Effluent and
Receiving Water Sampling, Sample Handling, and Sample Preparation for Toxicity Tests).

14.3.4  Pathogenic organisms and/or planktivores in the dilution water and effluent may affect test organism
survival and growth, and confound test results. 

14.3.5  Nutrients in the effluent or dilution water may confound test results. 
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14.4  SAFETY

14.4.1  See Section 3, Safety and Health. 

14.5  APPARATUS AND EQUIPMENT 

14.5.1  Laboratory Selenastrum capricornutum culture unit -- see culturing methods below and USEPA, 1993b. 
To test effluent toxicity, sufficient numbers of log-phase-growth organisms must be available. 
 
14.5.2  Samplers -- automatic sampler, preferably with sample cooling capability, that can collect a 24-h
composite sample of 5 L or more. 

14.5.3  Sample containers -- for sample shipment and storage (see Section 8, Effluent and Receiving Water
Sampling, Sample Handling, and Sample Preparation for Toxicity Tests). 
 
14.5.4  Environmental chamber, incubator, or equivalent facility -- with "cool-white" fluorescent illumination (86
± 8.6 µE/m /s, 400 ± 40 ft-c, or 4306 lux) and temperature control (25 ± 1°C). 2

 
14.5.5  Mechanical shaker -- capable of providing orbital motion at the rate of 100 cycles per minute (cpm). 

14.5.6  Light meter -- with a range of 0-200 µE/m /s (0-1000 ft-c). 2

14.5.7  Water purification system -- MILLIPORE MILLI-Q , deionized water or equivalent (see Section 5,®

Facilities, Equipment, and Supplies). 

14.5.8  Balance -- analytical, capable of accurately weighing 0.00001 g. 

14.5.9  Reference weights, class S -- for checking performance of balance. 

14.5.10  Volumetric flasks and graduated cylinders -- class A, 10-1000 mL, borosilicate glass, for culture work
and preparation of test solutions. 

14.5.11  Volumetric pipets -- class A, 1-100 mL. 

14.5.12  Serological pipets -- 1-10 mL, graduated. 

14.5.13  Pipet bulbs and fillers -- PROPIPET , or equivalent. ®

14.5.14  Wash bottles -- for rinsing small glassware, instrument electrodes, and probes. 

14.5.15  Test chambers -- four (minimum of three) 125 or 250 mL borosilicate, Erlenmeyer flasks, with foam
plugs or stainless steel or Shumadzu closures.  For special glassware cleaning requirements (see Section 5,
Facilities, Equipment, and Supplies).

14.5.16  Culture chambers -- 1-4 L borosilicate, Erlenmeyer flasks. 

14.5.17  Thermometers, glass or electronic, laboratory grade -- for measuring water temperatures. 

14.5.18  Bulb-thermograph or electronic-chart type thermometers -- for continuously recording temperature. 

14.5.19  Thermometer, National Bureau of Standards Certified, (see USEPA Method 170.1, USEPA, 1979b) -- to
calibrate laboratory thermometers. 
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14.5.20  Meters, pH and specific conductivity -- for routine physical and chemical measurements.

14.5.21  Tissue grinder -- for chlorophyll extraction. 

14.5.22  Fluorometer (Optional) -- equipped with chlorophyll detection light source, filters, and photomultiplier
tube (Turner Model 110 or equivalent).

14.5.23  UV-VIS spectrophotometer -- capable of accommodating 1-5 cm cuvettes. 

14.5.24  Cuvettes for spectrophotometer -- 1-5 cm light path. 

14.5.25  Electronic particle counter (Optional) -- Coulter Counter, Model ZBI, or equivalent, with mean cell
(particle) volume determination.

14.5.26  Microscope -- with 10X, 45X, and 100X objective lenses, 10X ocular lenses, mechanical stage, substage
condenser, and light source (inverted or conventional microscope).

14.5.27  Counting chamber -- Sedgwick-Rafter, Palmer-Maloney, or hemocytometer.

14.5.28  Centrifuge -- with swing-out buckets having a capacity of 15-100 mL.

14.5.29  Centrifuge tubes -- 15-100 mL, screw-cap. 

14.5.30  Filtering apparatus -- for membrane and/or glass fiber filters. 

14.6  REAGENTS AND CONSUMABLE MATERIALS 

14.6.1  Sample containers -- for sample shipment and storage (see Section 8, Effluent and Receiving Water
Sampling, Sample Handling, and Sample Preparation  for Toxicity Tests).

14.6.2  Data sheets (one set per test) -- for recording data.

14.6.3  Tape, colored -- for labeling test chambers.

14.6.4  Markers, waterproof -- for marking containers, etc.  

14.6.5  Reagents for hardness and alkalinity tests -- see USEPA Methods 130.2 and 310.1, USEPA, 1979b.

14.6.6  Buffers pH 4, pH 7, and pH 10 (or as per instructions of instrument manufacturer) for instrument
calibration (see USEPA Method 150.1, USEPA, 1979b).

14.6.7  Specific conductivity standards (see USEPA Method 120.1, USEPA, 1979b).

14.6.8  Standard particles -- such as chicken or turkey fibroblasts or polymer microspheres, 5.0 ± 0.03 µm
diameter, 65.4 µm  volume, for calibration of electronic particle counters (available from Duke Scientific Co.,3

1135D, San Antonio Road, Palo Alto, CA 94303). 

14.6.9  Membranes and filling solutions for DO probe (see USEPA Method 360.1, USEPA, 1979b), or reagents -
- for modified Winkler analysis.

14.6.10  Laboratory quality control samples and standards -- for calibration of the above methods.
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14.6.11  Reference toxicant solutions -- see Section 4, Quality Assurance.

14.6.12  Reagent water -- defined as distilled or deionized water that does not contain substances which are toxic
to the test organisms (see Section 5, Facilities, Equipment, and Supplies). 

14.6.13  Effluent or receiving water and dilution water -- see Section 7, Dilution Water; and Section 8, Effluent
and Receiving Water Sampling, Sample Handling, and Sample Preparation for Toxicity Testing.

14.6.14  Acetone -- pesticide-grade or equivalent. 

14.6.15  Dilute (10%) hydrochloric acid -- carefully add 10 mL of concentrated HCl to 90 mL of MILLI-Q®

water. 

14.6.16  TEST ORGANISMS, GREEN ALGA, SELENASTRUM CAPRICORNUTUM 

14.6.16.1  Selenastrum capricornutum, a unicellular coccoid green alga is the test organism.

14.6.16.2  Algal Culture Medium is prepared as follows: 

1. Prepare (five) stock nutrient solutions using reagent grade chemicals as described in Table 1. 
Cautionary note:  EDTA may affect metal toxicity.  It is recommended that tests be conducted with and
without EDTA in the culture media if metals are suspected in the effluent or receiving water.

2. Add 1 mL of each stock solution, in the order listed in Table 1, to approximately 900 mL of MILLI-Q®

water.  Mix well after the addition of each solution.  Dilute to 1 L, mix well, and adjust the pH to 7.5 ±
0.1, using 0.1N NaOH or HCl, as appropriate.  The final concentration of macronutrients and
micronutrients in the culture medium is given in Table 2.

3. Immediately filter the pH-adjusted medium through a 0.45 µm pore diameter membrane at a vacuum of
not more than 380 mm (15 in.) mercury, or at a pressure of not more than one-half atmosphere (8 psi). 
Wash the filter with 500 mL deionized water prior to use.

4. If the filtration is carried out with sterile apparatus, filtered medium can be used immediately, and no
further sterilization steps are required before the inoculation of the medium.  The medium can also be
sterilized by autoclaving after it is placed in the culture vessels.  If a 0.22 µg filter is used no
sterilization is needed.

5. Unused sterile medium should not be stored more than one week prior to use, because there may be
substantial loss of water by evaporation.
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 TABLE 1. NUTRIENT STOCK SOLUTIONS FOR MAINTAINING ALGAL STOCK CULTURES AND
TEST CONTROL CULTURES

 

STOCK COMPOUND AMOUNT DISSOLVED IN
SOLUTION 500 mL MILLI-Q  WATER®

1. MACRONUTRIENTS

A. MgCl @6H O 6.08 g2 2

CaCl @2H O 2.20 g2 2

NaNO 12.75 g3

B. MgSO @7H O 7.35 g4 2

C K HPO 0.522 g2 4

D. NaHCO 7.50 g3

2. MICRONUTRIENTS

H BO 92.8 mg3 3

MnCl 4H O 208.0 mg 2@ 2

ZnCl 1.64 mg2
1

FeCl @6H O 79.9  mg 3 2

CoCl @6H O 0.714 mg2 2
2

Na MoO @2H O 3.63 mg  2 4 2
3

CuCl @2H O 0.006 mg2 2
4

Na EDTA@2H O 150.0 mg2 2

Na SeO 1.196 mg2 4
5

ZnCl  - Weigh out 164 mg and dilute to 100 mL.  Add 1 mL of this1
2

 solution to Stock 2, micronutrients.
CoCl @6H O - Weigh out 71.4 mg and dilute to 100 mL.  Add 1 mL of2

2 2

 this solution to Stock 2, micronutrients.
Na MoO @2H O - Weigh out 36.6 mg and dilute to 10 mL.  Add 1 mL3

2 4 2

 of this solution to Stock 2, micronutrients.
CuCl @2H O - Weigh out 60.0 mg and dilute to 1000 mL.  Take 1 mL of4

2 2

 this solution and dilute to 10 mL.  Take 1 mL of the second dilution
 and add to Stock 2, micronutrients.

Na SeO  - Weigh out 119.6 mg and dilute to 100 mL.  Add 1 mL of this5
2 4

 solution to Stock 2, micronutrients.
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    TABLE 2. FINAL CONCENTRATION OF MACRONUTRIENTS AND MICRONUTRIENTS IN THE
CULTURE MEDIUM

MACRONUTRIENT CONCENTRATION ELEMENT CONCENTRATION
(mg/L) (mg/L)

NaNO 25.5 N 4.20 3

 
MgCl @6H O        12.2 Mg 2.90 2 2

 
CaCl @2H O 4.41 Ca 1.20 2 2

 
MgSO @7H O 14.7 S 1.91 4 2

 
K HPO              1.04 P 0.186 2 4

 
NaHCO          15.0 Na 11.0 3

 
                                  K 0.469 
 
                        C 2.14 
 
MICRONUTRIENT CONCENTRATION ELEMENT CONCENTRATION

(µg/L) (µg/L)
 
H BO 185.0 B 32.5 3 3

 
MnCl @4H O         416.0 Mn 115.02 2

ZnCl 3.27 Zn 1.57 2

 
CoCl @6H O        1.43 Co 0.3542 2

CuCl @2H O 0.012 Cu 0.004 2 2

 
Na MoO @2H O 7.26        Mo 2.88 2 4 2

 
FeCl @6H O 160.0 Fe 33.1 3 2

 
Na EDTA@2H O  300.0  --        ----2 2

Na SeO       2.39 Se 0.91 2 4

 



187

14.6.16.3  Stock Algal Cultures

14.6.16.3.1  See Section 6, Test Organisms, for information on sources of "starter" cultures of the green alga,
Selenastrum capricornutum.

14.6.16.3.2  Upon receipt of the "starter" culture (usually about 10 mL), a stock culture is initiated by aseptically
transferring 1 mL to a culture flask containing control algal culture medium (prepared as described above).  The
volume of stock culture medium initially prepared will depend upon the number of test flasks to be inoculated
later from the stock, or other planned uses, and may range from 25 mL in a 125 mL flask to 2 L in a 4-L flask. 
The remainder of the starter culture can be held in reserve for up to six months in a refrigerator (in the dark) at
4°C. 

14.6.16.3.3  Maintain the stock cultures at 25 ± 1°C, under continuous "Cool-White" fluorescent lighting of 86 ±
8.6 µE/m /s (400 ± 40 ft-c). Shake continuously at 100 cpm or twice daily by hand.2

 
14.6.16.3.4  Transfer 1 to 2 mL of stock culture weekly to 50 - 100 mL of new culture medium to maintain a
continuous supply of "healthy" cells for tests. Aseptic techniques should be used in maintaining the algal
cultures, and extreme care should be exercised to avoid contamination.  Examine the stock cultures with a
microscope for contaminating microorganisms at each transfer.

14.6.16.3.5  Viable unialgal culture material may be maintained for long periods of time if placed in a
refrigerator at 4°C. 

14.6.16.4  It is recommended that chronic toxicity tests be performed monthly with a reference toxicant.  Algal
cells four to seven days old are used to monitor the chronic toxicity (growth) of the reference toxicant to the
algal stock produced by the culture unit (see Section 4, Quality Assurance, Subsection 4.17).

14.6.16.5  Record Keeping

14.6.16.5.1  Records, kept in a bound notebook, include (1) dates culture media was prepared, (2) source of
"starter" cultures, (3) date stock cultures were started, (4) cell density in stock cultures, and (5) dates and results
of reference toxicant tests performed (see Section 4, Quality Assurance).

14.7  EFFLUENT AND RECEIVING WATER COLLECTION, PRESERVATION, AND STORAGE 

14.7.1  See Section 8, Effluent and Receiving Water Sampling, Sample Handling, and Sample Preparation for
Toxicity Tests.

14.8  CALIBRATION AND STANDARDIZATION 

14.8.1  See Section 4, Quality Assurance.

14.9  QUALITY CONTROL

14.9.1  See Section 4, Quality Assurance.

14.10  TEST PROCEDURES

14.10.1  TEST SOLUTIONS

14.10.1.1  Receiving Waters
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14.10.1.1.1  The sampling point is determined by the objectives of the test.  Receiving water toxicity is
determined with samples used directly as collected or after samples are passed through a 60 µm NITEX  filter®

and compared without dilution against a control.  Using four replicate chambers per test, each containing 100 ml
and 400 ml for chemical analyses, would require approximately 1 L or more of sample for the test. 

14.10.1.2  Effluents 

14.10.1.2.1  The selection of the effluent test concentrations should be based on the objectives of the study.  A
dilution factor of 0.5 is commonly used.  A dilution factor of 0.5 provides precision of ± 100%, and testing of
concentrations between 6.25% and 100% effluent using five effluent concentrations (6.25%, 12.5%, 25%, 50%,
and 100%).  Improvements in precision decline rapidly if the dilution factor is increased beyond 0.5 and
precision declines rapidly if a smaller dilution factor is used.  Therefore, USEPA recommends using a ≥ 0.5
dilution factor. 

14.10.1.2.2  If the effluent is known or suspected to be highly toxic, a lower range of effluent concentrations
should be used (such as 25%, 12.5%, 6.25%, 3.12%, and 1.56%).  If a high rate of mortality is observed during
the first 1 to 2 h of the test, additional dilutions should be added at the lower range of the effluent
concentrations.

14.10.1.2.3  The volume of effluent required for the test is 1 to 2 L.  Sufficient test solution (approximately 900
or 1500 mL) is prepared at each effluent concentration to provide 400 mL additional volume for chemical
analyses at the high, medium, and low test concentrations.  There is no daily renewal of test solution.  

14.10.1.2.4  Tests should begin as soon as possible, preferably within 24 h of sample collection.  The maximum
holding time following retrieval of the sample from the sampling device should not exceed 36 h for off-site
toxicity tests unless permission is granted by the permitting authority.  In no case should the sample be used in a
test more than 72 h after sample collection (see Section 8, Effluent and Receiving Water Sampling, Sample
Handling, and Sample Preparation for Toxicity Tests).

14.10.1.2.5  Just prior to test initiation (approximately 1 h) the temperature of sufficient quantity of the sample to
make test solutions should be adjusted to the test temperature and maintained at that temperature during the
addition of dilution water.

14.10.1.2.6  The DO of the test solutions should be checked prior to test initiation.  If any of the solutions are
supersaturated with oxygen or any solution has a DO concentration below 4.0 mg/L, all of the solutions and the
control must be gently aerated.

14.10.1.2.7  Effluents may be toxic and/or nutrient poor.  "Poor" growth in an algal toxicity test, therefore, may
be due to toxicity or nutrient limitation, or both.  To eliminate false negative results due to low nutrient
concentrations, 1 mL of each stock nutrient solution is added per liter of effluent prior to use in preparing the
test dilutions.  Thus, all test treatments and controls will contain at a minimum the concentration of nutrients in
the stock culture medium. 

14.10.1.2.8  If samples contain volatile substances, the test sample should be added below the surface of the
dilution water towards the bottom of the test container through an appropriate delivery tube.

14.10.1.3  Dilution Water

14.10.1.3.1  Dilution water may be stock culture medium, any uncontaminated receiving water, a standard
synthetic (reconstituted) water, or some other natural water (see Section 7, Dilution Water).  However, if water
other than the stock culture medium is used for dilution water, 1 mL of each stock nutrient solution should be
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added per liter of dilution water.  Natural waters used as dilution water must be filtered through a prewashed
filter, such as a GF/A, GF/C, or equivalent filter, that provides 0.45 µm particle size retention. 

14.10.1.3.2  If the growth of the algae in the test solutions is to be measured with an electronic particle counter,
the effluent and dilution water must be filtered through a GF/A or GF/C filter, or other filter providing 0.45 µm
particle size retention, and checked for "background" particle count before it is used in the test.  Glass-fiber
filters generally provide more rapid filtering rates and greater filtrate volume before plugging. 

14.10.1.4  Preparation of Inoculum 

14.10.1.4.1  The inoculum is prepared no more than 2 to 3 h prior to the beginning of the test, using Selenastrum
capricornutum harvested from a four- to-seven-day stock culture.  Each milliliter of inoculum must contain
enough cells to provide an initial cell density of approximately 10,000 cells/mL (± 10%) in the test flasks. 
Assuming the use of 250 mL flasks, each containing 100 mL of test solution, the inoculum must contain
1,000,000 cells/mL. 

14.10.1.4.2  Estimate the volume of stock culture required to prepare the inoculum.  As an example, if the four-
to-seven-day-old stock culture used as the source of the inoculum has a cell density of 2,000,000 cells/mL, a test
employing 24 flasks, each containing 100 mL of test medium and inoculated with a total of 1,000,000 cells,
would require 24,000,000 cells or 15 mL of stock solution (24,000,000/2,000,000) to provide sufficient inoculum. 
It is advisable to prepare a volume 20% to 50% in excess of the minimum volume required, to cover accidental
loss in transfer and handling. 

14.10.1.4.3  Prepare the inoculum as follows:

1. Centrifuge 15 mL of stock culture at 1000 x g for 5 min.  This volume will provide a 50% excess in the
number of cells. 

2. Decant the supernatant and resuspend the cells in 10 mL of control medium.
3. Repeat the centrifugation and decantation step, and resuspend the cells in 10 mL control medium.
4. Mix well and determine the cell density in the algal concentrate.  Some cells will be lost in the

concentration process. 
5. Determine the density of cells (cells/mL) in the stock culture (for this example, assume 2,000,000 per

mL).
6. Calculate the required volume of stock culture as follows:

Volume (mL) of Number test flasks Volume of test 10,000
Stock Culture = to be used × Solutions/flask × cells/mL

Required Cell density (cells/mL) in the stock culture

= 24 flasks × 100 mL/flask × 10,000 cells/mL  
2,000,000 cells/mL 

= 12.0 mL Stock Culture 

7. Dilute the cell concentrate as needed to obtain a cell density of 1,000,000 cells/mL, and check the cell
density in the final inoculum. 

8. The volume of the algal inoculum should be considered in calculating the dilution of toxicant in the test
flasks. 
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14.10.2  START OF THE TEST 

14.10.2.1  Label the test chambers with a marking pen and use the color-coded tape to identify each treatment
and replicate.  A minimum of five effluent concentrations and a control are used for each effluent test.  Each
treatment  (including the control) should have four (minimum of three) replicates.

14.10.2.2  Randomize the position of the test flasks at the beginning of the test (see Appendix A).  Preparation
of a position chart may be helpful.

14.10.2.3  The test begins when the algae are added to the test flasks.  Mix the inoculum well, and add 1 mL to
the test solution in each randomly arranged flask.  Make a final check of the cell density in three of the test
solutions at time "zero" (within 2 h of the inoculation). 

14.10.2.3.1  Alkalinity, hardness, and conductivity are measured at the beginning of the test in the high, medium,
and low effluent concentrations and control before they are dispensed to the test chambers and the data recorded
on the data sheet (Figure 1).

Discharger:     Test Dates: 
Location:    Analyst: 
                                                                      

Effluent Concentration

Parameter Control Remarks
Temperature
pH
Alkalinity
Hardness
Conductivity
Chlorine

Figure 1. Data form for the green alga, Selenastrum capricornutum,  growth test.  Routine chemical
and physical determinations.

14.10.3  LIGHT, PHOTOPERIOD, AND TEMPERATURE 

14.10.3.1  Test flasks are incubated under continuous illumination at 86 ± 8.6 µE/m /s (400 ± 40 ft-c), at 25 ±2

1°C, and should be shaken continuously at 100 cpm on a mechanical shaker or twice daily by hand.  Flask
positions in the incubator should be randomly rotated each day to minimize possible spatial differences in
illumination and temperature on growth rate.  If it can be verified that test specifications are met at all positions,
this need not be done.

14.10.4  DISSOLVED OXYGEN (DO) CONCENTRATION

14.10.4.1  Because of the continuous illumination of the test flasks, DO concentration should never be a problem
during the test and no aeration will be required.
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14.10.5  OBSERVATIONS DURING THE TEST

14.10.5.1  Routine Chemical and Physical Determinations

14.10.5.1.1  Temperature should be monitored continuously or observed and recorded daily for at least two
locations in the environmental control system or the samples.  Temperature should be checked in a sufficient
number of test vessels at least at the end of the test to determine variability in the environmental chamber.

14.10.5.1.2  Temperature and pH are measured at the end of each 24-h exposure period in at least one test flask
at each concentration and in the control.

14.10.5.1.3  Record all the measurements on the data sheet (Figure 1).

14.10.5.2  Biological Observations

14.10.5.2.1  Toxic substances in the test solutions may degrade or volatilize rapidly, and the inhibition in algal
growth may be detectable only during the first one or two days in the test.  It may be desirable, therefore, to
determine the algal growth response daily.  Otherwise, biological observations are not required until the test is
terminated and the test solutions are not renewed during the test period.
 
14.10.6  TERMINATION OF THE TEST 

14.10.6.1  The test is terminated 96 h after initiation.  The algal growth in each flask is measured by one of the
following methods:  (a) cell counts, (b) chlorophyll content, or (c) turbidity (light absorbance). 

14.10.6.2  Cell counts 

14.10.6.2.1  Automatic Particle Counters 

14.10.6.2.1.1  Several types of automatic electronic and optical particle counters are available for use in the rapid
determination of cell density (cells/mL) and mean cell volume (MCV) in µm /cell.  The Coulter Counter is3

widely used and is discussed in detail in USEPA (1978b). 

14.10.6.2.1.2  If biomass data are desired for algal growth potential measurements, a Model ZM Coulter Counter
is used.  However, the instrument must be calibrated with a reference sample of particles of known volume. 

14.10.6.2.1.3  When the Coulter Counter is used, an aliquot (usually 1 mL) of the test culture is diluted 10X to
20X with a l% sodium chloride electrolyte solution, such as ISOTON , to facilitate counting.  The resulting®

dilution is counted using an aperture tube with a 100-µm diameter aperture.  Each cell (particle) passing through
the aperture causes a voltage drop proportional to its volume.  Depending on the model, the instrument stores the
information on the number of particles and the volume of each, and calculates the mean cell volume.  The
following procedure is used: 

1. Mix the algal culture in the flask thoroughly by swirling the contents of the flask approximately six
times in a clockwise direction, and then six times in the reverse direction; repeat the two-step process at
least once.

2. At the end of the mixing process, stop the motion of the liquid in the flask with a strong brief reverse
mixing action, and quickly remove 1 mL of cell culture from the flask with a sterile pipet. 

3. Place the aliquot in a counting beaker, and add 9 mL (or 19 mL) of electrolyte solution (such as Coulter
ISOTON ). ®

4. Determine the cell density (and MCV, if desired).
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14.10.6.2.2  Manual microscope counting method 

14.10.6.2.2.1  Cell counts may be determined using a Sedgwick-Rafter, Palmer-Maloney, hemocytometer,
inverted microscope, or similar methods.  For details on microscope counting methods, see APHA (1992) and
USEPA (1973). Whenever feasible, 400 cells per replicate are counted to obtain ± 10% precision at the 95%
confidence level.  This method has the advantage of allowing for the direct examination of the condition of the
cells. 

14.10.6.3  Chlorophyll Content 

14.10.6.3.1  Chlorophyll may be estimated in-vivo fluorometrically, or in-vitro either fluorometrically or
spectrophotometrically.  In-vivo fluorometric measurements are recommended because of the simplicity and
sensitivity of the technique and rapidity with which the measurements can be made (Rehnberg et al., 1982). 

14.10.6.3.2  The in-vivo chlorophyll measurements are made as follows: 

1. Adjust the "blank" reading of the fluorometer using the filtrate from an equivalent dilution of effluent
filtered through a 0.45 µm particle retention filter.

2. Mix the contents of the test culture flask by swirling successively in opposite directions (at least three
times), and remove 1 mL of culture from the flask with a sterile pipet.

3. Place the aliquot in a small disposable vial and record the fluorescence as soon as the reading stabilizes. 
(Do not allow the sample to stand in the instrument more than 1 min). 

4. Discard the sample.

14.10.6.3.3  For additional information on chlorophyll measurement methods, (see APHA, 1992).

14.10.6.4  Turbidity (Absorbance) 

14.10.6.4.1  A second rapid technique for growth measurement involves the use of a spectrophotometer to
determine the turbidity, or absorbance, of the cultures at a wavelength of 750 nm.  Because absorbance is a
complex function of the volume, size, and pigmentation of the algae, it would be useful to construct a calibration
curve to establish the relationship between absorbance and cell density. 

14.10.6.4.2  The algal growth measurements are made as follows: 

1. A blank is prepared as described for the fluorometric analysis. 
2. The culture is thoroughly mixed as described above.
3. Sufficient sample is withdrawn from the test flask with a sterile pipet and transferred to a 1- to 5-cm

cuvette.
4. The absorbance is read at 750 nm and divided by the light path length of the cuvette, to obtain an

"absorbance-per-centimeter" value.
5. The 1-cm absorbance values are used in the same manner as the cell counts.

14.10.6.5  Record the data as indicated in Figure 2.

14.11   SUMMARY OF TEST CONDITIONS AND TEST ACCEPTABILITY CRITERIA

14.11.1  A summary of test conditions and test acceptability criteria is presented in Table 3.

14.12  ACCEPTABILITY OF TEST RESULTS 

14.12.1  For the test results to be acceptable, the algal cell density in the control flasks must exceed 1 X 106

cells/mL with EDTA or 2 X 10  cells/mL without EDTA at the end of the test, and not vary more than 20%5

among replicates.
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Discharger:    Test Dates: 
Location:     Analyst: 

Cell Density Measurement Treatment           
Concentration Replicate Mean Comments

1 2 3 4
 Control 
 Conc:
 Conc:
 Conc:
 Conc:
 Conc:

Comments:

   Figure 2. Data form for the green alga, Selenastrum capricornutum, growth test, cell density determinations.
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 TABLE 3. SUMMARY OF TEST CONDITIONS AND TEST ACCEPTABILITY CRITERIA FOR
GREEN ALGA, SELENASTRUM CAPRICORNUTUM, GROWTH TOXICITY TESTS WITH
EFFLUENTS AND RECEIVING WATERS

1. Test type: Static non-renewal

2. Temperature: 25 ± 1°C 

3. Light quality: "Cool white" fluorescent lighting 

4. Light intensity: 86 ± 8.6 µE/m /s (400 ± 40 ft-c or 4306 lux) 2

5. Photoperiod: Continuous illumination 

6. Test chamber size: 125 mL or 250 mL 

7. Test solution volume: 50 mL or 100 mL  1

8. Renewal of test solutions: None 

9. Age of test organisms: 4 to 7 days 

10. Initial cell density in 
test chambers: 10,000 cells/mL

11. No. replicate chambers                   
per concentration: 4 (minimum of 3)

12. Shaking rate: 100 cpm continuous, or twice daily by hand 

13. Aeration: None

14. Dilution water: Algal stock culture medium, enriched
uncontaminated source of receiving or other
natural water, synthetic water prepared using
MILLIPORE MILLI-Q  or equivalent deionized®

water and reagent grade chemicals, or DMW (see
Section 7, Dilution Water)

 
For tests not continuously shaken use 25 mL in 125 mL flasks and 50 mL in 250 mL flasks.1
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 TABLE 3. SUMMARY OF TEST CONDITIONS AND TEST ACCEPTABILITY CRITERIA FOR
GREEN ALGA, SELENASTRUM CAPRICORNUTUM, GROWTH TOXICITY TESTS WITH
EFFLUENTS AND RECEIVING WATERS (CONTINUED) 

 15. Test concentrations: Effluents: Minimum of 5 and a control
Receiving Water: 100% receiving water or minimum of
5 and a control

16. Test dilution factor: Effluents:  ≥ 0.5
Receiving Waters:  None or ≥ 0.5

17. Test duration: 96 h
 
18. Endpoint: Growth (cell counts, chlorophyll fluorescence,

absorbance, biomass) 
 
19. Test acceptability            

criteria: 1 X 10  cells/mL with EDTA or 2 X 10  cells/mL6 5

without EDTA in the controls:  Variability of controls
should not exceed 20%

       
20. Sampling requirements: For on-site tests, one sample collected at test initiation,

and used within 24 h of the time it is removed from the
sampling device.  For off-site tests, holding time must
not exceed 36 h (see Section 8, Effluent and Receiving
Water Sampling, Sample Handling, and Sample
Preparation for Toxicity Tests, Subsection 8.5.4)

21. Sample volume required: 1 or 2 L depending on test volume



196

14.13  DATA ANALYSIS 

14.13.1  GENERAL 

14.13.1.1  Tabulate and summarize the data.  A sample set of algal growth response data is shown in Table 4.

 TABLE 4.  GREEN ALGA, SELENASTRUM CAPRICORNUTUM, GROWTH RESPONSE DATA

Toxicant Concentration (µg Cd/L)

Replicate Control 5 10 20 40 80 

A 1209 1212 826 493 127 49.3 
B 1180 1186 628 416 147 40.0 
C 1340 1204 816 413 147 44.0 

Log A 3.082 3.084 2.917 2.693 2.104 1.69310

Trans- B 3.072 3.074 2.798 2.619 2.167 1.602 
formed C 3.127 3.081 2.912 2.616 2.167 1.643 

Mean( ) 3.094 3.080 2.876 2.643 2.146 1.646 

14.13.1.2  The endpoints of toxicity tests using the green alga, Selenastrum capricornutum, are based on the
adverse effects on cell growth (see Section 9, Chronic Toxicity Test Endpoints and Data Analysis).  The EC50,
the IC25, and the IC50 are calculated using the point estimation techniques, and LOEC and NOEC values for
growth are obtained using a hypothesis testing approach such as Dunnett's Procedure (Dunnett, 1955) or Steel's
Many-one Rank Test (Steel, 1959; Miller, 1981).  Separate analyses are performed for the estimation of the
LOEC and NOEC endpoints and for the estimation of the EC50, IC25, and IC50.  See the Appendices for
examples of the manual computations, and examples of data input and program output. 
 
14.13.1.3  The statistical tests described here must be used with a knowledge of the assumptions upon which the
tests are contingent.  Tests for normality and homogeneity of variance are included in Appendix B.  The
assistance of a statistician is recommended for analysts who are not proficient in statistics. 

14.13.2  EXAMPLE OF ANALYSIS OF ALGAL GROWTH DATA 

14.13.2.1  Formal statistical analysis of the growth data is outlined on the flowchart in Figure 3. The response
used in the statistical analysis is the number of cells per milliliter per replicate.  Separate analyses are performed
for the estimation of the NOEC and LOEC endpoints and for the estimation of the IC25 and IC50 endpoints.

14.13.2.2  The statistical analysis using hypothesis tests consists of a parametric test, Dunnett's Procedure, and a
nonparametric test, Steel's Many-one Rank Test.  The underlying assumptions of the Dunnett's Procedure,
normality and homogeneity of variance, are formally tested.  The test for normality is the Shapiro-Wilk's Test,
and Bartlett's Test is used to test for homogeneity of variance.  If either of these tests fails, the nonparametric
test, Steel's Many-one Rank Tests, is used to determine the NOEC and LOEC endpoints.  If the assumptions of
Dunnett's Procedure are met, the endpoints are determined by the parametric test.
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Figure 3. Flowchart for statistical analysis of the green alga, Selenastrum capricornutum, growth response data.
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14.13.2.3  Additionally, if unequal numbers of replicates occur among the concentration levels tested there are
parametric and nonparametric alternative analyses.  The parametric analysis is a t test with the Bonferroni
adjustment (see Appendix D).  The Wilcoxon Rank Sum Test with the Bonferroni adjustment is the
nonparametric alternative (see Appendix F).
 
14.13.2.4  Data from an algal growth test with cadmium chloride will be used to illustrate the statistical analysis. 
The cell counts were log  transformed in an effort to stabilize the variance for the ANOVA analysis.  The raw10

data, log  transformed data, mean and standard deviation of the observations at each concentration including the10

control are listed in Table 4.  A plot of the log  transformed cell counts for each treatment is provided in10

Figure 4.

14.13.2.5  Test for Normality

14.13.2.5.1  The first step of the test for normality is to center the observations by subtracting the mean of all
the observations within a concentration from each observation in that concentration.  The centered observations
are summarized in Table 5.

        TABLE 5.  CENTERED OBSERVATIONS FOR SHAPIRO-WILK'S EXAMPLE 
 
                                 Toxicant Concentration (µg Cd/L)      
 

Replicate Control 5 10 20 40 80 
 

A -0.012 0.004 0.041 0.050 -0.042 0.047 
B -0.022 -0.006 -0.078 -0.024 0.021 -0.044 
C 0.033 0.001 0.036 -0.027 0.021 -0.003 

14.13.2.5.2  Calculate the denominator, D, of the test statistic:

    Where: X  = the ith centered observation i

             
              X&  = the overall mean of the centered observations 

              n  = the total number of centered observations. 

For this set of data,     n = 18 
                           

  D = 0.0214 

14.13.2.5.3  Order the centered observations from smallest to largest: 

                  X  ≤ X  ≤ ... ≤ X  (1) (2) (n)

Where X  is the ith ordered observation.  These ordered observations are listed in Table 6.(i)
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Figure 4.  Plot of the log transformed cell count data from the green alga, Selenastrum capricornutum, growth response test in Table 4.10 
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   TABLE 6.  ORDERED CENTERED OBSERVATIONS FOR SHAPIRO-WILK'S EXAMPLE

i X i X  (i) (i)

1 -0.078 10 0.001 
2 -0.044 11 0.004 
3 -0.042 12 0.021 
4 -0.027 13 0.021 
5 -0.024 14 0.033 
6 -0.022 15 0.036 
7 -0.012 16 0.041 
8 -0.006 17 0.047 
9 -0.003 18 0.050 

   TABLE 7.  COEFFICIENTS AND DIFFERENCES FOR SHAPIRO-WILK'S EXAMPLE 

i a X  - X  i
(n-i+1) (i)

 
1 0.4886 0.128 X - X  (18) (1)

2 0.3253 0.091 X - X  (17) (2)

3 0.2553 0.083 X - X  (16) (3)

4 0.2027 0.063 X - X  (15) (4)

5 0.1587 0.057 X - X  (14) (5)

6 0.1197 0.043 X - X  (13) (6)

7 0.0837 0.033 X - X  (12) (7)

8 0.0496 0.010 X - X  (11) (8)

9 0.0163 0.004 X - X  (10) (9)

14.13.2.5.4  From Table 4, Appendix B, for the number of observations, n, obtain the coefficients a , a , ..., a 1  2 k

where k is n/2 if n is even and (n-1)/2 if n is odd.  For the data in this example, n = 18 , k = 9.  The a  valuesi

are listed in Table 7.

14.13.2.5.5  Compute the test statistic, W, as follows: 

The differences X  - X  are listed in Table 7.(n-i+1) (i)

For this set of data:
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14.13.2.5.6  The decision rule for this test is to compare W with the critical value found in Table 6, Appendix B. 
If the computed W is less than the critical value, conclude that the data are not normally distributed.  For this
example, the critical value at a significance level of 0.01 and 18 observations (n) is 0.858.  Since W = 0.964 is
greater than the critical value, the conclusion of the test is that the data are normally distributed. 

14.13.2.6  Test for Homogeneity of Variance 

14.13.2.6.1  The test used to examine whether the variation in mean cell count is the same across all toxicant
concentrations including the control, is Bartlett's Test (Snedecor and Cochran, 1980).  The test statistic is as
follows: 

  Where: V = degrees of freedom for each toxicant concentration and  control, V  = (n  - 1) i i i

p = number of levels of toxicant concentration including the control

n = the number of replicates for concentration i i

ln = log  e

i = 1, 2, ..., p, where p is the number of concentrations including the control

14.13.2.6.2  For the data in this example, (see Table 4) all toxicant concentrations including the control have the
same number of replicates (n  = 3 for all i).  Thus, V  = 2 for all i. i i

14.13.2.6.3  Bartlett's statistic is therefore: 

      

= [12(-6.3200) - 2(-41.9082)]/1.194 

= 7.9764/1.194 

= 6.6804

14.13.2.6.4  B is approximately distributed as chi-square with p - 1 degrees of freedom, when the variances are
in fact the same.  Therefore, the appropriate critical value for this test, at a significance level of 0.01 with five
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TABLE 8.  ANOVA TABLE

Source df Sum of Squares Mean Square(MS) 
(SS)         (SS/df) 

                                                     
Between p - 1 SSB S  = SSB/(p-1) B

2

Within N - p SSW S  = SSW/(N-p) W
2

Total N - 1 SST 

 

degrees of freedom, is 15.09.  Since B = 6.6804 is less than the critical value of 15.09, conclude that the
variances are not different. 

14.13.2.7  Dunnett's Procedure 

14.13.2.7.1  To obtain an estimate of the pooled variance for Dunnett's Procedure, construct an ANOVA table as
described in Table 8.

Where: p =  number of toxicant concentrations including the control 

N =  total number of observations n  + n  ... + n  1 2 p

n   =  number of observations in concentration i i

Between Sum of Squares

Total Sum of Squares

Within Sum of Squares 

G = the grand total of all sample observations, 

T = the total of the replicate measurements for concentration i i

Y = the jth observation for concentration i (represents the cell count for toxicant concentration i in testij

chamber j) 
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14.13.2.7.2  For the data in this example: 

n = n  = n  = n  = n  = n  = 3 1  2  3 4 5  6

N = 18 

T = Y  + Y  + Y  = 9.281 1 11 12 13

T = Y  + Y  + Y  = 9.239 2 21 22 23

T = Y  + Y  + Y  = 8.627 3 31 32 33

T =  Y  + Y  + Y  = 7.928 4 41 42 43

T = Y  + Y  + Y  = 6.438 5 51 52 53

T = Y  + Y  + Y  = 4.938 6 61 62 63

G = T  + T  + T  + T  + T  + T  = 46.451 1 2 3 4 5 6

 = 5.018 - 4.997 = 0.0210 

S = SSB/(p-1) = 4.996/(6-1) = 0.9990 B
2

S = SSW/(N-p) = 0.021/(18-6) = 0.0018 W
2

14.13.2.7.3  Summarize these calculations in the ANOVA table (Table 9).
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TABLE 10.  CALCULATED T VALUES

Toxicant Concentration i t  i
(µg Cd/L) 

5 2 0.405 
10 3 6.300 
20 4 13.035 
40 5 27.399 
80 6 41.850 

 

TABLE 9.  ANOVA TABLE FOR DUNNETT’S PROCEDURE EXAMPLE

Source df Sum of Squares Mean Square (MS)
(SS) (SS/df)

Between 5 4.997 0.999
Within 12 0.021 0.0018

Total 17 5.017

14.13.2.7.4  To perform the individual comparisons, calculate the t statistic for each concentration, and control
combination as follows:

 
Where:   = mean cell count for toxicant concentration i 

 = mean cell count for the control 

          S   = square root of the within mean square W

           n   = number of replicates for the control 1

           n   = number of replicates for concentration i.i

14.13.2.7.5  Table 10 includes the calculated t values for each concentration and control combination.  In this
example, comparing the 5 µg/L concentration with the control the calculation is as follows:

14.13.2.7.6  Since the purpose of this test is to detect a significant reduction in mean cell count, a one-sided test
is appropriate.  The critical value for this one-sided test is found in Table 5, Appendix C.  For an overall alpha
level of 0.05, 12 degrees of freedom for error and five concentrations (excluding the control) the critical value is
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2.50.  The mean count for concentration i is considered significantly less than the mean count for the control if ti

is greater than the critical value.  Since t , t , t  and t  are greater than 2.50, the 10, 20, 40 and 80 µg/L 3  4  5  6

concentrations have significantly lower mean cell counts than the control.  Hence the NOEC and the LOEC for
the test are 5 µg/L and 10 µg/L, respectively. 

14.13.2.7.7  To quantify the sensitivity of the test, the minimum significant difference (MSD) that can be
statistically detected may be calculated.

Where:  d = the critical value for Dunnett's Procedure 

          S = the square root of the within mean square W

           n = the common number of replicates at each concentration (this assumes equal replication at
each concentration) 

           n = the number of replicates in the control. 1

14.13.2.7.8  In this example:

= 2.50 (0.0424)(0.8165)

= 0.086

14.13.2.7.9  The MSD (0.086) is in transformed units.  An approximate MSD in terms of cell count per 100 mL
may be calculated via the following conversion.

1. Subtract the MSD from the transformed control mean. 
 

3.094 - 0.086 = 3.008 

2. Obtain the untransformed values for the control mean and the difference calculated in 1. 

10  = 1241.6 (3.094)

10  = 1018.6 (3.008)

3. The untransformed MSD (MSD ) is determined by subtracting the untransformed values from 2. u

MSU  = 1241.6 - 1018.6 = 223 u

14.13.2.7.10  Therefore, for this set of data, the minimum difference in mean cell count between the control and
any toxicant concentration that can be detected as statistically significant is 223.

14.13.2.7.11  This represents a decrease in growth of 18% from the control. 

14.13.2.8  Calculation of the ICp
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TABLE 11. ALGAL MEAN GROWTH RESPONSE AFTER SMOOTHING
Response Smoothed  

Toxicant Concentration i means, mean, M   i

(µg Cd/L) (cells/ml) (cells/ML)
Control 1 1243 1243

5 2 1201 1201
10 3 757 757
20 4 441 441
40 5 140 140
80 6 44 44

 

14.13.2.8.1  The growth data in Table 4 are utilized in this example.  Table 11 contains the means for each
toxicant concentration.  As can be seen, the observed means are monotonically non-increasing with respect to
concentration.  Therefore, it is not necessary to smooth the means prior to calculating the ICp.  See Figure 5 for
a plot of the response curve.

14.13.2.8.2  An IC25 and IC50 can be estimated using the Linear Interpolation Method (Appendix M).  A 25%
reduction in cell count, compared to the controls, would result in a mean count of 932 cells, where M (1-p/100)1

= 1243(1-25/100).  A 50% reduction in cell count, compared to the controls, would result in a mean count of
622 cells.  Examining the means and their associated concentrations (Table 11), the response, 932 cells, is
bracketed by C  = 5 Fg Cd/L and C  = 10 Fg Cd/L.  The response, 622 cells, is bracketed by C  = 10 Fg Cd/L2 3 3

and C  = 20 Fg Cd/L.4

14.13.2.8.3  Using the equation from section 4.2 of Appendix M, the estimate of the IC25 is calculated as
follows:

 

= 8 Fg Cd/L.

14.13.2.8.4  The IC50 estimate is 14 Fg Cd/L:

 

= 14 µg Cd/L.
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14.13.2.8.5  When the ICPIN program was used to analyze this set of data, requesting 80 resamples, the estimate
of the IC25 was 8.0227 Fg Cd/L. The empirical 95% confidence interval for the true mean was 6.4087 Fg Cd/L
and 10.0313 Fg Cd/L.  The ICPIN computer program output for the IC25 for this data set is shown in Figure 6.

14.13.2.8.6  When the ICPIN program was used to analyze this set of data, requesting 80 resamples, the estimate
of the IC50 was 14.2774 µg Cd/L.  The empirical 95% confidence interval for the true mean was 9.7456 Fg
Cd/L and 18.5413 Fg Cd/L.  The computer program output for the IC50 for this data set is shown in Figure 7.

14.13.3  BIOSTIMULATION

14.13.3.1  Where the growth response in effluent (or surface water) exceeds growth in the control flasks, the
percent stimulation, S(%), is calculated as shown below.  Values which are significantly greater than the control
indicate a possible degrading enrichment effect on the receiving water (Walsh et al., 1980):

Where: T = Mean effluent or surface water response

C = Mean control response

14.14  PRECISION AND ACCURACY

14.14.1  PRECISION 

14.14.1.1  Single-Laboratory Precison

14.14.1.1.1  Data from repetitive 96-h toxicity tests conducted with cadmium chloride as the reference toxicant,
using medium containing EDTA, are shown in Table 12.  The precision (CV) of the 10 EC50s was 10.2%.

14.14.1.2  MultiLaboratory Precision

14.14.1.2.1  Data on the multilaboratory precision of this test are not yet available.

14.14.2  ACCURACY 

14.14.2.1  The accuracy of toxicity tests cannot be determined.
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Conc. ID             1         2         3         4         5         6

Conc. Tested         0         5        10        20        40        80

Response  1       1209      1212       826       493       127      49.3
Response  2       1180      1186       628       416       147      40.0
Response  3       1340      1204       816       413       147      44.0

*** Inhibition Concentration Percentage Estimate ***
Toxicant/Effluent: Cadmium
Test Start Date: Example   Test Ending Date: 
Test Species: Selenastrum capricornutum
Test Duration:            96 h
DATA FILE: scmanual.icp
OUTPUT FILE: scmanual.i25

Conc.     Number     Concentration     Response      Std.       Pooled
 ID     Replicates            :g/l       Means       Dev.   Response Means

  1          3             0.000       1243.000     85.247   1243.000
  2          3             5.000       1200.667     13.317   1200.667
  3          3            10.000        756.667    111.541    756.667
  4          3            20.000        440.667     45.347    440.667
  5          3            40.000        140.333     11.547    140.333
  6          3            80.000         44.433      4.665     44.433

The Linear Interpolation Estimate:     8.0227   Entered P Value: 25

Number of Resamplings:   80
The Bootstrap Estimates Mean:   8.1627 Standard Deviation:     0.4733
Original Confidence Limits:   Lower:     7.2541 Upper:     8.9792
Expanded Confidence Limits:   Lower:     6.4087 Upper:    10.0313
Resampling time in Seconds:     1.65  Random Seed: -1575623987

Figure 6.  ICPIN program output for the IC25.
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Conc. ID             1         2         3         4         5         6

Conc. Tested         0         5        10        20        40        80

Response  1       1209      1212       826       493       127      49.3
Response  2       1180      1186       628       416       147      40.0
Response  3       1340      1204       816       413       147      44.0

*** Inhibition Concentration Percentage Estimate ***
Toxicant/Effluent: Cadmium
Test Start Date: Example   Test Ending Date: 
Test Species: Selenastrum capricornutum
Test Duration:            96 h
DATA FILE: scmanual.icp
OUTPUT FILE: scmanual.i50

Conc.     Number     Concentration     Response      Std.       Pooled
 ID     Replicates            :g/l       Means       Dev.   Response Means

  1          3             0.000       1243.000     85.247   1243.000
  2          3             5.000       1200.667     13.317   1200.667
  3          3            10.000        756.667    111.541    756.667
  4          3            20.000        440.667     45.347    440.667
  5          3            40.000        140.333     11.547    140.333
  6          3            80.000         44.433      4.665     44.433

The Linear Interpolation Estimate:    14.2774   Entered P Value: 50

Number of Resamplings:   80
The Bootstrap Estimates Mean:  14.2057 Standard Deviation:     1.1926
Original Confidence Limits:   Lower:    12.1194 Upper:    16.3078
Expanded Confidence Limits:   Lower:     9.7456 Upper:    18.5413
Resampling time in Seconds:     1.65  Random Seed: -1751550803

 

Figure 7.  ICPIN program output for the IC50.
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 TABLE 12. SINGLE LABORATORY PRECISION OF THE GREEN ALGA,
SELENASTRUM CAPRICORNUTUM, 96-H TOXICITY TESTS, USING THE
REFERENCE  TOXICANT CADMIUM CHLORIDE (USEPA, 1991a)

Test Number EC  (mg/L)50

1 2.3

2 2.4

3 2.3

4 2.8

5 2.6

6 2.1

7 2.1

8 2.1

9 2.6

10 2.4

n 10.0
Mean 2.37

CV (%) 10.2
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APPENDIX A

INDEPENDENCE, RANDOMIZATION, AND OUTLIERS

1.  STATISTICAL INDEPENDENCE

1.1  Dunnett's Procedure and the t test with Bonferroni's adjustment are parametric procedures based on the
assumptions that (1) the observations within treatments are independent and normally distributed, and (2) that the
variance of the observations is homogeneous across all toxicant concentrations and the control.  Of the three
possible departures from the assumptions, non-normality, heterogeneity of variance, and lack of independence,
those caused by lack of independence are the most difficult to resolve (see Scheffe, 1959).  For toxicity data,
statistical independence means that given knowledge of the true mean for a given concentration or control,
knowledge of the error in any one actual observation would provide no information about the error in any other
observation.  Lack of independence is difficult to assess and difficult to test for statistically.  It may also have
serious effects on the true alpha or beta level.  Therefore, it is of utmost importance to be aware of the need for
statistical independence between observations and to be constantly vigilant in avoiding any patterned
experimental procedure that might compromise independence.  One of the best ways to help ensure independence
is to follow proper randomization procedures throughout the test.  

2.  RANDOMIZATION 

2.1  Randomization of the distribution of test organisms among test chambers and the arrangement of treatments
and replicate chambers is an important part of conducting a valid test.  The purpose of randomization is to avoid
situations where test organisms are placed serially into test chambers, or where all replicates for a test
concentration are located adjacent to one another, which could introduce bias into the test results.

2.2  An example of randomization of the distribution of test organisms among test chambers, and an example of
randomization of arrangement of treatments and replicate chambers are described using the Fathead Minnow
Larval Survival and Growth test.  For the purpose of the example, the test design is as follows:  five effluent
concentrations are tested in addition to the control.  The effluent concentrations are as follows:  6.25%, 12.5%,
25.0%, 50.0%, and 100.0%.  There are four replicate chambers per treatment.  Each replicate chamber contains
ten fish.

2.3  RANDOMIZATION OF FISH TO REPLICATE CHAMBERS EXAMPLE

2.3.1  Consider first the random assignment of the fish to the replicate chambers.  The first step is to label each
of the replicate chambers with the control or effluent concentration and the replicate number.  The next step is to
assign each replicate chamber four double-digit numbers.  An example of this assignment is provided in
Table A.1.  Note that the double digits 00 and 97 through 99 were not used.



227

     TABLE A.1. RANDOM ASSIGNMENT OF FISH TO REPLICATE CHAMBERS
EXAMPLE ASSIGNED NUMBERS FOR EACH REPLICATE CHAMBER

Assigned Numbers Replicate Chamber
01, 25, 49, 73 Control, replicate chamber 1 
02, 26, 50, 74 Control, replicate chamber 2
03, 27, 51, 75 Control, replicate chamber 3
04, 28, 52, 76 Control, replicate chamber 4
05, 29, 53, 77 6.25% effluent, replicate chamber 1
06, 30, 54, 78 6.25% effluent, replicate chamber 2
07, 31, 55, 79 6.25% effluent, replicate chamber 3
08, 32, 56, 80 6.25% effluent, replicate chamber 4
09, 33, 57, 81 12.5% effluent, replicate chamber 1
10, 34, 58, 82 12.5% effluent, replicate chamber 2
11, 35, 59, 83 12.5% effluent, replicate chamber 3
12, 36, 60, 84 12.5% effluent, replicate chamber 4
13, 37, 61, 85 25.0% effluent, replicate chamber 1
14, 38, 62, 86 25.0% effluent, replicate chamber 2
15, 39, 63, 87 25.0% effluent, replicate chamber 3
16, 40, 64, 88 25.0% effluent, replicate chamber 4
17, 41, 65, 89 50.0% effluent, replicate chamber 1
18, 42, 66, 90 50.0% effluent, replicate chamber 2
19, 43, 67, 91 50.0% effluent, replicate chamber 3
20, 44, 68, 92 50.0% effluent, replicate chamber 4
21, 45, 69, 93 100.0% effluent, replicate chamber 1
22, 46, 70, 94 100.0% effluent, replicate chamber 2
23, 47, 71, 95 100.0% effluent, replicate chamber 3
24, 48, 72, 96 100.0% effluent, replicate chamber 4

2.3.2  The random numbers used to carry out the random assignment of fish to replicate chambers are provided
in Table A.2.  The third step is to choose a starting position in Table A.2, and read the first double digit number. 
The first number read identifies the replicate chamber for the first fish taken from the tank.  For the example, the
first entry in row 2 was chosen as the starting position.  The first number in this row is 37.  According to
Table A.1, this number corresponds to replicate chamber 1 of the 25.0% effluent concentration.  Thus, the first
fish taken from the tank is to be placed in replicate chamber 1 of the 25.0% effluent concentration.

2.3.3  The next step is to read the double digit number to the right of the first one.  The second number
identifies the replicate chamber for the second fish taken from the tank.  Continuing the example, the second
number read in row 2 of Table A.2 is 54.  According to Table A.1, this number corresponds to replicate chamber
2 of the 6.25% effluent concentration.  Thus, the second fish taken from the tank is to be placed in replicate
chamber 2 of the 6.25% effluent concentration.
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TABLE A.2.  TABLE OF RANDOM NUMBERS (Dixon and Massey, 1983)

        10 09 73 25 33  76 52 01 35 86  34 67 35 43 76  80 95 90 91 17  39 29 27 49 45
        37 54 20 48 05  64 89 47 42 96  24 80 52 40 37  20 63 61 04 02  00 82 29 16 65
        08 42 26 89 53  19 64 50 93 03  23 20 90 25 60  15 95 33 47 64  35 08 03 36 06
        99 01 90 25 29  09 37 67 07 15  38 31 13 11 65  88 67 67 43 97  04 43 62 76 59
        12 80 79 99 70  80 15 73 61 47  64 03 23 66 53  98 95 11 68 77  12 27 17 68 33
        66 06 57 47 17  34 07 27 68 50  36 69 73 61 70  65 81 33 98 85  11 19 92 91 70
        31 06 01 08 05  45 57 18 24 06  35 30 34 26 14  86 79 90 74 39  23 40 30 97 32
        85 26 97 76 02  02 05 16 56 92  68 66 57 48 18  73 05 38 52 47  18 62 38 85 79
        63 57 33 21 35  05 32 54 70 48  90 55 35 75 48  28 46 82 87 09  83 49 12 56 24
        73 79 64 57 53  03 52 96 47 78  35 80 83 42 82  60 93 52 03 44  35 27 38 84 35
        98 52 01 77 67  14 90 56 86 07  22 10 94 05 58  60 97 09 34 33  50 50 07 39 98
        11 80 50 54 31  39 80 82 77 32  50 72 56 82 48  29 40 52 42 01  52 77 56 78 51
        83 45 29 96 34  06 28 89 80 83  13 74 67 00 78  18 47 54 06 10  68 71 17 78 17
        88 68 54 02 00  86 50 75 84 01  36 76 66 79 51  90 36 47 64 93  29 60 91 10 62
        99 59 46 73 48  87 51 76 49 69  91 82 60 89 28  93 78 56 13 68  23 47 83 41 13
        65 48 11 76 74  17 46 85 09 50  58 04 77 69 74  73 03 95 71 86  40 21 81 65 44
        80 12 43 56 35  17 72 70 80 15  45 31 82 23 74  21 11 57 82 53  14 38 55 37 63
        74 35 09 98 17  77 40 27 72 14  43 23 60 02 10  45 52 16 42 37  96 28 60 26 55
        69 91 62 68 03  66 25 22 91 48  36 93 68 72 03  76 62 11 39 90  94 40 05 64 18
        09 89 32 05 05  14 22 56 85 14  46 42 75 67 88  96 29 77 88 22  54 38 21 45 98
        91 49 91 45 23  68 47 92 76 86  46 16 28 35 54  94 75 08 99 23  37 08 92 00 48
        80 33 69 45 98  26 94 03 68 58  70 29 73 41 35  53 14 03 33 40  42 05 08 23 41
        44 10 48 19 49  85 15 74 79 54  32 97 92 65 75  57 60 04 08 81  22 22 20 64 13
        12 55 07 37 42  11 10 00 20 40  12 86 07 46 97  96 64 48 94 39  28 70 72 58 15
        63 60 64 93 29  16 50 53 44 84  40 21 95 25 63  43 65 17 70 82  07 20 73 17 90
        61 19 69 04 46  26 45 74 77 74  51 92 43 37 29  65 39 45 95 93  42 58 26 05 27
        15 47 44 52 66  95 27 07 99 53  59 36 78 38 48  82 39 61 01 18  33 21 15 94 66
        94 55 72 85 73  67 89 75 43 87  54 62 24 44 31  91 19 04 25 92  92 92 74 59 73
        42 48 11 62 13  97 34 40 87 21  16 86 84 87 67  03 07 11 20 59  25 70 14 66 70
        23 52 37 83 17  73 20 88 98 37  68 93 59 14 16  26 25 22 96 63  05 52 28 25 62
        04 49 35 24 94  75 24 63 38 24  45 86 25 10 25  61 96 27 93 35  65 33 71 24 72
        00 54 99 76 54  64 05 18 81 59  96 11 96 38 96  54 69 28 23 91  23 28 72 95 29
        35 96 31 53 07  26 89 80 93 45  33 35 13 54 62  77 97 45 00 24  90 10 33 93 33
        59 80 80 83 91  45 42 72 68 42  83 60 94 97 00  13 02 12 48 92  78 56 52 01 06
        46 05 88 52 36  01 39 09 22 86  77 28 14 40 77  93 91 08 36 47  70 61 74 29 41
        32 17 90 05 97  87 37 92 52 41  05 56 70 70 07  86 74 31 71 57  85 39 41 18 38
        69 23 46 14 06  20 11 74 52 04  15 95 66 00 00  18 74 39 24 23  97 11 89 63 38
        19 56 54 14 30  01 75 87 53 79  40 41 92 15 85  66 67 43 68 06  84 96 28 52 07
        45 15 51 49 38  19 47 60 72 46  43 66 79 45 43  59 04 79 00 33  20 82 66 95 41
        94 86 43 19 94  36 16 81 08 51  34 88 88 15 53  01 54 03 54 56  05 01 45 11 76
        98 08 62 48 26  45 24 02 84 04  44 99 90 88 96  39 09 47 34 07  35 44 13 18 80
        33 18 51 62 32  41 94 15 09 49  89 43 54 85 81  88 69 54 19 94  37 54 87 30 43
        80 95 10 04 06  96 38 27 07 74  20 15 12 33 87  25 01 62 52 98  94 62 46 11 71
        79 75 24 91 40  71 96 12 82 96  69 86 10 25 91  74 85 22 05 39  00 38 75 95 79
        18 63 33 25 37  98 14 50 65 71  31 01 02 46 74  05 45 56 14 27  77 93 89 19 36
        74 02 94 39 02  77 55 73 22 70  97 79 01 71 19  52 52 75 80 21  80 81 45 17 48
        54 17 84 56 11  80 99 33 71 43  05 33 51 29 69  56 12 71 92 55  36 04 09 03 24
        11 66 44 98 83  52 07 98 48 27  59 38 17 15 39  09 97 33 34 40  88 46 12 33 56
        48 32 47 79 28  31 24 96 47 10  02 29 53 68 70  32 30 75 75 46  15 02 00 99 94
        69 07 49 41 38  87 63 79 19 76  35 58 40 44 01  10 51 82 16 15  01 84 87 69 38
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 TABLE A.4 RANDOM ASSIGNMENT OF REPLICATE CHAMBERS TO POSITIONS: EXAMPLE
LABELLING THE POSITIONS WITHIN THE WATER BATH

1 2 3 4 5 6

7 8 9 10 11 12

13 14 15 16 17 18

19 20 21 22 23 24

2.3.4  Continue in this fashion until all the fish have been randomly assigned to a replicate chamber.  In order to
fill each replicate chamber with ten fish, the assigned numbers will be used more than once.  If a number is read
from the table that was not assigned to a replicate chamber, then ignore it and continue to the next number.  If a
replicate chamber becomes filled and a number is read from the table that corresponds to it, then ignore that
value and continue to the next number.  The first ten random assignments of fish to replicate chambers for the
example are summarized in Table A.3.

 TABLE A.3. EXAMPLE OF RANDOM ASSIGNMENT OF FIRST TEN FISH TO
REPLICATE CHAMBERS

Fish Assignment
First fish taken from tank 25.0% effluent, replicate chamber 1
Second fish taken from tank 6.25% effluent, replicate chamber 2
Third fish taken from tank 50.0% effluent, replicate chamber 4
Fourth fish taken from tank 100.0% effluent, replicate chamber 4
Fifth fish taken from tank 6.25% effluent, replicate chamber 1
Sixth fish taken from tank 25.0% effluent, replicate chamber 4
Seventh fish taken from tank 50.0% effluent, replicate chamber 1
Eighth fish taken from tank 100.0% effluent, replicate chamber 3
Ninth fish taken from tank 50.0% effluent, replicate chamber 2
Tenth fish taken from tank 100.0% effluent, replicate chamber 4

2.3.5  Four double-digit numbers were assigned to each replicate chamber (instead of one, two, or three double-
digit numbers) in order to make efficient use of the random number table (Table A.2).  To illustrate, consider the
assignment of only one double-digit number to each replicate chamber:  the first column of assigned numbers in
Table A.1.  Whenever the numbers 00 and 25 through 99 are read from Table A.2, they will be disregarded and
the next number will be read.

2.4  RANDOMIZATION OF REPLICATE CHAMBERS TO POSITIONS EXAMPLE

2.4.1  Next consider the random assignment of the 24 replicate chambers to positions within the water bath (or
equivalent).  Assume that the replicate chambers are to be positioned in a four row by six column rectangular
array.  The first step is to label the positions in the water bath.  Table A.4 provides an example layout.
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2.4.2  The second step is to assign each of the 24 positions four double-digit numbers.  An example of this
assignment is provided in Table A.5.  Note that the double digits 00 and 97 through 99 were not used.

   TABLE A.5. RANDOM ASSIGNMENT OF REPLICATE CHAMBERS TO POSITIONS: EXAMPLE
ASSIGNED NUMBERS FOR EACH POSITION

Assigned Numbers Position

01, 25, 49, 73 1
02, 26, 50, 74 2
03, 27, 51, 75 3
04, 28, 52, 76 4
05, 29, 53, 77 5
06, 30, 54, 78 6
07, 31, 55, 79 7
08, 32, 56, 80 8
09, 33, 57, 81 9
10, 34, 58, 82 10
11, 35, 59, 83 11
12, 36, 60, 84 12
13, 37, 61, 85 13
14, 38, 62, 86 14
15, 39, 63, 87 15
16, 40, 64, 88 16
17, 41, 65, 89 17
18, 42, 66, 90 18
19, 43, 67, 91 19
20, 44, 68, 92 20
21, 45, 69, 93 21
22, 46, 70, 94 22
23, 47, 71, 95 23
24, 48, 72, 96 24

2.4.3  The random numbers used to carry out the random assignment of replicate chambers to positions are
provided in Table A.2.  The third step is to choose a starting position in Table A.2, and read the first double-
digit number.  The first number read identifies the position for the first replicate chamber of the control.  For the
example, the first entry in row 10 of Table A.2 was chosen as the starting position.  The first number in this row
was 73.  According to Table A.5, this number corresponds to position 1.  Thus, the first replicate chamber for
the control will be placed in position 1. 

2.4.4  The next step is to read the double-digit number to the right of the first one.  The second number
identifies the position for the second replicate chamber of the control.  Continuing the example, the second
number read in row 10 of Table A.2 is 79.  According to Table A.5, this number corresponds to position 7. 
Thus, the second replicate chamber for the control will be placed in position 7.

2.4.5  Continue in this fashion until all the replicate chambers have been assigned to a position.  The first four
numbers read will identify the positions for the control replicate chambers, the second four numbers read will
identify the positions for the lowest effluent concentration replicate chambers, and so on.  If a number is read
from the table that was not assigned to a position, then ignore that value and continue to the next number.  If a
number is repeated in Table A.2, then ignore the repeats and continue to the next number.  The complete
randomization of replicate chambers to positions for the example is displayed in Table A.6.
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  TABLE A.6. RANDOM ASSIGNMENT OF REPLICATE CHAMBERS TO POSITIONS:
EXAMPLE ASSIGNMENT OF ALL 24 POSITIONS

Control 100.0% 6.25% 6.25% 6.25% 12.5% 

Control 12.5% Control 25.0% 12.5% 25.0% 

100.0% 50.0% 100.0% Control 100.0% 25.0% 

50.0% 50.0% 25.0% 50.0% 12.5% 6.25%

2.4.6  Four double-digit numbers were assigned to each position (instead of one, two, or three) in order to make
efficient use of the random number table (Table A.2).  To illustrate, consider the assignment of only one double-
digit number to each position:  the first column of assigned numbers in Table A.5.  Whenever the numbers 00
and 25 through 99 are read from Table A.2, they will be disregarded and the next number will be read.

3.  OUTLIERS

3.1  An outlier is an inconsistent or questionable data point that appears unrepresentative of the general trend
exhibited by the majority of the data.  Outliers may be detected by tabulation of the data, plotting, and by an
analysis of the residuals.  An explanation should be sought for any questionable data points.  Without an
explanation, data points should be discarded only with extreme caution.  If there is no explanation, the analysis
should be performed both with and without the outlier, and the results of both analyses should be reported.

3.2  Gentleman-Wilk's A statistic gives a test for the condition that the extreme observation may be considered
an outlier.  For a discussion of this, and other techniques for evaluating outliers, see Draper and John (1981).
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APPENDIX B

VALIDATING NORMALITY AND HOMOGENEITY OF VARIANCE ASSUMPTIONS

1.  INTRODUCTION

1.1  Dunnett's Procedure and the t test with Bonferroni's adjustment are parametric procedures based on the
assumptions that the observations within treatments are independent and normally distributed, and that the
variance of the observations is homogeneous across all toxicant concentrations and the control.  These
assumptions should be checked prior to using these tests, to determine if they have been met.  Tests for
validating the assumptions are provided in the following discussion.  If the tests fail (if the data do not meet the
assumptions), a nonparametric procedure such as Steel's Many-one Rank Test may be more appropriate. 
However, the decision on whether to use parametric or nonparametric tests may be a judgment call, and a
statistician should be consulted in selecting the analysis.

2.  TEST FOR NORMAL DISTRIBUTION OF DATA

2.1  SHAPIRO-WILK'S TEST

2.1.1  One formal test for normality is the Shapiro-Wilk's Test (Conover, 1980).  The test statistic is obtained by
dividing the square of an appropriate linear combination of the sample order statistics by the usual symmetric
estimate of variance.  The calculated W must be greater than zero and less than or equal to one.  This test is
recommended for a sample size of 50 or less.  If the sample size is greater than 50, the Kolmogorov "D" statistic
(Stephens, 1974) is recommended. An example of the Shapiro-Wilk's test is provided below. 

2.2  The example uses growth data from the Fathead Minnow Larval Survival and Growth Test.  The same data
are used in the discussion of the homogeneity of variance determination in Paragraph 3 and Dunnett's Procedure
in Appendix C. The data, the mean and variance of the observations at each concentration, including the control,
are listed in Table B.1.

     TABLE B.1. FATHEAD LARVAL, PIMEPHALES PROMELAS, LARVAL GROWTH DATA
 (WEIGHT IN MG) FOR THE SHAPIRO-WILK'S TEST 

NaPCP Concentration (µg/L)       

Replicate Control 32 64 128 256

    A 0.711 0.646 0.669 0.629 0.650
    B 0.662 0.626 0.669 0.680 0.558
    C 0.718 0.723 0.694 0.513 0.606
    D 0.767 0.700 0.676 0.672 0.508

Mean( ) 0.714 0.674 0.677 0.624 0.580
S 0.0018 0.0020 0.0001 0.0059 0.0037i

2

i 1 2 3 4 5

2.3  The first step of the test for normality is to center the observations by subtracting the mean of all the
observations within a concentration from each observation in that concentration.  The centered observations are
listed in Table B.2.
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TABLE B.2. EXAMPLE OF SHAPIRO-WILK'S TEST:  CENTERED OBSERVATIONS

NaPCP Concentration (µg/L)

Replicate Control 32 64 128 256

A -0.003 -0.028 -0.008 0.005 0.070
B -0.052 -0.048 -0.008 0.056 -0.022
C 0.004 0.049 0.017 -0.111 0.026
D 0.053 0.026 -0.001 0.048 -0.072

2.4  Calculate the denominator, D, of the test statistic:

    Where:  X  = the centered observations and &X is the overall mean of the centered observations.  For this seti

of data, &X = 0, and D = 0.0412. 

2.5  Order the centered observations from smallest to largest.

                     X  ≤ X  ≤ ... ≤ X  (1) (2) (n)

where X  denotes the ith ordered observation.  The ordered observations are listed in Table B.3.(i)

TABLE B.3. EXAMPLE OF THE SHAPIRO-WILK'S TEST:  ORDERED OBSERVATIONS

i X i X(i) (i)

1 -0.111 11 0.004
2 -0.072 12 0.005
3 -0.052 13 0.017
4 -0.048 14 0.026
5 -0.028 15 0.026
6 -0.022 16 0.048
7 -0.008 17 0.049
8 -0.008 18 0.053
9 -0.003 19 0.056

10 -0.001 20 0.070

2.6  From Table B.4, for the number of observations, n, obtain the coefficients a , a , ..., a , where k is n/2 if n is1 2 k

even, and (n-1)/2 if n is odd.  For the data in this example, n = 20, k = 10.  The a  values are listed ini

Table B.5.
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TABLE B.4.  COEFFICIENTS FOR THE SHAPIRO-WILK'S TEST (Conover, 1980)

Number of Observations

i±   2 3 4 5 6 7 8 9 10n

 1 0.7071 0.7071 0.6872 0.6646 0.6431 0.6233 0.6052 0.5888 0.5739

 2 - 0.0000 0.1667 0.2413 0.2806 0.3031 0.3164 0.3244 0.3291

 3 - - - 0.0000 0.0875 0.1401 0.1743 0.1976 0.2141

 4 - - - - - 0.0000 0.0561 0.0947 0.1224

 5 - - - - - - - 0.0000 0.0399

Number of Observations  

i± 11 12 13 14 15 16 17 18 19 20n

 1 0.5601 0.5475 0.5359 0.5251 0.5150 0.5056 0.4968 0.4886 0.4808 0.4734

 2 0.3315 0.3325 0.3325 0.3318 0.3306 0.3209 0.3273 0.3253 0.3232 0.3211

 3 0.2260 0.2347 0.2412 0.2460 0.2495 0.2521 0.2540 0.2553 0.2561 0.2565

 4 0.1429 0.1586 0.1707 0.1802 0.1878 0.1939 0.1988 0.2027 0.2059 0.2085

 5 0.0695 0.0922 0.1099 0.1240 0.1353 0.1447 0.1524 0.1587 0.1641 0.1686

 6 0.0000 0.0303 0.0539 0.0727 0.0880 0.1005 0.1109 0.1197 0.1271 0.1334

 7 - - 0.0000 0.0240 0.0433 0.0593 0.0725 0.0837 0.0932 0.1013

 8 - - - - 0.0000 0.0196 0.0359 0.0496 0.0612 0.0711

 9 - - - - - - 0.0000 0.0163 0.0303 0.0422

10 - - - - - - - - 0.0000 0.0140

                                                                                

Number of Observations

i± 21 22 23 24 25 26 27 28 29 30n

                                                                                

 1 0.4643 0.4590 0.4542 0.4493 0.4450 0.4407 0.4366 0.4328 0.4291 0.4254

 2 0.3185 0.3156 0.3126 0.3098 0.3069 0.3043 0.3018 0.2992 0.2968 0.2944

 3 0.2578 0.2571 0.2563 0.2554 0.2543 0.2533 0.2522 0.2510 0.2499 0.2487

 4 0.2119 0.2131 0.2139 0.2145 0.2148 0.2151 0.2152 0.2151 0.2150 0.2148

 5 0.1736 0.1764 0.1787 0.1807 0.1822 0.1836 0.1848 0.1857 0.1864 0.1870

 6 0.1399 0.1443 0.1480 0.1512 0.1539 0.1563 0.1584 0.1601 0.1616 0.1630

 7 0.1092 0.1150 0.1201 0.1245 0.1283 0.1316 0.1346 0.1372 0.1395 0.1415

 8 0.0804 0.0878 0.0941 0.0997 0.1046 0.1089 0.1128 0.1162 0.1192 0.1219

 9 0.0530 0.0618 0.0696 0.0764 0.0923 0.0876 0.0923 0.0965 0.1002 0.1036

10 0.0263 0.0368 0.0459 0.0539 0.0610 0.0672 0.0728 0.0778 0.0822 0.0862

11 0.0000 0.0122 0.0228 0.0321 0.0403 0.0476 0.0540 0.0598 0.0650 0.0697

12 - - 0.0000 0.0107 0.0200 0.0284 0.0358 0.0424 0.0483 0.0537

13 - - - - 0.0000 0.0094 0.0178 0.0253 0.0320 0.0381

14 - - - - - - 0.0000 0.0084 0.0159 0.0227

15 - - - - - - - - 0.0000 0.0076
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TABLE B.4.  COEFFICIENTS FOR THE SHAPIRO WILK'S TEST (CONTINUED)

Number of Observations
i± 31 32 33 34 35 36 37 38 39 40n

 1 0.4220 0.4188 0.4156 0.4127 0.4096 0.4068 0.4040 0.4015 0.3989 0.3964
 2 0.2921 0.2898 0.2876 0.2854 0.2834 0.2813 0.2794 0.2774 0.2755 0.2737
 3 0.2475 0.2462 0.2451 0.2439 0.2427 0.2415 0.2403 0.2391 0.2380 0.2368
 4 0.2145 0.2141 0.2137 0.2132 0.2127 0.2121 0.2116 0.2110 0.2104 0.2098
 5 0.1874 0.1878 0.1880 0.1882 0.1883 0.1883 0.1883 0.1881 0.1880 0.1878
 6 0.1641 0.1651 0.1660 0.1667 0.1673 0.1678 0.1663 0.1686 0.1689 0.1691
 7 0.1433 0.1449 0.1463 0.1475 0.1487 0.1496 0.1505 0.1513 0.1520 0.1526
 8 0.1243 0.1265 0.1284 0.1301 0.1317 0.1331 0.1344 0.1356 0.1366 0.1376
 9 0.1066 0.1093 0.1118 0.1140 0.1160 0.1179 0.1196 0.1211 0.1225 0.1237
10 0.0899 0.0931 0.0961 0.0988 0.1013 0.1036 0.1056 0.1075 0.1092 0.1108
11 0.0739 0.0777 0.0812 0.0844 0.0873 0.0900 0.0924 0.0947 0.0967 0.0986
12 0.0585 0.0629 0.0669 0.0706 0.0739 0.0770 0.0798 0.0824 0.0848 0.0870
13 0.0435 0.0485 0.0530 0.0572 0.0610 0.0645 0.0677 0.0706 0.0733 0.0759
14 0.0289 0.0344 0.0395 0.0441 0.0484 0.0523 0.0559 0.0592 0.0622 0.0651
15 0.0144 0.0206 0.0262 0.0314 0.0361 0.0404 0.0444 0.0481 0.0515 0.0546
16 0.0000 0.0068 0.0131 0.0187 0.0239 0.0287 0.0331 0.0372 0.0409 0.0444
17 - - 0.0000 0.0062 0.0119 0.0172 0.0220 0.0264 0.0305 0.0343
18 - - - - 0.0000 0.0057 0.0110 0.0158 0.0203 0.0244
19 - - - - - - 0.0000 0.0053 0.0101 0.0146
20 - - - - - - - - 0.0000 0.0049

Number of Observations  
i± 41 42 43 44 45 46 47 48 49 50n

 1 0.3940 0.3917 0.3894 0.3872 0.3850 0.3830 0.3808 0.3789 0.3770 0.3751
 2 0.2719 0.2701 0.2684 0.2667 0.2651 0.2635 0.2620 0.2604 0.2589 0.2574
 3 0.2357 0.2345 0.2334 0.2323 0.2313 0.2302 0.2291 0.2281 0.2271 0.2260
 4 0.2091 0.2085 0.2078 0.2072 0.2065 0.2058 0.2052 0.2045 0.2038 0.2032
 5 0.1876 0.1874 0.1871 0.1868 0.1865 0.1862 0.1859 0.1855 0.1851 0.1847
 6 0.1693 0.1694 0.1695 0.1695 0.1695 0.1695 0.1695 0.1693 0.1692 0.1691
 7 0.1531 0.1535 0.1539 0.1542 0.1545 0.1548 0.1550 0.1551 0.1553 0.1554
 8 0.1384 0.1392 0.1398 0.1405 0.1410 0.1415 0.1420 0.1423 0.1427 0.1430
 9 0.1249 0.1259 0.1269 9,1278 0.1286 0.1293 0.1300 0.1306 0.1312 0.1317
10 0.1123 0.1136 0.1149 0.1160 9.1170 0.1180 0.1189 0.1197 0.1205 0.1212
11 0.1004 0.1020 0.1035 0.1049 0.1062 0.1073 0.1085 0.1095 0.1105 0.1113
12 0.0891 0.0909 0.0927 0.0943 0.0959 0.0972 0.0986 0.0998 0.1010 0.1020
13 0.0782 0.0804 0.0824 0.0842 0.0860 0.0876 0.0892 0.0906 0.0919 0.0932
14 0.0677 0.0701 0.0724 0.0745 0.0765 0.0783 0.0801 0.0817 0.0832 0.0846
15 0.0575 0.0602 0.0628 0.0651 0.0673 0.0694 0.0713 0.0731 0.0748 0.0764
16 0.0476 0.0506 0.0534 0.0560 0.0584 0.0607 0.0628 0.0648 0.0667 0.0685
17 0.0379 0.0411 0.0442 0.0471 0.0497 0.0522 0.0546 0.0568 0.0588 0.0608
18 0.0283 0.0318 0.0352 0.0383 0.0412 0.0439 0.0465 0.0489 0.0511 0.0532
19 0.0188 0.0227 0.0263 0.0296 0.0328 0.0357 0.0385 0.0411 0.0436 0.0459
20 0.0094 0.0136 0.0175 0.0211 0.0245 0.0277 0.0307 0.0335 0.0361 0.0386
21 0.0000 0.0045 0.0087 0.0126 0.0163 0.0197 0.0229 0.0259 0.0288 0.0314
22 - - 0.0000 0.0042 0.0081 0.0118 0.0153 0.0185 0.0215 0.0244
23 - - - - 0.0000 0.0039 0.0076 0.0111 0.0143 0.0174
24 - - - - - - 0.0000 0.0037 0.0071 0.0104
25 - - - - - - - - 0.0000 0.0035
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2.7  Compute the test statistic, W, as follows: 

    The differences, X  - X , are listed in Table B.5.(n-i+1) (i)

2.8  The decision rule for this test is to compare the critical value from Table B.6 to the computed W.  If the
computed value is less than the critical value, conclude that the data are not normally distributed.  For this
example, the critical value at a significance level of 0.01 and 20 observations (n) is 0.868.  The calculated value,
0.959, is not less than the critical value. Therefore, conclude that the data are normally distributed.

      TABLE B.5. EXAMPLE OF THE SHAPIRO-WILK'S TEST:  TABLE OF COEFFICIENTS AND
DIFFERENCES

 
i a X  - X  i

(n-i+1) (i)

1 0.4734 0.181 X - X(20) (1)

2 0.3211 0.128 X - X(19) (2)

3 0.2565 0.105 X - X(18) (3)

4 0.2085 0.097 X - X(17) (4)

5 0.1686 0.076 X - X(16) (5)

6 0.1334 0.048 X - X(15) (6)

7 0.1013 0.034 X - X(14) (7)

8 0.0711 0.025 X - X(13) (8)

9 0.0422 0.008 X - X(12) (9)

10 0.0140 0.005 X - X(11) (10)

2.9  In general, if the data fail the test for normality, a transformation such as to log values may normalize the
data.  After transforming the data, repeat the Shapiro-Wilk's Test for normality.

2.10  KOLMOGOROV "D" TEST

2.10.1  A formal two-sided test for normality is the Kolmogorov "D" Test.  The test statistic is calculated by
obtaining the difference between the cumulative distribution function estimated from the data and the standard
normal cumulative distribution function for each standardized observation.  This test is recommended for a
sample size greater than 50.  If the sample size is less than or equal to 50, then the Shapiro Wilk's Test is
recommended.  An example of the Kolmogorov "D" test is provided below.

2.10.2  The example uses reproduction data from the daphnid, Ceriodaphnia dubia, Survival and Reproduction
Test.  The observed data and the mean of the observations at each concentration, including the control, are listed
in Table B.7.

2.10.3  The first step of the test for normality is to center the observations by subtracting the mean of all the
observations within a concentration from each observation in that concentration.  The centered observations for
the example are listed in Table B.8.
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TABLE B.6.  QUANTILES OF THE SHAPIRO-WILK'S TEST STATISTIC (Conover, 1980)

 n 0.01 0.02 0.05 0.10 0.50 0.90 0.95 0.98 0.99

 3 0.753 0.756 0.767 0.789 0.959 0.998 0.999 1.000 1.000
 4 0.687 0.707 0.748 0.792 0.935 0.987 0.992 0.996 0.997
 5 0.686 0.715 0.762 0.806 0.927 0.979 0.986 0.991 0.993
 6 0.713 0.743 0.788 0.826 0.927 0.974 0.981 0.986 0.989
 7 0.730 0.760 0.803 0.838 0.928 0.972 0.979 0.985 0.988
 8 0.749 0.778 0.818 0.851 0.932 0.972 0.978 0.984 0.987
 9 0.764 0.791 0.829 0.859 0.935 0.972 0.978 0.984 0.986
10 0.781 0.806 0.842 0.869 0.938 0.972 0.978 0.983 0.986
11 0.792 0.817 0.850 0.876 0.940 0.973 0.979 0.984 0.986
12 0.805 0.828 0.859 0.883 0.943 0.973 0.979 0.984 0.986
13 0.814 0.837 0.866 0.889 0.945 0.974 0.979 0.984 0.986
14 0.825 0.846 0.874 0.895 0.947 0.975 0.980 0.984 0.986
15 0.835 0.855 0.881 0.901 0.950 0.975 0.980 0.984 0.987
16 0.844 0.863 0.887 0.906 0.952 0.976 0.981 0.985 0.987
17 0.851 0.869 0.892 0.910 0.954 0.977 0.981 0.985 0.987
18 0.858 0.874 0.897 0.914 0.956 0.978 0.982 0.986 0.988
19 0.863 0.879 0.901 0.917 0.957 0.978 0.982 0.986 0.988
20 0.868 0.884 0.905 0.920 0.959 0.979 0.983 0.986 0.988
21 0.873 0.888 0.908 0.923 0.960 0.980 0.983 0.987 0.989
22 0.878 0.892 0.911 0.926 0.961 0.980 0.984 0.987 0.989
23 0.881 0.895 0.914 0.928 0.962 0.981 0.984 0.987 0.989
24 0.884 0.898 0.916 0.930 0.963 0.981 0.984 0.987 0.989
25 0.888 0.901 0.918 0.931 0.964 0.981 0.985 0.988 0.989
26 0.891 0.904 0.920 0.933 0.965 0.982 0.985 0.988 0.989
27 0.894 0.906 0.923 0.935 0.965 0.982 0.985 0.988 0.990
28 0.896 0.908 0.924 0.936 0.966 0.982 0.985 0.988 0.990
29 0.898 0.910 0.926 0.937 0.966 0.982 0.985 0.988 0.990
30 0.900 0.912 0.927 0.939 0.967 0.983 0.985 0.988 0.990
31 0.902 0.914 0.929 0.940 0.967 0.983 0.986 0.988 0.990
32 0.904 0.915 0.930 0.941 0.968 0.983 0.986 0.988 0.990
33 0.906 0.917 0.931 0.942 0.968 0.983 0.986 0.989 0.990
34 0.908 0.919 0.933 0.943 0.969 0.983 0.986 0.989 0.990
35 0.910 0.920 0.934 0.944 0.969 0.984 0.986 0.989 0.990
36 0.912 0.922 0.935 0.945 0.970 0.984 0.986 0.989 0.990
37 0.914 0.924 0.936 0.946 0.970 0.984 0.987 0.989 0.990
38 0.916 0.925 0.938 0.947 0.971 0.984 0.987 0.989 0.990
39 0.917 0.927 0.939 0.948 0.971 0.984 0.987 0.989 0.991
40 0.919 0.928 0.940 0.949 0.972 0.985 0.987 0.989 0.991
41 0.920 0.929 0.941 0.950 0.972 0.985 0.987 0.989 0.991
42 0.922 0.930 0.942 0.951 0.972 0.985 0.987 0.989 0.991
43 0.923 0.932 0.943 0.951 0.973 0.985 0.987 0.990 0.991
44 0.924 0.933 0.944 0.952 0.973 0.985 0.987 0.990 0.991
45 0.926 0.934 0.945 0.953 0.973 0.985 0.988 0.990 0.991
46 0.927 0.935 0.945 0.953 0.974 0.985 0.988 0.990 0.991
47 0.928 0.936 0.946 0.954 0.974 0.985 0.988 0.990 0.991
48 0.929 0.937 0.947 0.954 0.974 0.985 0.988 0.990 0.991
49 0.929 0.937 0.947 0.955 0.974 0.985 0.988 0.990 0.991
50 0.930 0.938 0.947 0.955 0.974 0.985 0.988 0.990 0.991 
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      TABLE B.7. CERIODAPHNIA DUBIA REPRODUCTION DATA FOR THE KOLMOGOROV
"D" TEST

Effluente Concentration (%)

Replicate Control 1.56 3.12 6.25 12.5 25.0

1 27 32 39 27 19 10
2 30 35 30 34 25 13
3 29 32 33 36 26 7
4 31 26 33 34 17 7
5 16 18 36 31 16 7
6 15 29 33 27 21 10
7 18 27 33 33 23 10
8 17 16 27 31 15 16
9 14 35 38 33 18 12

10 27 13 44 31 10 2

Mean 22.4 26.3 34.6 31.7 19.0 9.4

TABLE B.8.  CENTERED OBSERVATIONS FOR KOLMOGOROV “D” EXAMPLE

Effluent Concentration (%)

Replicate Control 1.56 3.12 6.25 12.5 25.0

1 4.6 5.7 4.4 -4.7 0.0 0.6

2 7.6 8.7 -4.6 2.3 6.0 3.6

3 6.6 5.7 -1.6 4.3 7.0 -2.4

4 8.6 -0.3 -1.6 2.3 -2.0 -2.4

5 -6.4 -8.3 1.4 -0.7 -3.0 -2.4

6 -7.4 2.7 -1.6 -4.7 2.0 0.6

7 -4.4 0.7 -1.6 1.3 4.0 0.6

8 -5.4 -10.3 -7.6 -0.7 -4.0 6.6

9 -8.4 8.7 3.4 1.3 -1.0 2.6

10 4.6 -13.3 9.4 -0.7 -9.0 -7.4
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2.10.4  Order the centered observations from smallest to largest:

                           X  ≤ X  ≤ ... ≤ X(1) (2) (n)

where X  denotes the ith ordered observation, and n denotes the total number of centered observations.  The(i)

ordered observations for the example are listed in Table B.9.
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TABLE B.9.  EXAMPLE CALCULATION OF THE KOLMOGOROV "D" STATISTIC

i X z p D + D -(i)
i i i i

1 -13.3 -2.51 0.0060 0.0107 0.0060
2 -10.3 -1.94 0.0262 0.0071 0.0095
3 -9.0 -1.70 0.0446 0.0054 0.0113
4 -8.4 -1.58 0.0571 0.0096 0.0071
5 -8.3 -1.57 0.0582 0.0251 -0.0085
6 -7.6 -1.43 0.0764 0.0236 -0.0069
7 -7.4 -1.40 0.0808 0.0359 -0.0192
8 -7.4 -1.40 0.0808 0.0525 -0.0359
9 -6.4 -1.21 0.1131 0.0369 -0.0202

10 -5.4 -1.02 0.1539 0.0128 0.0039
11 -4.7 -0.89 0.1867 -0.0034 0.0200
12 -4.7 -0.89 0.1867 0.0133 0.0034
13 -4.6 -0.87 0.1922 0.0245 -0.0078
14 -4.4 -0.83 0.2033 0.0300 -0.0134
15 -4.0 -0.75 0.2266 0.0234 -0.0067
16 -3.0 -0.57 0.2843 -0.0176 0.0343
17 -2.4 -0.45 0.3264 -0.0431 0.0597
18 -2.4 -0.45 0.3264 -0.0264 0.0431
19 -2.4 -0.45 0.3264 -0.0097 0.0264
20 -2.0 -0.38 0.3520 -0.0187 0.0353
21 -1.6 -0.30 0.3821 -0.0321 0.0488
22 -1.6 -0.30 0.3821 -0.0154 0.0321
23 -1.6 -0.30 0.3821 0.0012 0.0154
24 -1.6 -0.30 0.3821 0.0179 -0.0012
25 -1.0 -0.19 0.4247 -0.0080 0.0247
26 -0.7 -0.13 0.4483 -0.0150 0.0316
27 -0.7 -0.13 0.4483 0.0017 0.0150
28 -0.7 -0.13 0.4483 0.0184 -0.0017
29 -0.3 -0.06 0.4761 0.0072 0.0094
30 0.0 0.00 0.5000 0.0000 0.0167
31 0.6 0.11 0.5438 -0.0271 0.0438
32 0.6 0.11 0.5438 -0.0105 0.0271
33 0.6 0.11 0.5438 0.0062 0.0105
34 0.7 0.13 0.5517 0.0150 0.0017
35 1.3 0.25 0.5987 -0.0154 0.0320
36 1.3 0.25 0.5987 0.0013 0.0154
37 1.4 0.26 0.6026 0.0141 0.0026
38 2.0 0.38 0.6480 -0.0147 0.0313
39 2.3 0.43 0.6664 -0.0164 0.0331
40 2.3 0.43 0.6664 0.0003 0.0164
41 2.6 0.49 0.6879 -0.0046 0.0212
42 2.7 0.51 0.6950 0.0050 0.0117
43 3.4 0.64 0.7389 -0.0222 0.0389
44 3.6 0.68 0.7517 -0.0184 0.0350
45 4.0 0.75 0.7734 -0.0234 0.0401
46 4.3 0.81 0.7910 -0.0243 0.0410
47 4.4 0.83 0.7967 -0.0134 0.0300
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 TABLE B.9.  EXAMPLE CALCULATION OF THE KOLMOGOROV "D" STATISTIC (CONTINUED)

i X z p D + D -(i)
i i i i

48 4.6 0.87 0.8078 -0.0078 0.0245
49 4.6 0.87 0.8078 0.0089 0.0078
50 5.7 1.08 0.8599 -0.0266 0.0432
51 5.7 1.08 0.8599 -0.0099 0.0266
52 6.0 1.13 0.8708 -0.0041 0.0208
53 6.6 1.25 0.8944 -0.0111 0.0277
54 6.6 1.25 0.8944 0.0056 0.0111
55 7.0 1.32 0.9066 0.0101 0.0066
56 7.6 1.43 0.9236 0.0097 0.0069
57 8.6 1.62 0.9474 0.0026 0.0141
58 8.7 1.64 0.9495 0.0172 -0.0005
59 8.7 1.64 0.9495 0.0338 -0.0172
60 9.4 1.77 0.9616 0.0384 -0.0217

2.10.5  The next step is to standardize the ordered observations.  Let z  denote the standardized value of the ithi

ordered observation.  Then, 

For the example, s = 5.3, and the standardized observations are listed in Table B.9.

2.10.6  From Table B.10,obtain the value of the standard normal cumulative distribution function (standard
normal CDF) at z .  Denote this value as p .  Note that negative z are not listed in Table B.10.  The value of thei  i

standard normal CDF at a negative number is one minus the value of the standard normal CDF at the absolute
value of that number.  For example, since the value of the standard normal CDF at 3.21 is 0.9993, the value of
the standard normal CDF at  -3.21 is 1 - 0.9993 = 0.0007.  The p  values for the example data are listed ini

Table B.9.
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TABLE B.10. P IS THE VALUE OF THE STANDARD NORMAL CUMULATIVE DISTRIBUTION
AT Z

z p z p z p z p
0.00 0.5000 0.41 0.6591 0.82 0.7939 1.23 0.8907
0.01 0.5040 0.42 0.6628 0.83 0.7967 1.24 0.8925
0.02 0.5080 0.43 0.6664 0.84 0.7995 1.25 0.8944
0.03 0.5120 0.44 0.6700 0.85 0.8023 1.26 0.8962
0.04 0.5160 0.45 0.6736 0.86 0.8051 1.27 0.8980
0.05 0.5199 0.46 0.6772 0.87 0.8078 1.28 0.8997
0.06 0.5239 0.47 0.6808 0.88 0.8106 1.29 0.9015
0.07 0.5279 0.48 0.6844 0.89 0.8133 1.30 0.9032
0.08 0.5319 0.49 0.6879 0.90 0.8159 1.31 0.9049
0.09 0.5359 0.50 0.6915 0.91 0.8186 1.32 0.9066
0.10 0.5398 0.51 0.6950 0.92 0.8212 1.33 0.9082
0.11 0.5438 0.52 0.6985 0.93 0.8238 1.34 0.9099
0.12 0.5478 0.53 0.7019 0.94 0.8264 1.35 0.9115
0.13 0.5517 0.54 0.7054 0.95 0.8289 1.36 0.9131
0.14 0.5557 0.55 0.7088 0.96 0.8315 1.37 0.9147
0.15 0.5596 0.56 0.7123 0.97 0.8340 1.38 0.9162
0.16 0.5636 0.57 0.7157 0.98 0.8365 1.39 0.9177
0.17 0.5675 0.58 0.7190 0.99 0.8389 1.40 0.9192
0.18 0.5714 0.59 0.7224 1.00 0.8413 1.41 0.9207
0.19 0.5753 0.60 0.7257 1.01 0.8438 1.42 0.9222
0.20 0.5793 0.61 0.7291 1.02 0.8461 1.43 0.9236
0.21 0.5832 0.62 0.7324 1.03 0.8485 1.44 0.9251
0.22 0.5871 0.63 0.7357 1.04 0.8508 1.45 0.9265
0.23 0.5910 0.64 0.7389 1.05 0.8531 1.46 0.9279
0.24 0.5948 0.65 0.7422 1.06 0.8554 1.47 0.9292
0.25 0.5987 0.66 0.7454 1.07 0.8577 1.48 0.9306
0.26 0.6026 0.67 0.7486 1.08 0.8599 1.49 0.9319
0.27 0.6064 0.68 0.7517 1.09 0.8621 1.50 0.9332
0.28 0.6103 0.69 0.7549 1.10 0.8643 1.51 0.9345
0.29 0.6141 0.70 0.7580 1.11 0.8665 1.52 0.9357
0.30 0.6179 0.71 0.7611 1.12 0.8686 1.53 0.9370
0.31 0.6217 0.72 0.7642 1.13 0.8708 1.54 0.9382
0.32 0.6255 0.73 0.7673 1.14 0.8729 1.55 0.9394
0.33 0.6293 0.74 0.7704 1.15 0.8749 1.56 0.9406
0.34 0.6331 0.75 0.7734 1.16 0.8770 1.57 0.9418
0.35 0.6368 0.76 0.7764 1.17 0.8790 1.58 0.9429
0.36 0.6406 0.77 0.7794 1.18 0.8810 1.59 0.9441
0.37 0.6443 0.78 0.7823 1.19 0.8830 1.60 0.9452
0.38 0.6480 0.79 0.7852 1.20 0.8849 1.61 0.9463
0.39 0.6517 0.80 0.7881 1.21 0.8869 1.62 0.9474
0.40 0.6554 0.81 0.7910 1.22 0.8888 1.63 0.9484
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TABLE B.10. P IS THE VALUE OF THE STANDARD NORMAL CUMULATIVE DISTRIBUTION
AT Z (CONTINUED)

z p z p z p z p   
  1.64 0.9495 2.05 0.9798 2.46 0.9931 2.87 0.9979
  1.65 0.9505 2.06 0.9803 2.47 0.9932 2.88 0.9980
  1.66 0.9515 2.07 0.9808 2.48 0.9934 2.89 0.9981
  1.67 0.9525 2.08 0.9812 2.49 0.9936 2.90 0.9981
  1.68 0.9535 2.09 0.9817 2.50 0.9938 2.91 0.9982
  1.69 0.9545 2.10 0.9821 2.51 0.9940 2.92 0.9982
  1.70 0.9554 2.11 0.9826 2.52 0.9941 2.93 0.9983
  1.71 0.9564 2.12 0.9830 2.53 0.9943 2.94 0.9984
  1.72 0.9573 2.13 0.9834 2.54 0.9945 2.95 0.9984
  1.73 0.9582 2.14 0.9838 2.55 0.9946 2.96 0.9985
  1.74 0.9591 2.15 0.9842 2.56 0.9948 2.97 0.9985
  1.75 0.9599 2.16 0.9846 2.57 0.9949 2.98 0.9986
  1.76 0.9608 2.17 0.9850 2.58 0.9951 2.99 0.9986
  1.77 0.9616 2.18 0.9854 2.59 0.9952 3.00 0.9987
  1.78 0.9625 2.19 0.9857 2.60 0.9953 3.01 0.9987
  1.79 0.9633 2.20 0.9861 2.61 0.9955 3.02 0.9987
  1.80 0.9641 2.21 0.9864 2.62 0.9956 3.03 0.9988
  1.81 0.9649 2.22 0.9868 2.63 0.9957 3.04 0.9988
  1.82 0.9656 2.23 0.9871 2.64 0.9959 3.05 0.9989
  1.83 0.9664 2.24 0.9875 2.65 0.9960 3.06 0.9989
  1.84 0.9671 2.25 0.9878 2.66 0.9961 3.07 0.9989
  1.85 0.9678 2.26 0.9881 2.67 0.9962 3.08 0.9990
  1.86 0.9686 2.27 0.9884 2.68 0.9963 3.09 0.9990
  1.87 0.9693 2.28 0.9887 2.69 0.9964 3.10 0.9990
  1.88 0.9699 2.29 0.9890 2.70 0.9965 3.11 0.9991
  1.89 0.9706 2.30 0.9893 2.71 0.9966 3.12 0.9991
  1.90 0.9713 2.31 0.9896 2.72 0.9967 3.13 0.9991
  1.91 0.9719 2.32 0.9898 2.73 0.9968 3.14 0.9992
  1.92 0.9726 2.33 0.9901 2.74 0.9969 3.15 0.9992
  1.93 0.9732 2.34 0.9904 2.75 0.9970 3.16 0.9992
  1.94 0.9738 2.35 0.9906 2.76 0.9971 3.17 0.9992
  1.95 0.9744 2.36 0.9909 2.77 0.9972 3.18 0.9993
  1.96 0.9750 2.37 0.9911 2.78 0.9973 3.19 0.9993
  1.97 0.9756 2.38 0.9913 2.79 0.9974 3.20 0.9993
  1.98 0.9761 2.39 0.9916 2.80 0.9974 3.21 0.9993
  1.99 0.9767 2.40 0.9918 2.81 0.9975 3.22 0.9994
  2.00 0.9772 2.41 0.9920 2.82 0.9976 3.23 0.9994
  2.01 0.9778 2.42 0.9922 2.83 0.9977 3.24 0.9994
  2.02  0.9783 2.43 0.9925 2.84 0.9977 3.25 0.9994
  2.03 0.9788 2.44 0.9927 2.85 0.9978 3.26 0.9994
  2.04 0.9793 2.45 0.9929 2.86 0.9979 3.27 0.9995
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TABLE B.10. P IS THE VALUE OF THE STANDARD NORMAL CUMULATIVE DISTRIBUTION
AT Z (CONTINUED)

z p z p z p z p  
3.28 0.9995 3.46 0.9997 3.64 0.9999 3.82 0.9999
3.29 0.9995 3.47 0.9997 3.65 0.9999 3.83 0.9999
3.30 0.9995 3.48 0.0997 3.66 0.9999 3.84 0.9999
3.31 0.9995 3.49 0.9998 3.67 0.9999 3.85 0.9999
3.32 0.9995 3.50 0.9998 3.68 0.9999 3.86 0.9999
3.33 0.9996 3.51 0.9998 3.69 0.9999 3.87 0.9999
3.34 0.9996 3.52 0.9998 3.70 0.9999 3.88 0.9999
3.35 0.9996 3.53 0.9998 3.71 0.9999 3.89 0.9999
3.36 0.9996 3.54 0.9998 3.72 0.9999 3.90 1.0000
3.37 0.9996 3.55 0.9998 3.73 0.9999 3.91 1.0000
3.38 0.9996 3.56 0.9998 3.74 0.9999 3.92 1.0000
3.39 0.9997 3.57 0.9998 3.75 0.9999 3.93 1.0000
3.40 0.9997 3.58 0.9998 3.76 0.9999 3.94 1.0000
3.41 0.9997 3.59 0.9998 3.77 0.9999 3.95 1.0000
3.42 0.9997 3.60 0.9998 3.78 0.9999 3.96 1.0000
3.43 0.9997 3.61 0.9998 3.79 0.9999 3.97 1.0000
3.44 0.9997 3.62 0.9999 3.80 0.9999 3.98 1.0000
3.45 0.9997 3.63 0.9999 3.81 0.9999 3.99 1.0000

2.10.7  Next, calculate the following differences for each ordered observation:

D + = (i/n) - pi i

D - = p  - [(i-1)/n]i i

The differences for the example are listed in Table B.9.

2.10.8  Obtain the maximum of the D +, and denote it as D+.  Obtain the maximum of the D -, and denote it asi i

D-.  For the example, D+ = 0.0525, and D- = 0.0597.

2.10.9  Next, obtain the maximum of D+ and D-, and denote it as D.  For the example, D = 0.0597.

2.10.10  The test statistic, D*, is calculated as follows:

For the example, D* = 0.4684.

2.10.11  The decision rule for the two tailed test is to compare the critical value from Table B.11 to the
computed D*.  If the computed value is greater than the critical value, conclude that the data are not normally
distributed.  For this example, the critical value at a significance level of 0.01 is 1.035.  The calculated value,
0.4684, is not greater than the critical value.  Thus, the conclusion of the test is that the data are normally
distributed.
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TABLE B.11.  CRITICAL VALUES FOR THE KOLMOGOROV "D" TEST

     
Alpha Critical
Level Value

   
0.010 1.035
0.025 0.955
0.050 0.895
0.100 0.819
0.150 0.775

   

  TABLE B.12. FATHEAD LARVAL GROWTH DATA (WEIGHT IN MG) USED FOR BARTLETT'S
TEST FOR HOMOGENEITY OF VARIANCE

NaPCP Concentration (µg/L)

Replicate Control 32 64 128 256
 

A 0.711 0.646 0.669 0.629 0.650 
B 0.662 0.626 0.669 0.680 0.558 
C 0.718 0.723 0.694 0.513 0.606 
D 0.767 0.700 0.676 0.672 0.508 

     
Mean( ) 0.714 0.674 0.677 0.624 0.580 
S 0.0018 0.0020 0.0001 0.0059 0.0037 i

2

I 1 2 3 4 5

2.10.12  In general, if the data fail the test for normality, a transformation such as the log transformation may
normalize the data.  After transforming the data, repeat the Kolmogorov "D" test for normality.

3.  TEST FOR HOMOGENEITY OF VARIANCE

3.1  For Dunnett's Procedure and the t test with Bonferroni's adjustment, the variances of the data obtained from
each toxicant concentration and the control are assumed to be equal.  Bartlett's Test is a formal test of this
assumption.  In using this test, it is assumed that the data are normally distributed.

3.2  The data used in this example are growth data from a Fathead Minnow Larval Survival and Growth Test,
and are the same data used in Appendices C and D.  These data are listed in Table B.12, together with the
calculated variance for the control and each toxicant concentration.
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3.3  The test statistic for Bartlett's Test (Snedecor and Cochran, 1980) is as follows:

         

Where: V  = degrees of freedom for each toxicant concentration and controli

p = number of levels of toxicant concentration including the control

ln = loge

i = 1, 2, ..., p where p is the number of concentrations

n = the number of replicates for concentration i.i

3.4  Since B is approximately distributed as chi-square with p - 1 degrees of freedom when the variances are
equal, the appropriate critical value is obtained from a table of the chi-square distribution for p - 1 degrees of
freedom and a significance level of 0.01.  If B is less than the critical value then the variances are assumed to be
equal.

3.5  For the data in this example, V  = 3, p = 5,   = 0.0027, and C = 1.133.  The calculated B value is:i

 = 7.691 

3.6  Since B is approximately distributed as chi-square with p - 1 degrees of freedom when the variances are
equal, the appropriate critical value for the test is 13.277 for a significance level of 0.01.  Since B = 7.691 is less
than the critical value of 13.277, conclude that the variances are not different.

4.  TRANSFORMATIONS OF THE DATA 

4.1  When the assumptions of normality and/or homogeneity of variance are not met, transformations of the data
may remedy the problem, so that the data can be analyzed by parametric procedures, rather than by
nonparametric technique such as Steel's Many-one Rank Test or Wilcoxon's Rank Sum Test.  Examples of
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transformations include log, square root, arc sine square root, and reciprocals.  After the data have been
transformed, Shapiro-Wilk's and Bartlett's tests should be performed on the transformed observations to
determine whether the assumptions of normality and/or homogeneity of variance are met.

4.2  ARC SINE SQUARE ROOT TRANSFORMATION (USEPA, 1993)

4.2.1  For data consisting of proportions from a binomial (response/no response; live/dead) response variable, the
variance within the ith treatment is proportional to P  (1 - P ), where P  is the expected proportion for thei i i

treatment.  This clearly violates the homogeneity of variance assumption required by parametric procedures such
as Dunnett's Procedure or the t test with Bonferroni's adjustment, since the existence of a treatment effect implies
different values of P  for different treatments, i.  Also, when the observed proportions are based on smalli

samples, or when P  is close to zero or one, the normality assumption may be invalid.  The arc sine square rooti

(arc sine ) transformation is commonly used for such data to stabilize the variance and satisfy the normality
requirement.

4.2.2  Arc sine transformation consists of determining the angle (in radians) represented by a sine value.  In the
case of arc sine square root transformation of mortality data, the proportion of dead (or affected) organisms is
taken as the sine value, the square root of the sine value is calculated, and the angle (in radians) for the square
root of the sine value is determined.  Whenever the proportion dead is 0 or 1, a special modification of the arc
sine square root transformation must be used (Bartlett, 1937).  An explanation of the arc sine square root
transformation and the modification is provided below.

4.2.3  Calculate the response proportion (RP) at each effluent concentration, where:

    RP = (number of surviving or "unaffected" organisms)/(number exposed)

    Example:  If 12 of 20 animals in a given treatment replicate survive:

              RP = 12/20 

= 0.60

4.2.4  Transform each RP to its arc sine square root, as follows: 

4.2.4.1  For RPs greater than zero or less than one: 
 
         Angle (radians) = arc sine  
 
         Example: If RP = 0.60: 
 
                  Angle = arc sine

= arc sine 0.7746

= 0.8861 radians 

4.2.4.2  Modification of the arc sine square root when RP = 0: 

         Angle (in radians) = arc sine 

         Where: N = Number of animals/treatment replicate
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         Example: If 20 animals are used: 

                  Angle = arc sine

= arc sine 0.1118 

= 0.1120 radians 

4.2.4.3  Modification of the arc sine square root when RP = 1.0:

         Angle = 1.5708 radians - (radians for RP = 0) 

         Example: Using above value: 

                  Angle = 1.5708 - 0.1120 

                             = 1.4588  radians
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 TABLE C.1. FATHEAD MINNOW, PIMEPHALES PROMELAS, LARVAL GROWTH DATA
(WEIGHT IN MG) USED FOR DUNNETT'S PROCEDURE

NaPCP Concentration (µg/L)

Replicate Control 32 64 128 256 

A 0.711 0.517 0.602 0.566 0.455 
B 0.662 0.501 0.669 0.612 0.502 
C 0.646 0.723 0.694 0.410 0.606 
D 0.690 0.560 0.676 0.672 0.254 

Mean( ) 0.677 0.575 0.660 0.565 0.454 

Total(T ) 2.709 2.301 2.641 2.260 1.817 i

APPENDIX C

DUNNETT'S PROCEDURE

1.  MANUAL CALCULATIONS

1.1  Dunnett's Procedure (Dunnett, 1955; Dunnett, 1964) is used to compare each concentration mean with the
control mean to decide if any of the concentrations differ from the control.  This test has an overall error rate of
alpha, which accounts for the multiple comparisons with the control.  It is based on the assumptions that the
observations are independent and normally distributed and that the variance of the observations is homogeneous
across all concentrations and control (see Appendix B for a discussion on validating the assumptions).  Dunnett's
Procedure uses a pooled estimate of the variance, which is equal to the error value calculated in an analysis of
variance.  Dunnett's Procedure can only be used when the same number of replicate test vessels have been used
at each concentration and the control.  When this condition is not met, a t test with Bonferroni's adjustment is
used (see Appendix D).
 
1.2  The data used in this example are growth data from a Fathead Minnow Larval Survival and Growth Test,
and are the same data used in Appendices B and D.  These data are listed in Table C.1.

1.3  One way to obtain an estimate of the pooled variance is to construct an ANOVA table including all sums of
squares, using the following formulas:

     Where: p = number of effluent concentrations including:

Total Sum of Squares

Between Sum of Squares
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      Within Sum of Squares

G = the grand total of all sample observations;

T  = the total of the replicate measurements for concentration ii

N = the total sample size;  

n  = the number of replicates for concentration i i

            
Y  = the jth observation for concentration i ij

1.4  For the data in this example: 

  n  = n  = n  = n  = n  = 41 2 3 4  5

  N = 20

  T = Y  + Y  + Y  + Y  = 2.7091 11 12  13 14

  T = Y  + Y  + Y  + Y  = 2.3012 21 22 23 24

  T = Y  + Y  + Y  + Y  = 2.6413 31 32 33 34

  T = Y  + Y  + Y  + Y  = 2.2604 41 42 43 44

  T = Y  + Y  + Y  + Y  = 1.8175 51 52 53 54

  G = T  + T  + T  + T  + T  = 11.728 1 2 3 4 5

   

      = 7.146 - (11.728) /20 2

    = 0.2687

=    ¼ (28.017 - 11.728) /20 2

=    0.1270

 

=    0.2687 - 0.1270 

=    0.1417
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             TABLE C.2.  ANOVA TABLE FOR DUNNETT'S PROCEDURE

Source df Sum of Mean Square (MS)
Squares (SS) (SS/df)

               
Between p - 1 SSB S   = SSB/(p-1)B

2

Within N - p SSW S   = SSW/(N-p)W
2

Total N - 1 SST

      TABLE C.3.  COMPLETED ANOVA TABLE FOR DUNNETT'S PROCEDURE

Source df SS Mean Square

Between 5 - 1 = 4 0.1270 0.0318

Within 20 - 5 = 15 0.1417 0.0094

Total 19 0.2687

1.5  Summarize these data in the ANOVA table (Table C.2).

1.6  Summarize data for ANOVA (Table C.3).

1.7  To perform the individual comparisons, calculate the t statistic for each concentration and control
combination, as follows: 

   Where: &Y  =  mean for concentration ii

           &Y  =  mean for the control1

           S  =  square root of the within mean square w

          n  =  number of replicates in the control1

           n  =  number of replicates for concentration i. i

1.8  Table C.4 includes the calculated t values for each concentration and control combination.
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                    TABLE C.4.  CALCULATED T VALUES.

NaPCP 
Concentration i t     i

(µg/L) 

32 2 1.487 
 

64 3 0.248 
 

128 4 1.633 

256 5 3.251 

1.9  Since the purpose of the test is only to detect a decrease in growth from the control, a one-sided test is
appropriate.  The critical value for the one-sided comparison (2.36), with an overall alpha level of 0.05, 15
degrees of freedom and four concentrations excluding the control is read from the table of Dunnett's "T" values
(Table C.5; this table assumes an equal number of replicates in all treatment concentrations and the control). 
The mean weight for concentration i is considered significantly less than the mean weight for the control if t  isi

greater than the critical value.  Since T  is greater than 2.36, the 256 µg/L concentration has significantly lower5

growth than the control.  Hence the NOEC and LOEC for growth are 128 µg/L and 256 µg/L, respectively.
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TABLE C.5.  DUNNETT'S "T" VALUES (Miller, 1981)

(One-tailed)d"k

  v 
k " = .05 " = 0.1

1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9

5 2.02 2.44 2.58 2.85 2.98 3.08 3.16 3.24 3.30 3.37 3.90 4.21 4.43 4.50 4.73 4.85 4.94 5.03

6 1.94 2.34 2.56 2.71 2.83 2.92 3.00 3.07 3.12 3.14 3.61 4.88 4.07 4.21 4.33 4.43 4.51 4.39

7 1.89 2.27 2.48 2.62 2.73 2.82 2.89 2.95 3.01 3.00 3.42 3.56 3.83 3.96 4.07 4.15 4.23 4.30

8 1.86 2.22 2.42 2.55 2.56 2.74 2.81 2.87 2.92 2.90 3.20 3.51 3.67 3.79 3.18 3.96 4.03 4.09

9 1.83 2.18 2.37 2.50 2.60 2.68 2.75 2.81 2.86 2.82 3.19 3.40 3.55 3.86 3.75 3.82 3.89 3.94

10 1.81 2.15 2.34 2.47 2.56 2.64 2.70 2.76 2.81 2.76 3.11 3.31 3.45 3.56 3.64 3.71 3.78 3.83

11 1.80 2.13 2.31 2.44 2.53 2.60 2.67 2.72 2.77 2.72 3.06 3.25 3.38 3.46 3.56 3.63 3.69 3.74

12 1.78 2.11 2.29 2.41 2.50 2.58 2.64 2.59 2.74 2.68 3.01 3.19 3.32 3.42 3.50 3.56 3.62 3.67

13 1.77 2.09 2.27 2.39 2.48 2.55 2.61 2.68 2.71 2.65 2.97 3.15 3.27 3.37 3.44 3.91 3.56 3.61

14 1.76 2.08 2.25 2.37 2.46 2.53 2.59 2.64 2.69 2.62 2.94 3.11 3.23 3.32 3.40 3.46 3.51 3.56

15 1.75 2.07 2.24 2.36 2.44 2.51 2.57 2.62 2.67 2.60 2.91 3.08 3.20 3.29 3.36 3.42 3.47 3.52

16 1.75 2.06 2.23 2.34 2.43 2.50 2.56 2.61 2.65 2.58 2.38 3.05 3.17 3.28 3.33 3.39 3.44 3.48

17 1.74 2.05 2.22 2.33 2.42 2.49 2.54 2.59 2.64 2.57 2.86 3.03 3.14 3.23 3.30 3.36 3.41 3.45

18 1.73 2.04 2.21 2.32 2.41 2.48 2.53 2.58 2.62 2.55 2.84 3.01 3.12 3.21 3.27 3.33 3.38 3.40

19 1.73 2.03 2.20 2.31 2.40 2.47 2.52 2.57 2.61 2.54 2.83 2.99 3.10 3.18 3.25 3.31 3.36 3.40

20 1.72 2.03 2.19 2.30 2.30 2.46 2.51 2.56 2.60 2.53 2.81 2.97 3.08 3.17 3.23 3.29 3.34 3.40

24 1.71 2.01 3.17 2.28 2.36 2.43 2.48 2.53 2.57 2.40 2.77 2.92 3.03 3.11 3.17 3.22 3.27 3.31

30 1.70 1.99 2.15 2.25 2.33 2.40 2.45 2.50 2.54 2.46 2.72 2.87 2.97 3.05 3.11 3.16 3.21 3.24
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1.10  To quantify the sensitivity of the test, the minimum significant difference (MSD) may be calculated.  The
formula is as follows: 

      Where: d = critical value for the Dunnett's Procedure 

S = the square root of the within mean square w

n = the number of replicates at each concentration,  assuming an equal number of
replicates at all treatment concentrations

n = number of replicates in the control 1

    For example:
   

         

= 2.36 (0.097)(0.707) 

           = 0.162

1.11  For this set of data, the minimum difference between the control mean and a concentration mean that can
be detected as statistically significant is 0.087 mg.  This represents a decrease in growth of 24% from the
control.

1.11.1  If the data have not been transformed, the MSD (and the percent decrease from the control mean that it
represents) can be reported as is. 

1.11.2  In the case where the data have been transformed, the MSD would be in transformed units.  In this case
carry out the following conversion to determine the MSD in untransformed units. 

1.11.2.1  Subtract the MSD from the transformed control mean.  Call this difference D.  Next, obtain
untransformed values for the control mean and the difference, D. 

MSD = control  - D  u u u

Where:  MSD = the minimum significant difference for untransformed datau

Control = the untransformed control mean u

D = the untransformed differenceu

1.11.2.2  Calculate the percent reduction from the control that MSD  represents as: u
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1.11.3  An example of a conversion of the MSD to untransformed units, when the arc sine square root
transformation was used on the data, follows: 
 
    Step 1. Subtract the MSD from the transformed control mean.  As an example, assume the data in Table C.1

were transformed by the arc sine square root transformation.  Thus: 
 
                0.677 - 0.162 = 0.515
 
    Step 2. Obtain untransformed values for the control mean (0.677) and the difference (0.515) obtained in Step

1 above. 
 
                [ Sine (0.677)]   =  0.3922

                [ Sine (0.515)]   =  0.2432

 
    Step 3. The untransformed MSD (MSD ) is determined by subtracting the untransformed values obtained inu

Step 2. 
 

MSD   =  0.392 - 0.243  =  0.149 u

 
In this case, the MSD would represent a 38.0% decrease in survival from the control [(0.149/0.392)(100)]. 

2. COMPUTER CALCULATIONS

2.1  This computer program incorporates two analyses:  an analysis of variance (ANOVA), and a multiple
comparison of treatment means with the control mean (Dunnett's Procedure).  The ANOVA is used to obtain the
error value.  Dunnett's Procedure indicates which toxicant concentration means (if any) are statistically different
from the control mean at the 5% level of significance.  The program also provides the minimum difference
between the control and treatment means that could be detected as statistically significant, and tests the validity
of the homogeneity of variance assumption by Bartlett's Test.  The multiple comparison is performed based on
procedures described by Dunnett (1955).
 
2.2  The source code for the Dunnett's program is structured into a series of subroutines, controlled by a driver
routine.  Each subroutine has a specific function in the Dunnett's Procedure, such as data input, transforming the
data, testing for equality of variances, computing p values, and calculating the one-way analysis of variance. 

2.3  The program compares up to seven toxicant concentrations against the control, and can accommodate up to
50 replicates per concentration.

2.4  If the number of replicates at each toxicant concentration and control are not equal, a t test with Bonferroni's
adjustment is performed instead of Dunnett's Procedure (see Appendix D).

2.5  The program was written in IBM-PC FORTRAN by Computer Sciences Corporation, 26 W. Martin Luther
King Drive, Cincinnati, OH 45268.  A compiled executable version of the program can be obtained from
EMSL-Cincinnati by sending a written request to EMSL at 3411 Church Street, Cincinnati, OH  45244.
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2.6  DATA INPUT AND OUTPUT

2.6.1  Reproduction data from a daphnid, Ceriodaphnia dubia, survival and reproduction test (Table C.6) are
used to illustrate the data input and output for this program.

        TABLE C.6. SAMPLE DATA FOR DUNNETT'S PROGRAM CERIODAPHNIA DUBIA
REPRODUCTION DATA

Effluent Concentration (%)

Replicate Control 1.56 3.12 6.25 12.5

1 27 32 39 27 10 
2 30 35 30 34 13 
3 29 32 33 36 7 
4 31 26 33 34 7 
5 16 18 36 31 7 
6 15 29 33 27 10 
7 18 27 33 33 10 
8 17 16 27 31 16 
9 14 35 38 33 12 

10 27 13 44 31 2 

2.6.2  Data Input

2.6.2.1  When the program is entered, the user is asked to select the type of data to be entered: 

1. Response proportions, like survival or fertilization proportions.
2. Counts and measurements, like offspring counts, cystocarp counts or weights.

2.6.2.2  After the type of data is chosen, the user has the following options: 

1. Create a data file
2. Edit a data file
3. Perform analysis on existing data set
4. Stop

2.6.2.3  When Option 1 (Create a data file) is selected for counts and measurements, the program prompts the
user for the following information:

1. Number of concentrations, including control 
2. For each concentration: 

- number of observations 
- data for each observation 

2.6.2.4  After the data have been entered, the user may save the file on a disk, and the program returns to the
menu (see below).
2.6.2.5  Sample data input is shown in fugure C1.
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EMSL Cincinnati Dunnett Software
Version 1.5

1) Create a data file
2) Edit a data file
3) Perform ANOVA on existing data
4) Stop

Your choice ? 1

Number of groups, including control ? 5

Number of observations for group  1 ? 10

Enter the data for group  1 one observation at a time.

NO.  1?  27

NO.  2?  30

NO.  3?  29

NO.  4?  31

NO.  5?  16

NO.  6?  15

NO.  7?  18

NO.  8?  17

NO.  9?  14

NO. 10?  27

Number of observations for group  2  ?  10

Do you wish to save the data on disk  ?y

Disk file for output  ?  cerio

                                                                        

Figure C.1. Sample Data Input for Dunnett's Program for Reproduction Data
from Table C.6.
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2.6.3   Program Output

2.6.3.1  When Option 3 (Perform analysis on existing data set) is selected from the menu, the user is asked to
select the transformation desired, and indicate whether they expect the means of the test groups to be less or
greater than the mean for the control group (see Figure C.2).

2.6.3.2  Summary statistics (Figure C.3) for the raw and transformed data, if applicable, the ANOVA table,
results of Bartlett's Test, the results of the multiple comparison procedure and the minimum detectable difference
are included in the program output.
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EMSL Cincinnati Dunnett Software
Version 1.5

1) Create a data file
2) Edit a data file
3) Perform analysis on existing data set
4) Stop

Your choice  ?  3

File name  ?  cerio

Available Transformations

1) no transform
2) square root
3) log10

Your choice ? 1

Dunnett's test as implemented in this program is
a one-sided test. You must specify the direction
the test is to be run; that is, do you expect the
means for the test groups to be less than or
greater than the mean for the control group mean.

Direction for Dunnett's test : L=less than, G=greater than ? L

Figure C.2. Example of Choosing Option 3 from the Menu of the Dunnett Program.            
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Ceriodaphnia Reproduction Data from Table C.6

Summary Statistics and ANOVA

                 Transformation =      None

   Group       n            Mean            s.d.            CV%
                                                                      

1 = control   10           22.4000         6.9314           30.9
    2         10           26.3000         8.0007           30.4
    3         10           34.6000         4.8351           14.0
    4         10           31.7000         2.9458            9.3
    5*        10            9.4000         3.8930           41.4
                                                                      

*) the mean for this group is significantly less than the control 
   mean at alpha = 0.05 (1-sided) by Dunnett's test

Minimum detectable difference for Dunnett's test = -5.628560
This difference corresponds to -25.13 percent of control

Between concentrations
Sum of squares = 3887.880000 with  4 degrees of freedom.

Error mean square = 31.853333 with 45 degrees of freedom.

Bartlett's test p-value for equality of variances = .029

Do you wish to restart the program ?

Figure C.3. Example of Program Output for the Dunnett's Program Using the Reproduction Data from
Table C.6.     
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APPENDIX  D

T TEST WITH BONFERRONI'S ADJUSTMENT

1. The t test with Bonferroni's adjustment is used as an alternative to Dunnett's Procedure when the number of
replicates is not the same for all concentrations.  This test sets an upper bound of alpha on the overall error rate,
in contrast to Dunnett's Procedure, for which the overall error rate is fixed at alpha.  Thus, Dunnett's Procedure
is a more powerful test.

2. The t test with Bonferroni's adjustment is based on the same assumptions of normality and homogeneity of
variance as Dunnett's Procedure (see Appendix B for testing these assumptions), and, like Dunnett's Procedure,
uses a pooled estimate of the variance, which is equal to the error value calculated in an analysis of variance.

3. An example of the use of the t test with Bonferroni's adjustment is provided below.  The data used in the
example are the same as in Appendix C, except that the third replicate from the 256 µg/L concentration is
presumed to have been lost.  Thus, Dunnett's Procedure cannot be used.  The weight data are presented in
Table D.1.

 TABLE D.1. FATHEAD MINNOW, PIMEPHALES PROMELAS, LARVAL GROWTH DATA
(WEIGHT IN MG) USED FOR THE T-TEST WITH BONFERRONI'S ADJUSTMENT

NaPCP Concentration (µg/L)

Replicate Control 32 64 128 256 

A 0.711 0.517 0.602 0.566 0.455 
B 0.662 0.501 0.669 0.612 0.502 
C 0.646 0.723 0.694 0.410 (LOST) 
D 0.690 0.560 0.676 0.672 0.254 

Mean( ) 0.677 0.575 0.660 0.565 0.404 

Total(T ) 2.709 2.301 2.641 2.260 1.211 i

3.1  One way to obtain an estimate of the pooled variance is to construct an ANOVA table including all sums of
squares, using the following formulas:

  Where: p = number of effluent concentrations including the control

N = the total sample size; 

n  = the number of replicates for concentration ii
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     Total Sum of Squares

     Between Sum of Squares

     Within Sum of Squares

   Where:  G = The grand total of all sample observations; 

                              
T = The total of the replicate measurements for concentration i i

            
         Y = The jth observation for concentration i ij

3.2  For the data in this example:

n  = n  = n  = n  = 41 2  3 4

T = Y  + Y  + Y  + Y  = 2.7091 11 12 13 14

T = Y  + Y  + Y  + Y  = 2.301  2 21 22 23 24

T = Y  + Y  + Y  + Y  = 2.641 3 31 32 33 34

T = Y  + Y  + Y  + Y  = 2.2604 41 42 43 44

T = Y  + Y  + Y  + Y  = 1.2115 51 52 53 54

G = T  + T  + T  + T  + T  = 11.1221 2 3 4 5

         

= 6.668 - (11.122)  /19 2

= 0.158 

      

= 6.779 - (11.122) /19 2

= 0.269
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      TABLE D.3. COMPLETED ANOVA TABLE FOR THE T-TEST WITH BONFERRONI'S
ADJUSTMENT

Source df SS Mean Square

Between 5 - 1 =  4 0.158 0.0395 

Within 19 - 5 = 14 0.111 0.0029 

Total 18 0.269

= 0.269 - 0.158 

= 0.111 

3.3  Summarize these data in the ANOVA table (Table D.2): 

          TABLE D.2.  ANOVA TABLE FOR BONFERRONI'S ADJUSTMENT

Source df Sum of Mean Square (MS)
Squares (SS) (SS/df)

 
Between p - 1 SSB S = SSB/(p-1)B

2

Within N - p SSW S = SSW/(N-p)W
2

Total N - 1 SST
 

3.4  Summarize these data in the ANOVA table (Table D.3):

3.5  To perform the individual comparisons, calculate the t statistic for each concentration and control
combination, as follows:

   Where: = mean for each concentration 

= mean for the control 

S = square root of the within mean square w
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n = number of replicates in the control. 1

n = number of replicates for concentration i. i

3.6  Table D.4 includes the calculated t values for each concentration and control combination.

                     TABLE D.4.  CALCULATED T VALUES

NaPCP 
Concentration i t  i

(µg/L) 

32 2 1.623
64 3 0.220 

128 4 1.782 
256 5 4.022 

3.7  Since the purpose of the test is only to detect a decrease in growth from the control, a one-sided test is
appropriate.  The critical value for the one-sided comparison (2.510), with an overall alpha level of 0.05,
fourteen degrees of freedom and four concentrations excluding the control, was obtained from Table D.5. The
mean weight for concentration "i" is considered significantly less than the mean weight for the control if t  isi

greater than the critical value.  Since t  is greater than 2.510, the 256 µg/L concentration has significantly lower5

growth than the control.  Hence the NOEC and LOEC for growth are 128 µg/L and 256 µg/L, respectively.
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              TABLE D.5. CRITICAL VALUES FOR "T" FOR THE T TEST WITH BONFERRONI'S ADJUSTMENT 
P = 0.05 CRITICAL LEVEL, ONE TAILED 

  
 df K = 1 K = 2 K = 3 K = 4 K = 5 K = 6 K = 7 K = 8 K = 9 K = 10
 

 1 6.314 12.707 19.002 25.452 31.821 38.189 44.556 50.924 57.290 63.657
    2 2.920 4.303 5.340 6.206 6.965 7.649 8.277 8.861 9.408 9.925
    3 2.354 3.183 3.741 4.177 4.541 4.857 5.138 5.392 5.626 5.841
    4 2.132 2.777 3.187 3.496 3.747 3.961 4.148 4.315 4.466 4.605
    5 2.016 2.571 2.912 3.164 3.365 3.535 3.681 3.811 3.927 4.033
    6 1.944 2.447 2.750 2.969 3.143 3.288 3.412 3.522 3.619 3.708
    7 1.895 2.365 2.642 2.842 2.998 3.128 3.239 3.336 3.422 3.500
    8 1.860 2.307 2.567 2.752 2.897 3.016 3.118 3.206 3.285 3.356
    9 1.834 2.263 2.510 2.686 2.822 2.934 3.029 3.111 3.185 3.250
  10 1.813 2.229 2.406 2.634 2.764 2.871 2.961 3.039 3.108 3.170
  11 1.796 2.301 2.432 2.594 2.719 2.821 2.907 2.981 3.047 3.106
  12 1.783 2.179 2.404 2.561 2.681 2.730 2.863 2.935 2.998 3.055
  13 1.771 2.161 2.380 2.533 2.651 2.746 2.827 2.897 2.950 3.013
  14 1.762 2.145 2.360 2.510 2.625 2.718 2.797 2.864 2.924 2.977
  15 1.754 2.132 2.343 2.490 2.603 2.694 2.771 2.837 2.895 2.947
  16 1.746 2.120 2.329 2.473 2.584 2.674 2.749 2.814 2.871 2.921
  17 1.740 2.110 2.316 2.459 2.567 2.655 2.729 2.793 2.849 2.899
  18 1.735 2.101 2.305 2.446 2.553 2.640 2.712 2.775 2.830 2.879
  19 1.730 2.094 2.295 2.434 2.540 2.626 2.697 2.759 2.813 2.861
  20 1.725 2.086 2.206 2.424 2.528 2.613 2.684 2.745 2.798 2.846
  21 1.721 2.080 2.278 2.414 2.518 2.602 2.672 2.732 2.785 2.832
  22 1.718 2.074 2.271 2.406 2.509 2.592 2.661 2.721 2.773 2.819
  23 1.714 2.069 2.264 2.398 2.500 2.583 2.651 2.710 2.762 2.808
  24 1.711 2.064 2.258 2.391 2.493 2.574 2.642 2.701 2.752 2.797
  25 1.709 2.060 2.253 2.385 2.486 2.566 2.634 2.692 2.743 2.788
  26 1.706 2.056 2.248 2.379 2.479 2.559 2.627 2.684 2.734 2.779
  27 1.704 2.052 2.243 2.374 2.473 2.553 2.620 2.677 2.727 2.771
  28 1.702 2.049 2.239 2.369 2.468 2.547 2.613 2.670 2.720 2.764
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      TABLE D.5. CRITICAL VALUES FOR "T" FOR THE T TEST WITH BONFERRONI'S ADJUSTMENT
P = 0.05 CRITICAL LEVEL, ONE TAILED (CONTINUED)

  
 
df K = 1 K = 2 K = 3 K = 4 K = 5 K = 6 K = 7 K = 8 K = 9 K = 10

  29 1.700 2.046 2.235 2.364 2.463 2.541 2.607 2.664 2.713 2.757
  30 1.698 2.043 2.231 2.360 2.458 2.536 2.602 2.658 2.707 2.750
  31 1.696 2.040 2.228 2.356 2.453 2.531 2.597 2.652 2.701 2.745
  32 1.694 2.037 2.224 2.352 2.449 2.527 2.592 2.647 2.696 2.739
  33 1.693 2.035 2.221 2.349 2.445 2.523 2.587 2.643 2.691 2.734
  34 1.691 2.033 2.219 2.346 2.442 2.519 2.583 2.638 2.686 2.729
  35 1.690 2.031 2.216 2.342 2.438 2.515 2.579 2.634 2.682 2.724
  36 1.689 2.029 2.213 2.340 2.435 2.512 2.575 2.630 2.678 2.720
  37 1.688 2.027 2.211 2.337 2.432 2.508 2.572 2.626 2.674 2.716
  38 1.686 2.025 2.209 2.334 2.429 2.505 2.568 2.623 2.670 2.712
  39 1.685 2.023 2.207 2.332 2.426 2.502 2.565 2.619 2.667 2.708
  40 1.684 2.022 2.205 2.329 2.424 2.499 2.562 2.616 2.663 2.705
  50 1.676 2.009 2.189 2.311 2.404 2.478 2.539 2.592 2.638 2.678
  60 1.671 2.001 2.179 2.300 2.391 2.463 2.324 2.576 2.621 2.661
  70 1.667 1.995 2.171 2.291 2.381 2.453 2.513 2.564 2.609 2.648
  80 1.665 1.991 2.166 2.285 2.374 2.446 2.505 2.556 2.600 2.639
  90 1.662 1.987 2.162 2.280 2.369 2.440 2.499 2.549 2.593 2.632
 100 1.661 1.984 2.158 2.276 2.365 2.435 2.494 2.544 2.588 2.626
 110 1.659 1.982 2.156 2.273 2.361 2.432 2.490 2.540 2.583 2.622
 120 1.658 1.980 2.153 2.270 2.358 2.429 2.487 2.536 2.580 2.618
Infinite 1.645 1.960 2.129 2.242 2.327 2.394 2.450 2.498 2.540 2.576

  d.f. =  Degrees of freedom for MSE (Mean Square Error) from ANOVA.
     K  =  Number of concentrations to be compared to the control.
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   TABLE E.1. EXAMPLE OF STEEL'S MANY-ONE RANK TEST:  DATA FOR THE DAPHNID,
CERIODAPHNIA DUBIA, 7-DAY CHRONIC TEST

No.
Effluent Replicate Live

Concentration 1 2 3 4 5 6 7 8 9 10 Adults
 
Control 20 26 26 23 24 27 26 23 27 24 10

3% 13 15 14 13 23 26 0 25 26 27 9
6% 18 22 13 13 23 22 20 22 23 22 10

12% 14 22 20 23 20 23 25 24 25 21 10
25% 9 0 9 7 6 10 12 14 9 13 8
50% 0 0 0 0 0 0 0 0 0 0 0

APPENDIX  E

STEEL'S MANY-ONE RANK TEST

1.  Steel's Many-one Rank Test is a nonparametric test for comparing  treatments with a control.  This test is an
alternative to Dunnett's Procedure, and may be applied to data when the normality assumption has not been met. 
Steel's Test requires equal variances across the treatments and the control, but it is thought to be fairly insensitive
to deviations from this condition (Steel, 1959).  The tables for Steel's Test require an equal number of replicates
at each concentration.  If this is not the case, use Wilcoxon's Rank Sum Test, with Bonferroni's adjustment (see
Appendix F).

2.  For an analysis using Steel's Test, for each control and concentration combination, combine the data and
arrange the observations in order of size from smallest to largest.  Assign the ranks to the ordered observations
(1 to the smallest, 2 to the next smallest, etc.).  If ties occur in the ranking, assign the average rank to the
observation.  (Extensive ties would invalidate this procedure).  The sum of the ranks within each concentration
and within the control is then calculated.  To determine if the response in a concentration is significantly
different from the response in the control, the minimum rank sum for each concentration and control combination
is compared to the significant values of rank sums given later in this section.  In this table, k equals the number
of treatments excluding the control and n equals the number of replicates for each concentration and the control.

3.  An example of the use of this test is provided below.  The test employs reproduction data from a
Ceriodaphnia dubia 7-day, chronic test.  The data are listed in Table E.1.  Significant mortality was detected via
Fisher's Exact Test in the 50% effluent concentration.  The data for this concentration is not included in the
reproduction analysis.

4. For each control and concentration combination, combine the data and arrange the observations in order of
size from smallest to largest.  Assign ranks (1, 2, 3,..., 16) to the ordered observations (1 to the smallest, 2 to the
next smallest, etc.).  If ties occur in the ranking, assign the average rank to each tied observation. 

5.  An example of assigning ranks to the combined data for the control and 3% effluent concentration is given in
Table E.2.  This ranking procedure is repeated for each control and concentration combination.  The complete set
of rankings is listed in Table E.3.  The ranks are then summed for each effluent concentration, as shown in
Table E.4.
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     TABLE E.2. EXAMPLE OF STEEL'S MANY-ONE RANK TEST:  ASSIGNING 
RANKS TO THE CONTROL AND 3% EFFLUENT CONCENTRATION

Rank Number of Young Control or % Effluent
Produced

1 0 3
2.5 13 3
2.5 13 3
4 14 3
5 15 3
6 20 Control 
8 23 Control 
8 23 Control 
8 23 3 

10.5 24 Control 
10.5 24 Control 
12 25 3 
15 26 Control 
15 26 Control 
15 26 Control 
15 26 3 
15 26 3 
19 27 Control 
19 27 Control 
19 27 3 

 

TABLE E.3.  TABLE OF RANKS

Replicate Control Effluent Concentration (%)1

(Organism) 3 6 12 25
1 20 (6,4.5,3,11) 13 (2.5) 18 (3) 14 (1) 9 (5)
2 26 (15,17,17,17) 15 (5) 22 (7.5) 22 (6) 0 (1)
3 26 (15,17,17,17) 14 (4) 13 (1.5) 20 (3) 9 (5)
4 23 (8,11.5,8.5,12.5) 13 (2.5) 13 (1.5) 23 (8.5) 7 (3)
5 24 (10.5,14.5,12,14.5) 23 (8) 23 (11.5) 20 (3) 6 (2)
6 27 (19,19.5,19.5,19.5) 26 (15) 22 (7.5) 23 (8.5) 10 (7)
7 26 (15,17,17,17) 0 (1) 20 (4.5) 25 (14.5) 12 (8)
8 23 (8,11.5,8.5,12.5) 25 (12) 22 (7.5) 24 (12) 14 (10)
9 27 (19,19.5,19.5,19.5) 26 (15) 23 (11.5) 25 (14.5) 9 (5)

10 24 (10.5,14.5,12,14.5) 27 (19) 22 (7.5) 21 (5) 13 (9)

  Control ranks are given in the order of the concentration with which they were ranked.1
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                         TABLE E.4.  RANK SUMS 
  ________________________________________________

Effluent Rank Sum 
Concentration 

(%) 
             ________________________________________________

3 84 
                     6 64 

12 76 
25 55 

             ________________________________________________

6.  For this set of data, determine if the reproduction in any of the effluent concentrations is significantly lower
than the reproduction by the control organisms.  If this occurs, the rank sum at that concentration would be
significantly lower than the rank sum of the control.  Thus, compare the rank sums for the reproduction of each
of the various effluent concentrations with some "minimum" or critical rank sum, at or below which the
reproduction would be considered to be significantly lower than the control.  At a probability level of 0.05, the
critical rank in a test with four concentrations and ten replicates is 76 (see Table E.5 , for R=4).

7.  Comparing the rank sums in Table E.4 to the appropriate critical rank, the 6%, 12% and 25% effluent
concentrations are found to be significantly different from the control.  Thus the NOEC and LOEC for
reproduction are 3% and 6%, respectively.
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        TABLE E.5. SIGNIFICANT VALUES OF RANK SUMS: JOINT CONFIDENCE COEFFICIENTS
OF 0.95 (UPPER) and 0.99 (LOWER) FOR ONE-SIDED ALTERNATIVES (Steel,
1959)

k = number of treatments (excluding control)

n 2 3 4 5 6 7 8 9
            

4 11 10 10 10 10 -- -- --
-- -- -- -- -- -- -- --

5 18 17 17 16 16 16 16 15
15 -- -- -- -- -- -- --

6 27 26 25 25 24 24 24 23
23 22 21 21 -- -- -- --

7 37 36 35 35 34 34 33 33
32 31 30 30 29 29 29 29

8 49 48 47 46 46 45 45 44
43 42 41 40 40 40 39 39

9 63 62 61 60 59 59 58 58
56 55 54 53 52 52 51 51

10 79 77 76 75 74 74 73 72
71 69 68 67 66 66 65 65

11 97 95 93 92 91 90 90 89
87 85 84 83 82 81 81 80

12 116 114 112 111 110 109 108 108
105 103 102 100 99 99 98 98

13 138 135 133 132 130 129 129 128
125 123 121 120 119 118 117 117

14 161 158 155 154 153 152 151 150
147 144 142 141 140 139 138 137

15 186 182 180 178 177 176 175 174
170 167 165 164 162 161 160 160

16 213 209 206 204 203 201 200 199
196 192 190 188 187 186 185 184

17 241 237 234 232 231 229 228 227
223 219 217 215 213 212 211 210

18 272 267 264 262 260 259 257 256
252 248 245 243 241 240 239 238

19 304 299 296 294 292 290 288 287
282 278 275 273 272 270 268 267

20 339 333 330 327 325 323 322 320
315 310 307 305 303 301 300 299
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APPENDIX  F

WILCOXON RANK SUM TEST

1.  Wilcoxon's Rank Sum Test is a nonparametric test, to be used as an alternative to Steel's Many-one Rank
Test when the number of replicates are not the same at each concentration.  A Bonferroni's adjustment of the
pairwise error rate for comparison of each concentration versus the control is used to set an upper bound of
alpha on the overall error rate, in contrast to Steel's Many-one Rank Test, for which the overall error rate is fixed
at alpha.  Thus, Steel's Test is a more powerful test.

2.  An example of the use of the Wilcoxon Rank Sum Test is provided in Table F.1.  The data used in the
example are the same as in Appendix E, except that two males are presumed to have occurred, one in the control
and one in the 25% effluent concentration.  Thus, there is unequal replication for the reproduction analysis.

3.  For each concentration and control combination, combine the data and arrange the values in order of size,
from smallest to largest.  Assign ranks to the ordered observations (a rank of 1 to the smallest, 2 to the next
smallest, etc.).  If ties in rank occur, assign the average rank to each tied observation. 

   TABLE F.1. EXAMPLE OF WILCOXON'S RANK SUM TEST:  DATA FOR THE DAPHNID,
CERIODAPHNIA DUBIA, 7-DAY CHRONIC TEST

No.
Effluent Replicate Live

Concentration 1 2 3 4 5 6 7 8 9 10 Adults

Cont M 26 26 23 24 27 26 23 27 24 10
3% 13 15 14 13 23 26 0 25 26 27 9
6% 18 22 13 13 23 22 20 22 23 22 10

12% 14 22 20 23 M 23 25 24 25 21 10
25% 9 0 9 7 6 10 12 14 9 13 8
50% 0 0 0 0 0 0 0 0 0 0 0

4.  An example of assigning ranks to the combined data for the control and 3% effluent concentration is given in
Table F.2.  This ranking procedure is repeated for each of the three remaining control versus test concentration
combinations.  The complete set of ranks is listed in Table F.3.  The ranks are then summed for each effluent
concentration, as shown in Table F.4.

5.  For this set of data, determine if the reproduction in any of the effluent concentrations is significantly lower
than the reproduction by the control organisms.  If this occurs, the rank sum at that concentration would be
significantly lower than the rank sum for the control.  Thus, compare the rank sums for the reproduction of each
of the various effluent concentrations with some "minimum" or critical rank sum, at or below which the
reproduction would be considered to be significantly lower than the control.  At a probability level of 0.05, the
critical rank in a test with four concentrations and nine replicates in the control is 72 for those concentrations
with ten replicates, and 60 for those concentrations with nine replicates (see Table F.5, for K = 4).

6.  Comparing the rank sums in Table F.4 to the appropriate critical rank, the 6%, 12% and 25% effluent
concentrations are found to be significantly different from the control.  Thus, the NOEC and LOEC for
reproduction are 3% and 6%, respectively.
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      TABLE F.2. EXAMPLE OF WILCOXON'S RANK SUM TEST:  ASSIGNING 
RANKS TO THE CONTROL AND EFFLUENT CONCENTRATIONS 

 
Rank Number of Young Control or % Effluent 

Produced 
 

1 0 3
2.5 13 3
2.5 13 3
4 14 3
5 15 3
7 23 Control 
7 23 Control 
7 23 3
9.5 24 Control
9.5 24 Control
11 25 3
14 26 Control
14 26 Control
14 26 Control
14 26 3
14 26 3
18 27 Control
18 27 Control
18 27 3
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TABLE F.3.  TABLE OF RANKS

Replicate Control Effluent Concentration (%)1

(Organism) 3 6 12 25 
1 M 13 (2.5) 18 (3) 14 (1) 9 (5)
2 26 (14,16,15,16) 15 (5) 22 (6.5) 22 (4) 0 (1)
3 26 (14,16,15,16) 14 (4) 13 (1.5) 20 (2) 9 (5)
4 23 (7,10.5,6.5,11.5) 13 (2.5) 13 (1.5) 23 (6.5) 7 (3)
5 24 (9.5,13.5,10,13.5) 23 (7) 23 (10.5) M 6 (2)
6 27 (18,18.5,17.5,18.5) 26 (14) 22 (6.5) 23 (6.5) 10 (7)
7 26 (14,16,15,16) 0 (1) 20 (4) 25 (12.5) 12 (8)
8 23 (7,10.5,6.5,11.5) 25 (11) 22 (6.5) 24 (10) 14 (10)
9 27 (18,18.5,17.5,18.5) 26 (14) 23 (10.5) 25 (12.5) 9 (5)

10 24 (9.5,13.5,10,13.5) 27 (18) 22 (6.5) 21 (3) 13 (9)

  Control ranks are given in the order of the concentration with which they were ranked.1

TABLE F.4.  RANK SUMS 

Effluent Rank Sum No. of Critical 
Concentration Replicates Rank Sum 

3 79 10 72 
6 57 10 72 

12 58 9 60 
25 55 10 72 
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   TABLE F.5. CRITICAL VALUES FOR WILCOXON'S RANK SUM TEST WITH
BONFERRONI'S ADJUSTMENT OF ERROR RATE FOR COMPARISON
OF "K" TREATMENTS VERSUS A CONTROL FIVE PERCENT CRITICAL
LEVEL (ONE-SIDED ALTERNATIVE: TREATMENT CONTROL)

 
K No. Replicates No. of Replicates Per Effluent Concentration

in Control 
3 4 5 6 7 8 9 10 

 
1 3 6 10 16 23 30 39 49 59

4 6 11 17 24 32 41 51 62
5 7 12 19 26 34 44 54 66
6 8 13 20 28 36 46 57 69
7 8 14 21 29 39 49 60 72
8 9 15 23 31 41 51 63 72
9 10 16 24 33 43 54 66 79

10 10 17 26 35 45 56 69 82

 
2 3 -- -- 15 22 29 38 47 58

4 -- 10 16 23 31 40 49 60
5 6 11 17 24 33 42 52 63
6 7 12 18 26 34 44 55 66
7 7 13 20 27 36 46 57 69
8 8 14 21 29 38 49 60 72
9 8 14 22 31 40 51 62 75

10 9 15 23 32 42 53 65 78

 
3 3 -- -- -- 21 29 37 46 57

4 -- 10 16 22 30 39 48 59
5 -- 11 17 24 32 41 51 62
6 6 11 18 25 33 43 53 65
7 7 12 19 26 35 45 56 68
8 7 13 20 28 37 47 58 70
9 7 13 21 29 39 49 61 73

10 8 14 22 31 41 51 63 76
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TABLE F.5. CRITICAL VALUES FOR WILCOXON'S RANK SUM TEST WITH
BONFERRONI'S ADJUSTMENT OF ERROR RATE FOR COMPARISON
OF "K" TREATMENTS VERSUS A CONTROL FIVE PERCENT
CRITICAL LEVEL (ONE-SIDED ALTERNATIVE:  TREATMENT
CONTROL) (CONTINUED)

K No. Replicates No. of Replicates Per Effluent Concentration
in Control 

3 4 5 6 7 8 9 10

4 3 -- -- -- 21 28 37 46 56
4 -- -- 15 22 30 38 48 59
5 -- 10 16 23 31 40 50 61
6 6 11 17 24 33 42 52 64
7 6 12 18 26 34 44 55 67
8 7 12 19 27 36 46 57 69
9 7 13 20 28 38 48 60 72

10 7 14 21 30 40 50 62 75

5 3 -- -- -- -- 28 36 46 56
4 -- -- 15 22 29 38 48 58
5 -- 10 16 23 31 40 50 61
6 -- 11 17 24 32 42 52 63
7 6 11 18 25 34 43 54 66
8 6 12 19 27 35 45 56 68
9 7 13 20 28 37 47 59 71

10 7 13 21 29 39 49 61 74

6 3 -- -- -- -- 28 36 45 56
4 -- -- 15 21 29 38 47 58
5 -- 10 16 22 30 39 49 60
6 -- 11 16 24 32 41 51 63
7 6 11 17 25 33 43 54 65
8 6 12 18 26 35 45 56 68
9 6 12 19 27 37 47 58 70

10 7 13 20 29 38 49 60 73

7 3 -- -- -- -- -- 36 45 56
4 -- -- -- 21 29 37 47 58
5 -- -- 15 22 30 39 49 60
6 -- 10 16 23 32 41 51 62
7 -- 11 17 25 33 43 53 65
8 6 11 18 26 35 44 55 67
9 6 12 19 27 36 46 58 70

10 7 13 20 28 38 48 60 72
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TABLE F.5. CRITICAL VALUES FOR WILCOXON'S RANK SUM TEST WITH
BONFERRONI'S ADJUSTMENT OF ERROR RATE FOR COMPARISON OF
"K" TREATMENTS VERSUS A CONTROL FIVE PERCENT CRITICAL
LEVEL (ONE-SIDED ALTERNATIVE:  TREATMENT CONTROL)
(CONTINUED)

K No. Replicates No. of Replicate Per Effluent Concentration
in Control 

3 4 5 6 7 8 9 10 

8 3 -- -- -- -- -- 36 45 55 
4 -- -- -- 21 29 37 47 57 
5 -- -- 15 22 30 39 49 59 
6 -- 10 16 23 31 40 51 62 
7 -- 11 17 24 33 42 53 64 
8 6 11 18 25 34 44 55 67 
9 6 12 19 27 36 46 57 69 

10 6 12 19 28 37 48 59 72 

 
9 3 -- -- -- -- -- -- 45 55 

4 -- -- -- 21 28 37 46 57 
5 -- -- 15 22 30 39 48 59 
6 -- 10 16 23 31 40 50 62 
7 -- 10 17 24 33 42 52 64 
8 -- 11 18 25 34 44 55 66 
9 6 11 18 26 35 46 57 69 

10 6 12 19 28 37 47 59 71 

 
10 3 -- -- -- -- -- -- 45 55 

4 -- -- -- 21 28 37 46 57 
5 -- -- 15 22 29 38 48 59 
6 -- 10 16 23 31 40 50 61 
7 -- 10 16 24 32 42 52 64 
8 -- 11 17 25 34 43 54 66 
9 6 11 18 26 35 45 56 68 

10 6 12 19 27 37 47 58 71 
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APPENDIX  G

FISHER'S EXACT TEST

1.  Fisher's Exact Test (Finney, 1948; Pearson and Hartley, 1962) is a statistical method based on the hypergeometric
probability distribution that can be used to test if the proportion of successes is the same in two Bernoulli (binomial)
populations.  When used with the Ceriodaphnia dubia data, it provides a conservative test of the equality of any two
survival proportions assuming only the independence of responses from a Bernoulli population.  Additionally, since
it is a conservative test, a pair-wise comparison error rate of 0.05 is suggested rather that an experiment-wise error
rate.

2.  The basis for Fisher's Exact Test is a 2×2 contingency table.  However, in order to use this table the contingency
table must be arranged in the format shown in Table G.1.  From the 2×2 table, set up for the control and the
concentration you wish to compare, you can determine statistical significance by looking up a value in the table
provided later in this section. 

TABLE G.1.  FORMAT FOR CONTINGENCY TABLE

Number of
Number of

Successes Failures Observations

Row 1 a A - a A 

Row 2 b B - b B 

Total a + b [(A + B) - a - b] A + B 

3.  Arrange the table so that the total number of observations for row one is greater than or equal to the total for row
two (A ≥ B).  Categorize a success such that the proportion of successes for row one is greater than or equal to the
proportion of successes for row two (a/A ≥ b/B).  For the Ceriodaphnia dubia survival data, a success may be 'alive'
or 'dead', whichever causes a/A ≥ b/B.  The test is then conducted by looking up a value in the table of significance
levels of b and comparing it to the b value given in the contingency table.  The table of significance levels of b is
Table G.5.  Enter Table G.5 in the section for A, subsection for B, and the line for a.  If the b value of the
contingency table is equal to or less than the integer in the column headed 0.05 in Table G.5, then the survival
proportion for the effluent concentration is significantly different from the survival proportion for the control.  A dash
or absence of entry in Table G.5 indicates that no contingency table in that class is significant. 

4.  To illustrate Fisher's Exact Test, a set of survival data (Table G.2) from the daphnid, Ceriodaphnia dubia,
survival and reproduction test will be used. 

5.  For each control and effluent concentration construct a 2x2 contingency table.

6.  For the control and effluent concentration of 1% the appropriate contingency table for the test is given in
Table G.3.
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               TABLE G.2. EXAMPLE OF FISHER'S EXACT TEST:
CERIODAPHNIA DUBIA MORTALITY DATA 

Effluent
Concentration (%) No. Dead Total1

Control 1 9
 

1 0 10
 

3 0 10
 

6 0 10
 

12 0 10
 

25 10 10

  Total number of live adults at the beginning of the test. 1

 7.  Since 10/10 > 8/9, the category 'alive' is regarded as a success.  For A = 10, B = 9 and, a = 10, under the
column headed 0.05, the value from Table G.5 is b = 5.  Since the value of b (b = 8) from the contingency table
(Table G.3), is greater than the value of b (b = 5) from Table G.5, the test concludes that the proportion of survival
is not significantly different for the control and 1% effluent.

8.  The contingency tables for the combinations of control and effluent concentrations of 3%, 6%, 12% are identical
to Table G.3.  The conclusion of no significant difference in the proportion of survival for the control and the level
of effluent would also remain the same.

9.  For the combination of control and 25% effluent, the contingency table would be constructed as Table G.4.  The
category 'dead' is regarded as a success, since 10/10 > 1/9.  The b value (b = 1) from the contingency table
(Table G.4) is less than the b value (b = 5) from the table of significance levels of b (Table G.5).  Thus, the percent
mortality for 25% effluent is significantly greater than the percent mortality for the control.  Thus, the NOEC and
LOEC for survival are 12% and 25%, respectively.

TABLE G.3.  2×2 CONTINGENCY TABLE FOR CONTROL AND 1% EFFLUENT

Number of
Number of 

Alive Dead Observations 
  

1% Effluent 10 0 10

Control 8 1 9

Total 18 1 19
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Table G.4.  2x2 CONTINGENCY TABLE FOR CONTROL AND 25% EFFLUENT 

Number of
Number of

Dead Alive Observations
    

25% Effluent 10 0 10 

Control 1 8 9 

Total 11 8 19 
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       TABLE G.5. SIGNIFICANT LEVELS OF B: VALUES OF B (LARGE TYPE) 
AND CORRESPONDING PROBABILITIES (SMALL TYPE)  1

" "0-05 0-025 0-01 0-005 0-05 0-025 0-01 0-005

A=8 B=8 8  4 -038  3 -013  2 -003  2 -003

A=3 B=3 3 0 -050    ——   ——   —— 7  2 -020  2 -020  1 -005
+  0 -001

 6  1 -020  1 -020  0 -003  0 -003

5  0 -013  0 -013    ——    ——

A=4 B=4 4  1 -014  1 -014   ——   —— 4  0 -038    ——    ——    ——

      3 4  0 -029   ——   ——   ——       7 8  3 -026  2 -007  2 -007  1 -001

7  2 -035
-  1 -009  1 -009  0 -001

A=5 B=5 5  1 -024  1 -024  0 -004  0 -004 6  1 -032  0 -006  0 -006    ——

      4  0 -024  1 -024   ——   —— 5  0 -019  0 -019    ——    ——

      4 5  1 -048  0 -008  0 -008   ——       6 8  2 -015
-  2 -015

-  1 -003  1 -003

      4  0 -040   ——   ——   —— 7  1 -016  1 -016  0 -002  0 -002

      3 5  0 -018  0 -018   ——   —— 6  0 -009  0 -009  0 -009    ——

      2 5  0 -048   ——   ——   —— 5  0 -028   ——   ——    ——

      5 8  2 -035
-  1 -007  1 -007  0 -001

7  1 -032  0 -005
-  0 -005

-  0 -005
-

A=6 B=6 6  2 -030  1 -008  1 -008  0 -001 6  0 -016  0 -016   ——    ——

5  1 -040  0 -008  0 -008   —— 5  0 -044   ——   ——    ——

      4  0 -030   ——   ——   ——       4 8  1 -018  1 -018  0 -002  0 -002

      5 6  1 -015
+  0 -015

+  0 -002  0 -002 7  0 -010
+  0 -010

+   ——   ——

5  0 -013  0 -013   ——   —— 6  0 -030   ——   ——   ——

4  0 -045
+   ——   ——   ——       3 8  0 -006  0 -006  0 -006   ——

      4 6  1 -033  0 -005
-  0 -005

-  0 -005
- 7  0 -024  0 -024   ——   ——

 5  0 -024  0 -024   ——   ——       2 8  0 -022  0 -022   ——   ——

      3 6  0 -012  0 -012   ——   —— A=9 B=9 9  5 -041  4 -015
-  3 -005

-  3 -005
-

5  0 -048   ——   ——   —— 8  3 -025
-  3 -025

-  2 -008  1 -002

      2 6  0 -036   ——   ——   —— 7  2 -028  1 -008  1 -008  0 -001

6  1 -025
-  1 -025

-  0 -005
-  0 -005

-

A=7 B=7 7  3 -035
-  2 -010

+  1 -002  1 -002 5  0 -015
-  0 -015

-   ——   ——

6  1 -015
-  1 -015

-  0 -002  0 -002 4  0 -041   ——   ——   ——

5  1 -010
+  0 -010

+   ——   ——       8 9  4 -029  3 -009  3 -009  2 -002

4  0 -035-   ——   ——   —— 8  3 -043  2 -013  1 -003  1 -003

      6 7  2 -021  2 -021  1 -005
-  1 -005

- 7  2 -044  1 -012  0 -002  0 -002

6  1 -025
+  0 -004  0 -004  0 -004 6  1 -036  0 -007  0 -007   ——

5  0 -016  0 -016   ——   —— 5  0 -020  0 -020   ——   ——

4  0 -049   ——   ——   ——       7 9  3 -019  3 -019  2 -005  2 -005
-

      5 7  2 -045
+  1 -010

+  0 -001  0 -001 8  2 -024  2 -024  1 -006  0 -001

6  1 -045
+  0 -008  0 -008   —— 7  1 -020  1 -020  0 -003  0 -003

5  0 -027   ——   ——   —— 6  0 -010
+  0 -010

+   ——   ——

      7  1 -024  1 -024   ——  0 -003 5  0 -029   ——   ——   ——

6  0 -015
+  0 -015

+  0 -003   ——       6 9  3 -044  2 -011  1 -002  1 -002

5  0 -045
+   ——   ——   —— 8  2 -047  1 -011  0 -001  0 -001

7  0 -008  0 -008  0 -008   —— 7  1 -035
-  0 -006  0 -006   ——

6  0 -033   ——   ——   —— 6  0 -017  0 -017   ——   ——

7  0 -028   ——   ——   —— 5  0 -042   ——   ——   ——

The table shows:(1) In bold type, for given a, A and B, the value of b ([a) which is just significant at the probability level quoted1

(one-tailed test); and (2) In small type, for given A, B and r = a + b, the exact probability (if there is independence) that b is equal
to or less than the integer shown in bold type.  From Pearson and Hartley (1962). 
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TABLE G.5. SIGNIFICANT LEVELS OF B: VALUES OF B (LARGE TYPE) AND CORRESPONDING
PROBABILITIES (SMALL TYPE)  (CONTINUED) 1

"

Probability
"

Probability

0-05 0-025 0-01 0-005 0-05 0-025 0-01 0-005

A=9 B=5 9  2 -027  1 -005
-  1 -005

-  1 -005
- A=10 B=4 10  1 -011  1 -011  0 -001  0 -001

8  1 -023  1 -023  0 -003  0 -003 9  1 -041  0 -005
-  0 -005

-  0 -005
-

7  0 -010
+  0 -010

+   ——   —— 8  0 -015
-  0 -015

-   ——   ——

6  0 -028   ——   ——   —— 7  0 -035
-   ——   ——   ——

      4 9  1 -014  1 -014  0 -001  0 -001        3 10  1 -038  0 -003  0 -003  0 -003

8  0 -007  0 -007  0 -007   —— 9  0 -014  0 -014   ——   ——

7  0 -021  0 -021   ——   —— 8  0 -035
-   ——   ——   ——

6  0 -049   ——  0 -005   ——        2 10  0 -015
+  0 -015

+   ——   ——

      3 9  1 -045
+  0 -005

-  0 -005
-  0 -005

- 9  0 -045
+   ——   ——   ——

8  0 -018  0 -018   ——   ——

7  0 -045
+   ——   ——   ——

      2 9  0 -018  0 -018   ——   —— A=11 B=11 11  7 -045
+  6 -018  5 -006  4 -002

10  5 -032  4 -012  3 -004  3 -004

9  4 -040  3 -015
-  2 -004  2 -004

A=10 B=10 10  6 -043  5 -016  4 -005
+  3 -002 8  3 -043  2 -015

-  1 -004  1 -004

9  4 -029  3 -010
-  3 -010  2 -003 7  2 -040  1 -012  0 -002  0 -002

8  3 -035
-  2 -012  1 -003  1 -003 6  1 -032  0 -006  0 -006   ——

7  2 -035
-  1 -010

-  1 -010
-  0 -002 5  0 -018  0 -018   ——   ——

6  1 -029  0 -005
+  0 -005

+   —— 4  0 -045
+   ——   ——   ——

5  0 -016  0 -016   ——   ——        10 11  6 -035
+  5 -012  4 -004  4 -004

4  0 -043   ——   ——   —— 10  4 -021  4 -021  3 -007  2 -002

        9 10  5 -033  4 -011  3 -003  3 -003 9  3 -024  3 -024  2 -007  1 -002

9  4 -050
-  3 -017  2 -005

-  2 -005
- 8  2 -023  2 -023  1 -006  0 -001

8  2 -019  2 -019  1 -004  1 -004 7  1 -017  1 -017  0 -003  0 -003

7  1 -015
-  1 -015

-  0 -002  0 -002 6  1 -043  0 -009  0 -009   ——

6  1 -040  0 -008  0 -008   —— 5  0 -023  0 -023   ——   ——

5  0 -022  0 -022   ——   ——         9 11  5 -026  4 -008  4 -008  3 -002

        8 10  4 -023  4 -023  3 -007  2 -002 10  4 -038  3 -012  2 -003  2 -003

9  3 -032  2 -009  2 -009  1 -002 9  3 -040  2 -012  1 -003  1 -003

8  2 -031  1 -008  1 -008  0 -001 8  2 -035
-  1 -009  1 -009  0 -001

7  1 -023  1 -023  0 -004  0 -004 7  1 -025
-  1 -025

-  0 -004  0 -004

6  0 -011  0 -011   ——   —— 6  0 -012  0 -012   ——   ——

5  0 -029   ——   ——   —— 5  0 -030   ——   ——   ——

        7 10  3 -015
-  3 -015

-  2 -003  2 -003         8 11  4 -018  4 -018  3 -005
-  3 -005

-

9  2 -018  2 -018  1 -004  1 -004 10  3 -024  3 -024  2 -006  1 -001

8  1 -013  1 -013  0 -002  0 -002 9  2 -022  2 -022  1 -005
-  1 -005

-

7  1 -036  0 -006  0 -006   —— 8  1 -015
-  1 -015

-  0 -002  0 -002

6  0 -017  0 -017   ——   —— 7  1 -037  0 -007  0 -007   ——

5  0 -041   ——   ——   —— 6  0 -017  0 -017   ——   ——

        6 10  3 -036  2 -008  2 -008  1 -001 5  0 -040   ——   ——   ——

9  2 -036  1 -008  1 -008  0 -001         7 11  4 -043  3 -011  2 -002  2 -002

8  1 -024  1 -024  0 -003  0 -003 10  3 -047  2 -013  1 002  1 -002

7  0 -010
+  0 -010

+   ——   —— 9  2 -039  1 -009  1 -009  0 -001

6  0 -026   ——   ——   —— 8  1 -025
-  1 -025

-  0 -004  0 -004

        5 10  2 -022  2 -022  1 -004  1 -004 7  0 -010
+  0 -010

+   ——   ——

9  1 -017  1 -017  0 -002  0 -002 6  0 -025
-  0 -025

-   ——   ——

8  1 -047  0 -007  0 -007   ——         6 11  3 -029  2 006  2 -006  1 -001

7  0 -019  0 -019   ——   —— 10  2 -028  1 -005
+  1 -005

+  0 -001

6  0 -042   ——   ——   —— 9  1 -018  1 -018  0 -002  0 -002
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       TABLE G.5. SIGNIFICANT LEVELS OF B: VALUES OF B (LARGE TYPE) AND
CORRESPONDING PROBABILITIES (SMALL TYPE)  (CONTINUED) 1

 "
Probability

"

Probability

0-05 0-025 0-01 0-005 0-05 0-025 0-01 0-005

A=11 B=6 8  1 -043  0 -007  0 -007   —— A=12 B=9 7  1 -037  0 -007  0 -007   ——

7  0 -017  0 -017   ——   —— 6  0 -017  0 -017   ——   ——

6  0 -037   ——   ——   —— 5  0 -039   ——   ——   ——

       5 11  2 -018  2 -018  1 -003  1 -003         8 12  5 -049  4 -014  3 -004  3 -004

10  1 -013  1 -013  0 -001  0 -001 11  3 -018  3 -018  2 -004  2 -004

9  1 -036  0 -005
-  0 -005

-  0 -005
- 10  2 -015

+  2 -015
+  1 -003  1 -003

8  0 -013  0 -013   ——   —— 9  2 -040  1 -010
-  1 -010

-  0 -001

7  0 -029   ——   ——   —— 8  1 -025
-  1 -025

-  0 -004  0 -004

       4 11  1 -009  1 -009  1 -009  0 -001 7  0 -010
+  0 -010

+   ——   ——

10  1 -033  0 -004  0 -004  0 -004 6  0 -024  0 -024   ——   ——

9  0 -011  0 -011   ——   ——         7 12  4 -036  3 -009  3 -009  2 -002

8  0 -026   ——   ——   —— 11  3 -038  2 -010
-  2 -010

-  1 -002

       3 11  1 -033  0 -003  0 -003  0 -003 10  2 -029  1 -006  1 -006  0 -001

10  0 -011  0 -011   ——   —— 9  1 -017  1 -017  0 -002  0 -002

9  0 -027   ——   ——   —— 8  1 -040  0 -007  0 -007   ——

       2 11  0 -013  0 -013   ——   —— 7  0 -016  0 -016   ——   ——

10  0 -038   ——   ——   —— 6  0 -034   ——   ——   ——

        6 12  3 -025
-  3 -025

-  2 -005
-  2 -005

-

11  2 -022  2 -022  1 -004  1 -004

A=12 B=12 12  8 -047  7 -019  6 -007  5 -002 10  1 -013  1 -013  0 -002  0 -002

11  6 -034  5 -014  4 -005
-  4 -005

- 9  1 -032  0 -005
-  0 -005

-  0 -005
-

10  5 -045
-  4 -018  3 -006  2 -002 8  0 -011  0 -011   ——   ——

9  4 -050
-  3 -020  2 -006  1 -001 7  0 -025

-  0 -025
-   ——   ——

8  3 -050
-  2 -018  1 -005

-  1 -005
- 6  0 -050

-   ——   ——   ——

7  2 -045
-  1 -014  0 -002  0 -002         5 12  2 -015

-  2 -015  1 -002  1 -002

6  1 -034  0 -007  0 -007   —— 11  1 -010
-  1 -010

-  1 -010
-  0 -001

5  0 -019  0 -019   ——   —— 10  1 -028  0 -003  0 -003  0 -003

4  0 -047   ——   ——   —— 9  0 -009  0 -009  0 -009   ——

       11 12  7 -037  6 -014  5 -005
-  5 -005

- 8  0 -020  0 -020   ——   ——

11  5 -024  5 -024  4 -008  3 -002 7  0 -041   ——   ——   ——

10  4 -029  3 -010
+  2 -003  2 -003         4 12  2 -050  1 -007  1 -007  0 -001

9  3 -030  2 -009  2 -009  1 -002 11  1 -027  0 -003  0 -003  0 -003

8  2 -026  1 -007  1 -007  0 -001 10  0 -008  0 -008  0 -008   ——

7  1 -019  1 -019  0 -003  0 -003 9  0 -019  0 -019   ——   ——

6  1 -045
-  0 -009  0 -009   —— 8  0 -038   ——   ——   ——

5  0 -024  0 -024   ——   ——         3 12  1 -029  0 -002  0 -002  0 -002

      10 12  6 -029  5 -010  5 -010
-  4 -003 11  0 -009  0 -009  0 -009   ——

11  5 -043  4 -015
+  3 -005

-  3 -005
- 10  0 -022  0 -022   ——   ——

10  4 -048  3 -017  2 -005
-  2 -005

- 9  0 -044   ——   ——   ——

9  3 -046  2 -015
-  1 -004  1 -004         2 12  0 -011  0 -011   ——   ——

8  2 -038  1 -010
+  0 -002  0 -002 11  0 -033   ——   ——   ——

7  1 -026  0 -005
-  0 -005

-  0 -005-
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TABLE G.5. SIGNIFICANT LEVELS OF B: VALUES OF B (LARGE TYPE) AND
CORRESPONDING PROBABILITIES (SMALL TYPE)    (CONTINUED) 1

"

Probability
"

Probability

0-05 0-025 0-01 0-005 0-05 0-025 0-01 0-005

A=13 B=13 7 2 -048 1 -015+  0 -003  0 -003 A=13 B=7 11  2 -022  2 -022  1 -004  1 -004

6 1 -037 0 -007  0 -007   —— 10  1 -012  1 -012  0 -002  0 -002

5 0 -020 0 -020   ——   —— 9  1 -029  0 -004  0 -004  0 -004

4 0 -048   ——   ——   —— 8  0 -010+  0 -010+   ——   ——

       12 13 8 -039 7 -015-  6 -005+  5 -002 7  0 -022  0 -022   ——   ——

12 6 -027 5 -010-  5 -010-  4 -003 6  0 -044   ——   ——   ——

11 5 -033 4 -013  3 -004  3 -004         6 13  3 -021  3 -021  2 -004  2 -004

10 4 -036 3 -013  2 -004  2 -004 12  2 -017  2 -017  1 -003  1 -003

9 3 -034 2 -011  1 -003  1 -003 11  2 -046  1 -010-  1 -010-  0 -001

8 2 -029 1 -008  1 -008  0 -001 10  1 -024  1 -024  0 -003  0 -003

7 1 -020 1 -020  0 -004  0 -004 9  1 -050-  0 -008  0 -008   ——

6 1 -046 0 -010-  0 -010-   —— 8  0 -017  0 -017   ——   ——

5 0 -024 0 -024   ——   —— 7  0 -034   ——   ——   ——

       11 13 7 -031 6 -011  5 -003  5 -003         5 13  2 -012  2 -012  1 -002  1 -002

12 6 -048 5 -018  4 -006  3 -002 12  2 -044  1 -008  1 -008  0 -001

11 4 -021 4 -021  3 -007  2 -002 11  1 -022  1 -022  0 -002  0 -002

10 3 -021 3 -021  2 -006  1 -001 10  1 -047  0 -007  0 -007   ——

9 3 -050- 2 -017  1 -004  1 -004 9  0 -015-  0 -015-   ——   ——

8 2 -040 1 -011  0 -002  0 -002 8  0 -029   ——   ——   ——

7 1 -027 0 -005-  0 -005-  0 -005-         4 13  2 -044  1 -006  1 -006  0 -000

6 0 -013 0 -013   ——   —— 12  1 -022  1 -022  0 -002  0 -002

 5 0 -030   ——   ——   —— 11  0 -006  0 -006  0 -006   ——

       10 13 6 -024 6 -024  5 -007  4 -002 10  0 -015-  0 -015-   ——   ——

12 5 -035- 4 -012  3 -003  3 -003 9  0 -029   ——   ——   ——

11 4 -037 3 -012  2 -003  2 -003         3 13  1 -025  1 -025  0 -002  0 -002

10 3 -033 2 -010+  1 -002  1 -002 12  0 -007  0 -007  0 -007   ——

9 2 -026 1 -006  1 -006  0 -001 11  0 -018  0 -018   ——   ——

8 1 -017 1 -017  0 -003  0 -003 10  0 -036   ——   ——   ——

7 1 -038 0 -007  0 -007   ——         2 13  0 -010-  0 -010-  0 -010-   ——

6 0 -017 0 -017   ——   —— 12  0 -029   ——   ——   ——

        5 0 -038   ——   ——   ——

        9 13 5 -017 5 -017  4 -005-  4 -005-

12 4 -023 4 -023  3 -007  2 -001 A=14 B=14 14  10 -049  9 -020  8 -008  7 -003

11 3 -022 3 -022  2 -006  1 -001 13  8 -038  7 -016  6 -006  5 -002

10 2 -017 2 -017  1 -004  1 -004 12  6 -023  6 -023  5 -009  4 -003

9 2 -040 1 -010+  0 -001  0 -001 11  5 -027  4 -011  3 -004  3 -004

8 1 -025- 1 -025-  0 -004  0 -004 10  4 -028  3 -011  2 -003  2 -003

7 0'-010+ 0 -010+   ——   —— 9  3 -027  2 -009  2 -009  1 -002

6 0 -023 0 -023   ——   —— 8  2 -023  2 -023  1 -006  0 -001

5 0 -049   ——   ——   —— 7  1 -016  1 -016  0 -003  0 -003

        8 13 5 -042 4 -012  3 -003  3 -003 6  1 -038  0 -008  0 -008   ——

12 4 -047 3 -014  2 -003  2 -003 5  0 -020  0 -020   ——   ——

11 3 -041 2 -011  1 -002  1 -002 4  0 -049   ——   ——   ——

10 2 -029 1 -007  1 -007  0 -001        13 14  9 -041  8 -016  7 -006  6 -002

9 1 -017 1 -017  0 -002  0 -002 13  7 -029  6 -011  5 -004  5 -004

8 1 -037 0 -006  0 -006   —— 12  6 -037  5 -015+  4 -005+  3 -002

7 0 -015- 0 -015-   ——   —— 11  5 -041  4 -017  3 -006  2 -001

6 0 -032   ——   ——   —— 10  4 -041  3 -016  2 -005-  2 -005-

        7 13 4 -031 3 -007  3 -007  2 -001 9  3 -038  2 -013  1 -003  1 -003

12 3 -031 2 -007  2 -007  1 -001 8  2 -031  1 -009  1 -009  0 -001
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       TABLE G.5. SIGNIFICANT LEVELS OF B: VALUES OF B (LARGE TYPE) AND
CORRESPONDING PROBABILITIES (SMALL TYPE)   (CONTINUED) 1

"

Probability
"

Probability

0-05 0-025 0-01 0-005 0-05 0-025 0-01 0-005

A=14 B=13 7  1 -021  1 -021  0 -004  0 -004 A=14 B=7 14  4 -026  3 -006  3 -006  2 -001

6  1 -048  0 -010+   ——   —— 13  3 -025  2 -006  2 -006  1 -001

5  0 -025-  0 -025-   ——   —— 12  2 -017  2 -017  1 -003  1 -003

       12 14  8 -033  7 -012  6 -004  6 -004 11  2 -041  1 -009  1 -009  0 -001

13  6 -021  6 -021  5 -007  4 -002 10  1 -021  1 -021  0 -003  0 -003

12  5 -025+  4 -009  4 -009  3 -003 9  1 -043  0 -007  0 -007   ——

11  4 -026  3 -009  3 -009  2 -002 8  0 -015-  0 -015-   ——   ——

10  3 -024  3 -024  2 -007  1 -002 7  0 -030   ——   ——   ——

9  2 -019  2 -019  1 -005-  1 -005-                 14  3 -018  3 -018  2 -003  2 -003

8  2 -042  1 -012  0 -002  0 -002 13  2 -014  2 -014  1 -002  1 -002

7  1 -028  0 -005+  0 -005+   —— 12  2 -037  1 -007  1 -007  0 -001

6  0 -013  0 -013   ——   —— 11  1 -018  1 -018  0 -002  0 -002

5  0 -030   ——   ——   —— 10  1 -038  0 -005+  0 -005+   ——

       11 14  7 -026  6 -009  6 -009  5 -003 9  0 -012  0 -012   ——   ——

13  6 -039  5 -014  4 -004  4 -004 8  0 -024  0 -024   ——   ——

12  5 -043  4 -016  3 -005-  3 -005- 7  0 -044   ——   ——   ——

11  4 -042  3 -015-  2 -004  2 -004         5 14  2 -010+  2 -010+  1 -001  1 -001

10  3 -036  2 -011  1 -003  1 -003 13  2 -037  1 -006  1 -006  0 -001

9  2 -027  1 -007  1 -007  0 -001 12  1 -017  1 -017  0 -002  0 -002

8  1 -017  1 -017  0 -003  0 -003 11  1 -038  0 -005-  0 -005-  0 -005-

7  1 -038  0 -007  0 -007   —— 10  0 -011  0 -011   ——   ——

6  0 -017  0 -017   ——   —— 9  0 -022  0 -022   ——   ——

5  0 -038   ——   ——   —— 8  0 -040   ——   ——   ——

       10 14  6 -020  6 -020  5 -006  4 -002         4 14  2 -039  1 -005-  1 -005-  1 -005-

13  5 -028  4 -009  4 -009  3 -002 13  1 -019  1 -019  0 -002  0 -002

12  4 -028  3 -009  3 -009  2 -002 12  1 -044  0 -005-  0 -005-  0 -005-

11  3 -024  3 -024  2 -007  1 -001 11  0 -011  0 -011   ——   ——

10  2 -018  2 -018  1 -004  1 -004 10  0 -023  0 -023   ——   ——

9  2 -040  1 -011  0 -002  0 -002 9  0 -041   ——   ——   ——

8  1 -024  1 -024  0 -004  0 -004         3 14  1 -022  1 -022  0 -001  0 -001

7  0 -010-  0 -010-  0 -010-   —— 13  0 -006  0 -006  0 -006   ——

6  0 -022  0 -022   ——   —— 12  0 -015-  0 -015-   ——   ——

5  0 -047   ——   ——   —— 11  0 -029   ——   ——   ——

        9 14  6 -047  5 -014  4 -004  4 -004         2 14  0 -008  0 -008  0 -008   ——

13  4 -018  4 -018  3 -005-  3 -005- 13  0 -025  0 -025   ——   ——

12  3 -017  3 -017  2 -004  2 -004 12  0 -050   ——   ——   ——

11  3 -042  2 -012  1 -002  1 -002

10  2 -029  1 -007  1 -007  0 -001

9  1 -017  1 -017  0 -002  0 -002

8  1 -036  0 -006  0 -006   —— A=15 B=15 15  11 -050-  10 -021  9 -008  8 -003

7  0 -014  0 -014   ——   —— 14   9 -040   8 -018  7 -007  6 -003

6  0 -030   ——   ——   —— 13   7 -025+   6 -010+  5 -004  5 -004

        8 14  5 -036  4 -010-  4 -010-  3 -002 12   6 -030   5 -013  4 -005-  4 -005-

13  4 -039  3 -011  2 -002  2 -002 11   5 -033   4 -013  3 -005-  3 -005-

12  3 -032  2 -008  2 -008  1 -001 10   4 -033   3 -013  2 -004  2 -004

11  2 -022  2 -022  1 -005-  1 -005- 9   3 -030   2 -010+  1 -003  1 -003

10  2 -048  1 -012  0 -002  0 -002 8   2 -025+   1 -007  1 -007  0 -001

9  1 -026  0 -004  0 -004  0 -004 7   1 -018   1 -018  0 -003  0 -003

8  0 -009  0 -009  0 -009   —— 6   1 -040   0 -008  0 -008   ——

7  0 -020  0 -020   ——   —— 5   0 -021   0 -012   ——   ——

6  0 -040   ——   ——   —— 4   0 -050-   ——   ——   ——
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       TABLE G.5. SIGNIFICANT LEVELS OF B: VALUES OF B (LARGE TYPE) AND
CORRESPONDING PROBABILITIES (SMALL TYPE)  (CONTINUED) 1

"

Probability
"

Probability

0-05 0-025 0-01 0-005 0-05 0-025 0-01 0-005

A=15 B=14 15 10 -042  9 -017  8 -006  7 -002 A=15 B=9 13  4 -042  3 -013  2 -003  2 -003

14  8 -031  7 -013  6 -005-  6 -005- 12  3 -032  2 -009  2 -009  1 -002

13  7 -041  6 -017  5 -007  4 -002 11  2 -021  2 -021  1 -005-  1 -005-
12  6 -046  5 -020  4 -007  3 -002 10  2 -045-  1 -011  0 -002  0 -002

11  5 -048  4 -020  3 -007  2 -002 9  1 -024  1 -024  0 -004  0 -004

10  4 -046  3 -018  2 -006  1 -001 8  1 -048  0 -009  0 -009   ——
9  3 -041  2 -014  1 -004  1 -004 7  0 -019  0 -019   ——   ——
8  2 -033  1 -009  1 -009  0 -001 6  0 -037   ——   ——   ——
7  1 -022  1 -022  0 -004  0 -004        8 15  5 -032  4 -008  4 -008  3 -002

6  1 -049  0 -011   ——   —— 14  4 -033  3 -009  3 -009  2 -002

5  0 -025+   ——   ——   —— 13  3 -026  2 -006  2 -006  1 -001

       13 15  9 -035-  8 -013  7 -005-  7 -005- 12  2 -017  2 -017  1 -003  1 -003

14  7 -023  7 -023  6 -009  5 -003 11  2 -037  1 -008  1 -008  0 -001

13  6 -029  5 -011  4 -004  4 -004 10  1 -019  1 -019  0 -003  0 -003

12  5 -031  4 -012  3 -004  3 -004 9  1 -038  0 -006  0 -006   ——
11  4 -030  3 -011  2 -003  2 -003 8  0 -013  0 -013   ——   ——
10  3 -026  2 -008  2 -008  1 -002 7  0 -026   ——   ——   ——
9  2 -020  2 -020  1 -005+  0 -001 6  0 -050-   ——   ——   ——
8  2 -043  1 -013  0 -002  0 -002        7 15  4 -023  4 -023  3 -005-  3 -005-
7  1 -029  0 -005+  0 -005+   —— 14  3 -021  3 -021  2 -004  2 -004

6  0 -013  0 -013   ——   —— 13  2 -014  2 -014  1 -002  1 -002

5  0 -031   ——   ——   —— 12  2 -032  1 -007  1 -007  0 -001

       12 15  8 -028  7 -010-  7 -010-  6 -003 11  1 -015+  1 -015+  0 -002  0 -002

14  7 -043  6 -016  5 -006  4 -002 10  1 -032  0 -005-  0 -005-  0 -005-
13  6 -049  5 -019  4 -007  3 -002 9  0 -010+  0 -010+   ——   ——
12  5 -049  4 -019  3 -006  2 -002 8  0 -020  0 -020   ——   ——
11  4 -045+  3 -017  2 -005-  2 -005- 7  0 -038   ——   ——   ——
10  3 -038  2 -012  1 -003  1 -003        6 15  3 -015+  3 -015+  2 -003  2 -003

9  2 -028  1 -007  1 -007  0 -001 14  2 -011  2 -011  1 -002  1 -002

8  1 -018  1 -018  0 -003  0 -003 13  2 -031  1 -006  1 -006  0 -001

7  1 -038  0 -007  0 -007   —— 12  1 -014  1 -014  0 -002  0 -002

6  0 -017  0 -017   ——   —— 11  1 -029  0 -004  0 -004  0 -004

5  0 -037   ——   ——   —— 10  0 -009  0 -009  0 -009   ——
       11 15  7 -022  7 -022  6 -007  5 -002 9  0 -017  0 -017   ——   ——

14  6 -032  5 -011  4 -003  4 -003 8  0 -032   ——   ——   ——
13  5 -034  4 -012  3 -003  3 -003        5 15  2 -009  2 -009  2 -009  1 -001

12  4 -032  3 -010+  2 -003  2 -003 14  2 -032  1 -005-  1 -005-  1 -005-
11  3 -026  2 -008  2 -008  1 002 13  1 -014  1 -014  0 -001  0 -001

10  2 -019  2 -019  1 -004  1 -004 12  1 -031  0 -004  0 -004  0 -004

9  2 -040  1 -011  0 -002  0 -002 11  0 -008  0 -008  0 -008   ——
8  1 -024  1 -024  0 -004  0 -004 10  0 -016  0 -016   ——   ——
7  1 -049  0 -010-  0 -010-   —— 9  0 -030   ——   ——   ——
6  0 -022  0 -022   ——   ——        4 15  2 -035+  1 -004  1 -004  1 -004

5  0 -046   ——   ——   —— 14  1 -016  1 -016  0 -001  0 -001

       10 15  6 -017  6 -017  5 -005-  5 -005- 13  1 -037  0 -004  0 -004  0 -004

14  5 -023  5 -023  4 -007  3 -002 12  0 -009  0 -009  0 -009   ——
13  4 -022  4 -022  3 -007  2 -001 11  0 -018  0 -018   ——   ——
12  3 -018  3 -018  2 -005-  2 -005- 10  0 -033   ——   ——   ——
11  3 -042  2 -013  1 -003  1 -003        3 15  1 -020  1 -020  0 -001  0 -001

10  2 -029  1 -007  1 -007  0 -001 14  0 -005-  0 -005-  0 -005-  0 -005-
9  1 -016  0 -016  0 -002  0 -002 13  0 -012  0 -012   ——   ——
8  1 -034  0 -006  0 -006   —— 12  0 -025-  0 -025-   ——   ——
7  0 -013  1 -013   ——   —— 11  0 -043   ——   ——   ——
6  0 -028   ——   ——   ——        2 15  0 -007  0 -007  0 -007   ——

        9 15  6 -042  5 -012  4 -003  4 -003 14  0 -022  0 -022   ——   ——
14  5 -047  4 -015-  3 -004  3 -004 13  0 -044   ——   ——   ——
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TABLE H.1. CERIODAPHNIA DUBIA REPRODUCTION DATA FROM AN EFFLUENT SCREENING
TEST

Replicate
1 2 3 4 5 6 7 8 9 10 &X S  2

Control 36 38 35 35 28 41 37 33 . . 35.4 14.5
100% Effluent 23 14 21 7 12 17 23 8 18 . 15.9 36.6

  APPENDIX  H

SINGLE CONCENTRATION TOXICITY TEST - COMPARISON OF CONTROL
WITH 100% EFFLUENT OR RECEIVING WATER

1. To statistically compare a control with one concentration, such as 100% effluent or the instream waste
concentration, a t-test is the recommended analysis.  The t-test is based on the assumptions that the observations are
independent and normally distributed and that the variances of the observations are equal between the two groups.

2. Shapiro Wilk's test may be used to test the normality assumption (see Appendix B for details).  If the data do
not meet the normality assumption, the nonparametric test, Wilcoxon's Rank Sum Test, may be used to analyze the
data.  An example of this test is given in Appendix F.  Since a control and one concentration are being compared,
the K = 1 section of Table F.5 contains the needed critical values.

3. The F test for equality of variances is used to test the homogeneity of variance assumption.  When conducting
the F test, the alternative hypothesis of interest is that the variances are not equal.

4. To make the two-tailed F test at the 0.01 level of significance, put the larger of the two variances in the
numerator of  F.

5. Compare F with the 0.005 level of a tabled F value with n  - 1 and n  - 1 degrees of freedom, where n  and1 2 1

n  are the number of replicates for each of the two groups. 2

6. A set of Ceriodaphnia dubia reproduction data from an effluent screening test will be used to illustrate the F
test.  The raw data, mean and variance for the control and 100% effluent are given in Table H.1.

7. Since the variability of the 100% effluent is greater than the variability of the control, S  for the 100% effluent2

concentration is placed in the numerator of the F statistic and S  for the control is placed in the denominator.2

8. There are 9 replicates for the effluent concentration and 8 replicates for the control.  Thus, the numerator degrees
of freedom is 8 and the denominator degrees of freedom is 7.  For a two-tailed test at the 0.01 level of significance,
the critical F value is obtained from a table of the F distribution (Snedecor and Cochran, 1980).  The critical F value
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for this test is 8.68.  Since 2.52 is not greater than 8.68, the conclusion is that the variances of the control and 100%
effluent are homogeneous. 

9. EQUAL VARIANCE T-TEST

9.1 To perform the t-test, calculate the following test statistic: 

   Where:   =  Mean for the control 

  =  Mean for the effluent concentration 

  

S = Estimate of the variance for the control 1
2

S = Estimate of the variance for the effluent concentration2
2

n = Number of replicates for the control 1

n = Number of replicates for the effluent concentration 2

9.2 Since we are usually concerned with a decreased response from the control, such as a decrease in survival or
a decrease in reproduction, a one-tailed test is appropriate.  Thus, compare the calculated t with a critical t, where
the critical t is at the 5% level of significance with n  + n  - 2 degrees of freedom.  If the calculated t exceeds the1 2

critical t, the mean responses are declared different.

9.3 Using the data from Table H.1 to illustrate the t-test, the calculation of t is as follows:

Where: 

9.4 For an 0.05 level of significance test with 15 degrees of freedom the critical t is 1.754 (Note:  Table D.5 for
K = 1 includes the critical t values for comparing two groups).  Since 7.82 is greater than 1.754, the conclusion is
that the reproduction in the 100% effluent concentration is significantly lower than the control reproduction.
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10. UNEQUAL VARIANCE T-TEST 

10.1 If the F test for equality of variance fails, the t-test is still a valid test.  However, the denominator of the
t statistic is adjusted as follows:

   
     Where:  =  Mean for the control 

 =  Mean for the effluent concentration 

S   =  Estimate of the variance for the control  1
2

S   =  Estimate of the variance for the effluent concentration 2
2

n   =  Number of replicates for the control 1

n   =  Number of replicates for the effluent concentration 2

10.2 Additionally, the degrees of freedom for the test are adjusted using the following formula: 

         Where: 

10.3 The modified degrees of freedom is usually not an integer.  Common practice is to round down to the
nearest integer.

10.4 The t-test is then conducted as the equal variance t-test.  The calculated t is compared to the critical t at the
0.05 significance level with the modified degrees of freedom.  If the calculated t exceeds the critical t, the mean
responses are found to be statistically different.
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APPENDIX  I

PROBIT ANALYSIS

1. This program calculates the EC1 and EC50 (or LC1 and LC50), and the associated 95% confidence intervals.

2. The program is written in IBM PC Basic for the IBM compatible PC by Computer Sciences Corporation, 26
W. Martin Luther King Drive, Cincinnati, OH 45268.  A compiled, executable version of the program can be
obtained from EMSL-Cincinnati by sending a written request to EMSL at 3411 Church Street, Cincinnati, OH
45244.

2.1 Data input is illustrated by a set of total mortality data (Figure I.1) from a fathead minnow embryo-larval
survival and teratogenicity test.  The program requests the following input:

1. Desired output of abbreviated (A) or full (F) output?  (Note: only abbreviated output is shown below.)
2. Output designation (P = printer, D = disk file). 
3. Title for the output.
4. The number of exposure concentrations.
5. Toxicant concentration data.

 
2.2 The program output for the abbreviated output includes the following: 
 

1. A table of the observed proportion responding and the proportion responding adjusted for the controls (see
Figure I.2).

2. The calculated chi-square statistic for heterogeneity and the tabular value.  This test is one indicator of how
well the data fit the model.  The program will issue a warning when the test indicates that the data do not
fit the model.

3. Estimated LC1 and LC50 values and associated 95% confidence intervals (see Figure I.2).
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USEPA PROBIT ANALYSIS PROGRAM
USED FOR CALCULATING LC/EC VALUES

Version 1.5

Do you wish abbreviated (A) or full (F) input/output? A
Output to printer (P) or disk file (D)? P
Title ? Example of Probit Analysis

Number responding in the control group = ? 2
Number of animals exposed in the concurrent control group = ? 20
Number of exposure concentrations, exclusive of controls ? 5

Input data starting with the lowest exposure concentration

Concentration = ? 0.5
Number responding = ? 2
Number exposed = ? 20

Concentration = ? 1.0
Number responding = ? 1
Number exposed = ? 20

Concentration = ? 2.0
Number responding = ? 4
Number exposed = ? 20

Concentration = ? 4.0
Number responding = ? 16
Number exposed = ? 20

Concentration = ? 8.0
Number responding = ? 20
Number exposed = ? 20

Number     Number
    Number Conc. Resp. Exposed

1 0.5000 2 20  
2 1.0000 1 20
3 2.0000 4 20
4 4.0000 16 20
5 8.0000 20 20

Do you wish to modify your data ? N

The number of control animals which responded =  2
The number of control animals exposed  =  20
Do you wish to modify these values ? N
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Example of Probit Analysis
 

Proportion 
Observed Responding

Number Number Proportion Adjusted for
Conc. Exposed Resp. Responding Controls  

 
Control 20 2 0.1000 0.0000
0.5000 20 2 0.1000 0.0174
1.0000 20 1 0.0500 -.0372
2.0000 20 4 0.2000 0.1265
4.0000 20 16 0.8000 0.7816
8.0000 20 20 1.0000 1.0000

 
 
Chi - Square for Heterogeneity (calculated)    =    0.441
Chi - Square for Heterogeneity 
        (tabular value at 0.05 level)          =    7.815
 

 
Example of Probit Analysis
 
      Estimated LC/EC Values and Confidence Limits
 

Exposure Lower Upper
Point Conc. 95% Confidence Limits
 
LC/EC  1.00 1.346 0.453 1.922
LC/EC 50.00 3.018 2.268 3.672

Figure  I.2. USEPA Probit Analysis Program Used for Calculating LC/EC Values, Version 1.5.



292

APPENDIX  J

SPEARMAN-KARBER METHOD

1. The Spearman-Karber Method is a nonparametric statistical procedure for estimating the LC50 and the
associated 95% confidence interval (Finney, 1978).  The Spearman-Karber Method estimates the mean of the
distribution of the log  of the tolerance.  If the log tolerance distribution is symmetric, this estimate of the mean10

is equivalent to an estimate of the median of the log tolerance distribution.

2. If the response proportions are not monotonically non-decreasing with increasing concentration (constant or
steadily increasing with concentration), the data must be smoothed.  Abbott's procedure is used to "adjust" the
concentration response proportions for mortality occurring in the control replicates.

3. Use of the Spearman-Karber Method is recommended when partial mortalities occur in the test solutions, but
the data do not fit the Probit model.

4. To calculate the LC50 using the Spearman-Karber Method, the following must be true:  1) the smoothed
adjusted proportion mortality for the lowest effluent concentration (not including the control) must be zero, and
2) the smoothed adjusted proportion mortality for the highest effluent concentration must be one.

5. To calculate the 95% confidence interval for the LC50 estimate, one or more of the smoothed adjusted
proportion mortalities must be between zero and one.

6. The Spearman-Karber Method is illustrated below using a set of mortality data from a Fathead Minnow
Larval Survival and Growth test.  These data are listed in Table J.1.

       TABLE J.1. EXAMPLE OF SPEARMAN-KARBER METHOD:  MORTALITY DATA FROM A
FATHEAD MINNOW LARVAL SURVIVAL AND GROWTH TEST
(40 ORGANISMS PER CONCENTRATION)

    
Effluent Number of Mortality

Concentration Mortalities Proportion
    

Control 2 0.05
6.25% 2 0.05 

12.5% 0 0.00 
25.0% 0 0.00
50.0% 26 0.65

100.0% 40 1.00 
    

7. Let p , p , ..., p  denote the observed response proportion mortalities for the control and k effluent0 1 k

concentrations.  The first step is to smooth the p  if they do not satisfy p  ≤ p  ≤ ... ≤ p .  The smoothing processi 0 1 k

replaces any adjacent p 's that do not conform to p  ≤ p  ≤ ... ≤ p  with their average.  For example, if p  is lessi 0 1 k i

than p  then:i-1
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Where:  p    = the smoothed observed proportion mortality for effluent concentration i.i
s

7.1 For the data in this example, because the observed mortality proportions for the control and the 6.25%
effluent concentration are greater than the observed response proportions for the 12.5% and 25.0% effluent
concentrations, the responses for these four groups must be averaged:

7.2 Since p  = 0.65 is larger than p , set p  = 0.65.  Similarly, p  = 1.00 is larger than p , so set p  = 1.00. 4 3 4 5 4 5
s s s s

Additional smoothing is not necessary.  The smoothed observed proportion mortalities are shown in Table J.2.

8. Adjust the smoothed observed proportion mortality in each effluent concentration for mortality in the control
group using Abbott's formula (Finney, 1971).  The adjustment takes the form:
 
Where: p  = (p  - p ) / (1 - p )i i 0 0

a s s s

p  = the smoothed observed proportion mortality for the control0
s

p  = the smoothed observed proportion mortality for effluent concentration i.i
s

8.1 For the data in this example, the data for each effluent concentration must be adjusted for control mortality
using Abbott's formula, as follows:

The smoothed, adjusted response proportions for the effluent concentrations are shown in Table J.2.  A plot of
the smoothed, adjusted data is shown in Figure J.1.

9. Calculate the log  of the estimated LC50, m, as follows:10

Where: p  = the smoothed adjusted proportion mortality at concentration ii
a

X  = the log  of concentration ii 10

k =  the number of effluent concentrations tested, not including the control.
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9.1 For this example, the log  of the estimated LC50, m, is calculated as follows:10

      m = [(0.000 - 0.000) (0.7959 + 1.0969)]/2 +
[(0.000 - 0.000) (1.0969 + 1.3979)]/2 +
[(0.641 - 0.000) (1.3979 + 1.6990)]/2 +
[(1.000 - 0.641) (1.6990 + 2.0000)]/2

= 1.656527 

    TABLE J.2. EXAMPLE OF SPEARMAN-KARBER METHOD:  SMOOTHED, ADJUSTED
MORTALITY DATA FROM A FATHEAD MINNOW LARVAL SURVIVAL AND
GROWTH TEST

   
Smoothed,

Smoothed Adjusted
Effluent Mortality Mortality Mortality

Concentration Proportion Proportion Proportion
   

Control 0.05 0.025 0.000
6.25% 0.05 0.025 0.000

12.5% 0.00 0.025 0.000
25.0% 0.00 0.025 0.000
50.0% 0.65 0.650 0.641

100.0% 1.00 1.000 1.000
   

10. Calculate the estimated variance of m as follows:

Where: X = the log  of concentration ii 10

n = the number of organisms tested at effluent concentration i         i

p = the smoothed adjusted observed proportion mortality at effluent i
a

concentration i
k  = the number of effluent concentrations tested, not including the control.

10.1 For this example, the estimated variance of m, V(m), is calculated as follows:

      V(m) = (0.000)(1.000)(1.3979 - 0.7959) /4(39) +2

(0.000)(1.000)(1.6990 - 1.0969) /4(39) +2

(0.641)(0.359)(2.0000 - 1.3979) /4(39)2

= 0.00053477
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Figure J.1.  Plot of the smoothed, adjusted data for the fathead minnow larval survival and growth test.
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11.  Calculate the 95% confidence interval for m:  

11.1 For this example, the 95% confidence interval for m is calculated as follows:

12. The estimated LC50 and a 95% confidence interval for the estimated LC50 can be found by taking base10

antilogs of the above values.

12.1 For this example, the estimated LC50 is calculated as follows:

LC50 = antilog(m) = antilog(1.656527) = 45.3%.

12.2 The limits of the 95% confidence interval for the estimated LC50 are calculated by taking the antilogs of
the upper and lower limits of the 95% confidence interval for m as follows:

lower limit:   antilog(1.610277) = 40.8%

upper limit:   antilog(1.702777) = 50.4%
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APPENDIX  K

TRIMMED SPEARMAN-KARBER METHOD

1. The Trimmed Spearman-Karber Method is a modification of the Spearman-Karber Method, a nonparametric
statistical procedure for estimating the LC50 and the associated 95% confidence interval (Hamilton et al; 1977). 
Appendix  The Trimmed Spearman-Karber Method estimates the trimmed mean of the distribution of the log  of10

the tolerance.  If the log tolerance distribution is symmetric, this estimate of the trimmed mean is equivalent to
an estimate of the median of the log tolerance distribution.

2. If the response proportions are not monotonically non-decreasing with increasing concentration (constant or
steadily increasing with concentration), the data must be smoothed.  Abbott's procedure is used to "adjust" the
concentration response proportions for mortality occurring in the control replicates.

3. Use of the Trimmed Spearman-Karber Analysis is recommended only when the requirements for the Probit
Method and the Spearman-Karber Method are not met.

4. To calculate the LC50 using the Trimmed Spearman-Karber Method, the smoothed, adjusted, observed
proportion mortalities must bracket 0.5.

5. To calculate the 95% confidence interval for the LC50 estimate, one or more of the smoothed, adjusted,
observed proportion mortalities must be between zero and one.

6. Let p , p , ..., p  denote the observed proportion mortalities for the control and the k effluent 0  1  k

concentrations.  The first step is to smooth the p  if they do not satisfy p  ≤ p  ≤ ... ≤ p .  The smoothingi  0  1  k

process replaces any adjacent p 's that do not conform to p  ≤ p  ≤ ... ≤ p , with their average.  For example, ifi  0  1  k

p  is less than p  then:i i-1

Where: p = p  = (p  + p )/2i -1 i i i-1
s s

p  = the smoothed observed proportion mortality for effluent concentration i.i
s

7. Adjust the smoothed observed proportion mortality in each effluent concentration for mortality in the control
group using Abbott's formula (Finney, 1971).  The adjustment takes the form:

Where: p = (p  - p ) / (1 - p )i i 0 0
a s s s

p = the smoothed observed proportion mortality for the control0
s

p = the smoothed observed proportion mortality for effluent concentration i.i
s

8. Calculate the amount of trim to use in the estimation of the LC50 as follows:

Where: Trim = max(p , 1-p )1 k
a a

p = the smoothed, adjusted proportion mortality for the lowest effluent concentration, exclusive1
a

of the control

p  = the smoothed, adjusted proportion mortality for the highest effluent concentrationk
a

k = the number of effluent concentrations, exclusive of the control.
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The minimum trim should be calculated for each data set rather than using a fixed amount of trim for each data
set.

9. Due to the intensive nature of the calculation for the estimated LC50 and the calculation of the associated
95% confidence interval using the Trimmed Spearman-Karber Method, it is recommended that the data be
analyzed by computer.

10. A computer program which estimates the LC50 and associated 95% confidence interval using the Trimmed
Spearman-Karber Method, can be obtained from EMSL-Cincinnati by sending a written request to EMSL, 3411
Church Street, Cincinnati, OH  45244.

11. The Trimmed Spearman-Karber program automatically performs the following functions:

a. Smoothing.
b. Adjustment for mortality in the control.
c. Calculation of the necessary trim.
d. Calculation of the LC50.
e. Calculation of the associated 95% confidence interval.

12. To illustrate the Trimmed Spearman-Karber method using the Trimmed Spearman-Karber computer program,
a set of data from a Fathead Minnow Larval Survival and Growth test will be used.  The data are listed in
Table K.1.

    TABLE K.1. EXAMPLE OF TRIMMED SPEARMAN-KARBER METHOD:  MORTALITY DATA
FROM A FATHEAD MINNOW LARVAL SURVIVAL AND GROWTH TEST 
(40 ORGANISMS PER CONCENTRATION)

   
Effluent Number of Mortality

Concentration Mortalities Proportion
%

   
Control 2 0.05

6.25 0 0.00 
12.5 2 0.05 
25.0 0 0.00
50.0 0 0.00

100.0 32 0.80 
   

12.1 The program requests the following input (Figure K.1):
a.  Output destination (D = disk file, P = printer).

 b.  Control data.
c.  Data for each toxicant concentration.

12.2 The program output includes the following (Figure K.2):
a.  A table of the concentrations tested, number of organisms exposed, and mortalities.
b.  The amount of trim used in the calculation.
c.  The estimated LC50 and the associated 95% confidence interval.
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A:>spearman                                                              

 TRIMMED SPEARMAN-KARBER METHOD.  VERSION 1.5 
                                  
ENTER DATE OF TEST:                                                            
1
ENTER TEST NUMBER:                                                            
2
WHAT IS TO BE ESTIMATED?
(ENTER "L" FOR LC50 AND "E" FOR EC50)                         
 L                                                 
ENTER TEST SPECIES NAME:  
Fathead minnow
ENTER TOXICANT  NAME:                                          
Effluent                                                          
ENTER UNITS FOR EXPOSURE CONCENTRATION OF TOXICANT:
%
ENTER THE NUMBER OF INDIVIDUALS IN THE CONTROL:                               
 40                                                     
ENTER THE NUMBER OF MORTALITIES IN THE CONTROL:                                
2                                                      
ENTER THE NUMBER OF CONCENTRATIONS                                 
(NOT INCLUDING THE CONTROL;  MAX = 10):                                        
5                                                      
ENTER THE  5 EXPOSURE CONCENTRATIONS (IN INCREASING ORDER):                    
6.25  12.5  25  50  100
ARE THE NUMBER OF INDIVIDUALS AT EACH EXPOSURE CONCENTRATION EQUAL(Y/N)?
y                                                
ENTER THE NUMBER OF INDIVIDUALS AT EACH EXPOSURE CONCENTRATION: 40                   
                                 
ENTER UNITS FOR DURATION OF EXPERIMENT                             
(ENTER "H" FOR HOURS, "D" FOR DAYS, ETC.):                                     
Days                                           
ENTER DURATION OF TEST:                                                        
7                                                     
ENTER THE NUMBER OF MORTALITIES AT EACH EXPOSURE CONCENTRATION:  0 2 0 0 32        
                                   
WOULD YOU LIKE THE AUTOMATIC TRIM CALCULATION(Y/N)?                           
 y                                                                              

Figure K.1.  Example input for Trimmed Spearman-Karber Method.
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TRIMMED SPEARMAN-KARBER METHOD.  VERSION 1.5       
 
 
 
 

DATE:   1 TEST NUMBER: 2 DURATION:    7 Days     
TOXICANT:  effluent                                       
SPECIES:   fathead minnow

 
RAW DATA:  Concentration Number Mortalities 
 --- ----   (%) Exposed 

.00 40 2 
6.25 40 0

12.50 40 2
25.00 40 0
50.00 40 0

100.00 40 32

SPEARMAN-KARBER TRIM: 20.41% 
 

SPEARMAN-KARBER ESTIMATES: LC50: 77.28 
95% CONFIDENCE LIMITS  
ARE NOT RELIABLE. 

 
NOTE:  MORTALITY PROPORTIONS WERE NOT MONOTONICALLY INCREASING. 
ADJUSTMENTS WERE MADE PRIOR TO SPEARMAN-KARBER ESTIMATION. 

Figure K.2.  Example output for Trimmed Spearman-Karber Method.
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APPENDIX  L

GRAPHICAL METHOD

1. The Graphical Method is used to calculate the LC50.  It is a mathematical procedure which estimates the
LC50 by linearly interpolating between points of a plot of observed percent mortality versus the base 10
logarithm (log ) of percent effluent concentration.  This method does not provide a confidence interval for the10

LC50 estimate and its use is only recommended when there are no partial mortalities.  The only requirement for
the Graphical Method is that the observed percent mortalities bracket 50%.

2. For an analysis using the Graphical Method the data must first be smoothed and adjusted for mortality in the
control replicates.  The procedure for smoothing and adjusting the data is detailed in the following steps.

3. The Graphical Method is illustrated below using a set of mortality data from an Fathead Minnow Larval
Survival and Growth test.  These data are listed in Table L.1.

       TABLE L.1. EXAMPLE OF GRAPHICAL METHOD:  MORTALITY DATA FROM
A FATHEAD MINNOW LARVAL SURVIVAL AND GROWTH TEST
(40 ORGANISMS PER CONCENTRATION)

      
Effluent Number of Mortality

Concentration Mortalities Proportion
%

      
Control 2 0.05

6.25 0 0.00 
12.5 0 0.00 
25.0 0 0.00
50.0 40 1.00

100.0 40 1.00 
      

4. Let p , p , ..., p  denote the observed proportion mortalities for the control and the k effluent 0  1  k

concentrations.  The first step is to smooth the p  if they do not satisfy p  ≤ p  ≤ ... ≤ p .  The smoothing i  0  1 k

process replaces any adjacent p 's that do not conform to p  ≤ p  ≤ ... ≤ p  with their average.  For example, ifi  0  1  k

p  is less than p  then:i i-1

Where:  p    = the smoothed observed proportion mortality for effluent concentration i.i
s

4.1 For the data in this example, because the observed mortality proportions for the 6.25%, 12.5%, and 25.0%
effluent concentrations are less than the observed response proportion for the control, the values for these four
groups must be averaged:

4.2 Since p  = p  = 1.00 are larger then 0.0125, set p  = p  = 1.00.  Additional smoothing is not necessary.  The4 5 4 5
s s

smoothed observed proportion mortalities are shown in Table L.2.
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       TABLE L.2. EXAMPLE OF GRAPHICAL METHOD:  SMOOTHED, ADJUSTED MORTALITY
DATA FROM A FATHEAD MINNOW LARVAL SURVIVAL AND GROWTH
TEST

      
Smoothed,

Smoothed Adjusted
Effluent Mortality Mortality Mortality

Concentration Proportion Proportion Proportion
%

      
Control 0.05 0.0125 0.00

6.25 0.00 0.0125 0.00
12.5 0.00 0.0125 0.00
25.0 0.00 0.0125 0.00
50.0 1.00 1.0000 1.00

100.0 1.00 1.0000 1.00
      

5. Adjust the smoothed observed proportion mortality in each effluent concentration for mortality in the control
group using Abbott's formula (Finney, 1971).  The adjustment takes the form:

   Where: p = the smoothed observed proportion mortality for the control0
s

    p = the smoothed observed proportion mortality for effluent concentration i.i
s

5.1 Because the smoothed observed proportion mortality for the control group is greater than zero, the responses
must be adjusted using Abbott's formula, as follows:

A table of the smoothed, adjusted response proportions for the effluent concentrations are shown in Table L.2.

5.2 Plot the smoothed, adjusted data on 2-cycle semi-log graph paper with the logarithmic axis (the y axis) used
for percent effluent concentration and the linear axis (the x axis) used for observed percent mortality.  A plot of
the smoothed, adjusted data is shown in Figure L.1.

6. Locate the two points on the graph which bracket 50% mortality and connect them with a straight line.

7. On the scale for percent effluent concentration, read the value for the point where the plotted line and the
50% mortality line intersect.  This value is the estimated LC50 expressed as a percent effluent concentration.

7.1 For this example, the two points on the graph which bracket the 50% mortality line (0% mortality at 25%
effluent, and 100% mortality at 50% effluent) are connected with a straight line.  The point at which the plotted
line intersects the 50% mortality line is the estimated LC50.  The estimated LC50 = 35% effluent.
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Figure L.1 Plot of the smoothed adjusted response proportions for fathead minnow, Pimephales promelas, survival
data.
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APPENDIX  M

LINEAR INTERPOLATION METHOD

1. GENERAL PROCEDURE

1.1 The Linear Interpolation Method is used to calculate a point estimate of the effluent or other toxicant
concentration that causes a given percent reduction (e.g., 25%, 50%, etc.) in the reproduction or growth of the
test organisms (Inhibition Concentration, or IC).  The procedure was designed for general applicability in the
analysis of data from short-term chronic toxicity tests, and the generation of an endpoint from a continuous
model that allows a traditional quantitative assessment of the precision of the endpoint, such as confidence limits
for the endpoint of a single test, and a mean and coefficient of variation for the endpoints of multiple tests.

1.2 The Linear Interpolation Method assumes that the responses (1) are monotonically non-increasing, where the
mean response for each higher concentration is less than or equal to the mean response for the previous
concentration, (2) follow a piecewise linear response function, and (3) are from a random, independent, and
representative sample of test data.  If the data are not monotonically nonincreasing, they are adjusted by
smoothing (averaging).  In cases where the responses at the low toxicant concentrations are much higher than in
the controls, the smoothing process may result in a large upward adjustment in the control mean.  Also, no
assumption is made about the distribution of the data except that the data within a group being resampled are
independent and identically distributed.

2. DATA SUMMARY AND PLOTS

2.1 Calculate the mean responses for the control and each toxicant concentration, construct a summary table, and
plot the data.

3. MONOTONICITY

3.1 If the assumption of monotonicity of test results is met, the observed response means ( ) should stay the
same or decrease as the toxicant concentration increases.  If the means do not decrease monotonically, the
responses are "smoothed" by averaging (pooling) adjacent means.

3.2 Observed means at each concentration are considered in order of increasing concentration, starting with the
control mean ( ).  If the mean observed response at the lowest toxicant concentration ( ) is equal to or smaller
than the control mean ( ), it is used as the response.  If it is larger than the control mean, it is averaged with
the control, and this average is used for both the control response (M ) and the lowest toxicant concentration1

response (M ).  This mean is then compared to the mean observed response for the next higher toxicant2

concentration ( ).  Again, if the mean observed response for the next higher toxicant concentration is smaller
than the mean of the control and the lowest toxicant concentration, it is used as the response.  If it is higher than
the mean of the first two, it is averaged with the first two, and the mean is used as the response for the control
and two lowest concentrations of toxicant.  This process is continued for data from the remaining toxicant
concentrations.  A numerical example of smoothing the data is provided below.  (Note:  Unusual patterns in the
deviations from monotonicity may require an additional step of smoothing).  Where  decrease monotonically,
the  become M  without smoothing.i

4. LINEAR INTERPOLATION METHOD

4.1 The method assumes a linear response from one concentration to the next.  Thus, the ICp is estimated by
linear interpolation between two concentrations whose responses bracket the response of interest, the (p) percent
reduction from the control.

4.2 To obtain the estimate, determine the concentrations C  and C  which bracket the response M  (1 - p/100),J J+1 1

where M  is the smoothed control mean response and p is the percent reduction in response relative to the1
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control response.  These calculations can easily be done by hand or with a computer program as described
below.   The linear interpolation estimate is calculated as follows:

Where: C = tested concentration whose observed mean response is greater than M (1 - p/100).J 1

C = tested concentration whose observed mean response is less than M (1 - p/100).J + 1 1

M = smoothed mean response for the control.1

M = smoothed mean response for concentration J.J

M = smoothed mean response for concentration J + 1.J + 1

p = percent reduction in response relative to the control response.

ICp = estimated concentration at which there is a percent reduction from the smoothed mean
control response.  The ICp is reported for the test, together with the 95% confidence
interval calculated by the ICPIN.EXE program described below.

4.3 If the C  is the highest concentration tested, the ICp would be specified as greater than C.  If the responseJ J

at the lowest concentration tested is used to extrapolate the ICp value, the ICp should be expressed as a less than
the lowest test concentration.

5. CONFIDENCE INTERVALS

5.1 Due to the use of a linear interpolation technique to calculate an estimate of the ICp, standard statistical
methods for calculating confidence intervals are not applicable for the ICp.  This limitation is avoided by use a
technique known as the bootstrap method as proposed by Efron (1982) for deriving point estimates and
confidence intervals.

5.2 In the Linear Interpolation Method, the smoothed response means are used to obtain the ICp estimate
reported for the test.  The bootstrap method is used to obtain the 95% confidence interval for the true mean.  In
the bootstrap method, the test data Y  is randomly resampled with replacement to produce a new set of data Y *,ji ji

that is statistically equivalent to the original data, but a new and slightly different estimate of the ICp (ICp*) is
obtained.  This process is repeated at least 80 times (Marcus and Holtzman, 1988) resulting in multiple "data"
sets, each with an associate ICp* estimate.  The distribution of the ICp* estimates derived from the sets of
resampled data approximates the sampling distribution of the ICp estimate.  The standard error of the ICp is
estimated by the standard deviation of the individual ICp* estimates.  Empirical confidence intervals are derived
from the quantiles of the ICp* empirical distribution.  For example, if the test data are resampled a minimum of
80 time, the empirical 2.5% and the 97.5% confidence limits are approximately the second smallest and second
largest ICp* estimates (Marcus and Holtzman, 1988).  

5.3 The width of the confidence intervals calculated by the bootstrap method is related to the variability of the
data.  When confidence intervals are wide, the reliability of the IC estimate is in question.  However, narrow
intervals do not necessarily indicate that the estimate is highly reliable, because of undetected violations of
assumptions and the fact that the confidence limits based on the empirical quantiles of a bootstrap distribution of
80 samples may be unstable.
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5.4 The bootstrapping method of calculating confidence intervals is computationally intensive.  For this reason,
all of the calculations associated with determining the confidence intervals for the ICp estimate have been
incorporated into a computer program.  Computations are most easily done with a computer program such as the
revision of the BOOTSTRP program (USEPA, 1988; USEPA, 1989) which is now called "ICPIN" which is
described below in subsection 7.

6. MANUAL CALCULATIONS

6.1 DATA SUMMARY AND PLOTS

6.1.1 The data used in this example are the Ceriodaphnia dubia reproduction data used in the example in
Section 13.  Table M.1 includes the raw data and the mean reproduction for each concentration.  Data are
included for all animals tested regardless of death of the organism.  If an animal died during the test without
producing young, a zero is entered.  If death occurred after producing young, the number of young produced
prior to death is entered.  A plot of the data is provided in Figure M.1.

TABLE M.1.  CERIODAPHNIA DUBIA REPRODUCTION DATA   

Effluent Concentration (%)
Replicate Control 1.56 3.12 6.25 12.5 25.0

1 27 32 39 27 10 0
2 30 35 30 34 13 0
3 29 32 33 36 7 0
4 31 26 33 34 7 0
5 16 18 36 31 7 0
6 15 29 33 27 10 0
7 18 27 33 33 10 0
8 17 16 27 31 16 0
9 14 35 38 33 12 0

10 27 13 44 31 2 0

Mean ( ) 22.4 26.3 34.6 31.7 9.4 0
i 1 2 3 4 5 6

6.2 MONOTONICITY

6.2.1 As can be seen from the plot in Figure M.1, the observed means are not monotonically non-increasing
with respect to concentration.  Therefore, the means must be smoothed prior to calculating the IC.

6.2.2 Starting with the control mean Y'  = 22.4 and Y'  = 26.3, we see that Y'  < Y'  .  Calculate the smoothed1 2 1 2

means:

6.2.3 Since Y'  = 34.6 is larger than M , average Y'  with the previous concentrations:3 2 3

6.2.4 Additionally, Y'  = 31.7 is larger than M , and is pooled with the first three means.  Thus, 4 3
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Figure M.1. Plot of raw data, observed means, and smoothed means for the daphnid, Ceriodaphnia dubia,
reproductive data.
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               TABLE M.2. CERIODAPHNIA DUBIA REPRODUCTION MEAN
RESPONSE AFTER SMOOTHING

Effluent i Response Smoothed 
Concentration Mean (Y ) Mean (M )i i

% (Young/female) (Young/female)

Control 1 22.4 28.75
1.56 2 26.3 28.75
3.12 3 34.6 28.75
6.25 4 31.7 28.75

12.5 5 9.4 9.40
25.0 6 0.0 0.00

6.2.5 Since M  > Y'  = 9.4, set M  = 9.4.  Likewise, M  > Y'  = 0 and M  becomes 0.  Table M.2 contains the 4 5 5 5 6 6

smoothed means and Figure M.1 gives a plot of the smoothed response curve.

6.3 LINEAR INTERPOLATION

6.3.1 Estimates of the IC25 and IC50 are calculated using the Linear Interpolation Method.  A 25% reduction
in reproduction, compared to the controls, would result in a mean reproduction of 21.56 young per adult, where
M (1-p/100) = 28.75(1-25/100).  A 50% reduction in reproduction, compared to the controls, would result in a1

mean reproduction of 14.38 young per adult, where M (1-p/100) = 28.75(1-50/100).  Examining the smoothed1

means and their associated concentrations (Table M.2), the two effluent concentrations bracketing the
reproduction of 21.56 young per adult are C  = 6.25% effluent and C  = 12.5% effluent.  The two effluent4 5

concentrations bracketing a response of 14.38 young per adult are also C  = 6.25% effluent and C  = 12.5%4 5

effluent.  

6.3.2 Using Equation 1 from 4.2, the estimate of the IC25 is calculated as follows:

 

             
= 8.57% effluent

6.3.3 Using the equation from section 4.2, the estimate of the IC50 is calculated as follows:

 

                

= 10.89% effluent
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6.4 CONFIDENCE INTERVALS

6.4.1 Confidence intervals for the ICp are derived using the bootstrap method.  As described above, this
method involves randomly resampling the individual observations and recalculating the ICp at least 80 times, and
determining the mean ICp, standard deviation, and empirical 95% confidence intervals.  For this reason, the
confidence intervals are calculated using a computer program called ICPIN.  This program is described below
and is available to carry out all the calculations of both the interpolation estimate (ICp) and the confidence
intervals.

7. COMPUTER CALCULATIONS

7.1 The computer program, ICPIN, prepared for the Linear Interpolation Method was written in TURBO
PASCAL for IBM compatible PCs.  The program (version 2.0) has been modified by Computer Science
Corporation, Duluth, MN with funding provided by the Environmental Research Laboratory, Duluth, MN
(Norberg-King, 1993).  The program was originally developed by Battelle Laboratories, Columbus, OH through a
government contract supported by the Environmental Research Laboratory, Duluth, MN (USEPA, 1988).  To
obtain the program and supporting documentation, send a written request to EMSL-Cincinnati at 3411 Church
Street, Cincinnati, OH  45244.

7.2 The ICPIN.EXE program performs the following functions:  1) it calculates the observed response means
(Y ) (response means);  2) it calculates the standard deviations;  3) checks the responses for monotonicity; 4)i

calculates smoothed means (M ) (pooled response means) if necessary; 5) uses the means, M , to calculate thei i

initial ICp of choice by linear interpolation; 6) performs a user-specified number of bootstrap resamples between
80 and 1000 (as multiples of 40); 7) calculates the mean and standard deviation of the bootstrapped ICp
estimates; and 8) provides an original 95% confidence intervals to be used with the initial ICp when the number
of replicates per concentration is over six and provides both original and expanded confidence intervals when the
number of replicates per concentration are less than seven (Norberg-King, 1993).

7.3 For the ICp calculation, up to twelve treatments can be used (which includes the control).  There can be up
to 40 replicates per concentration, and the program does not require an equal number of replicates per
concentration.  The value of p can range from 1% to 99%.

7.4 DATA INPUT.

7.4.1 Data is entered directly into the program onscreen.  A sample data entry screen in shown in Figure M.2. 
The program documentation provides guidance on the entering and analysis of data for the Linear Interpolation
Method (Norberg-King, 1993).

7.4.2 The user selects the ICp estimate desired (e.g., IC25 or IC50) and the number of resamples to be taken
for the bootstrap method of calculating the confidence intervals.  The program has the capability of performing
any number of resamples from 80 to 1000 as multiples of 40.  However, Marcus and Holtzman (1988)
recommend a minimum of 80 resamples for the bootstrap method be used and at least 250 resamples are better
(Norberg-King, 1993).

7.5 DATA OUTPUT.

7.5.1 The program output includes the following (Figures M.3 and M.4):

1. A table of the concentration identification, the concentration tested and raw data response for each
replicate and concentration.

2. A table of test concentrations, number of replicates, concentration (units), response means (Ȳ ), standardi

deviations for each response mean, and the pooled response means (smoothed means; M ).i

3. The linear interpolation estimate of the ICp using the means (M ).  Use this value for the ICp estimate.i

4. The mean ICp and standard deviation from the bootstrap resampling.
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5. The confidence intervals calculated by the bootstrap method for the ICp.  Provides an original 95%
confidence intervals to be used with the initial ICp when the number of replicates per concentration is
over six and provides both original and expanded confidence intervals when the number of replicates per
concentration are less than seven.

7.6 ICPIN program output for the analysis of the Ceriodaphnia dubia reproduction data in Table M.1 is
provided in Figures M.3 and M.4.

7.6.1 When the ICPIN program was used to analyze this set of data, requesting 80 resamples, the estimate of
the IC25 was 8.57% effluent.  The empirical 95% confidence intervals for the true mean were 8.30% to 8.85%
effluent.

7.6.2 When the ICPIN program was used to analyze this set of data, requesting 80 resamples, the estimate of
the IC50 was 10.89% effluent.  The empirical 95% confidence intervals for the true mean were 10.36% to
11.62% effluent.
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ICp Data Entry/Edit Screen Current File:

Conc. ID 1 2 3 4 5 6

Conc. Tested

Conc. Tested

Response 1

Response 2

Response 3

Response 4

Response 5

Response 6

Response 7

Response 8

Response 9

Response 10

Response 11

Response 12

Response 13

Response 14

Response 15

Response 16

Response 17

Response 18

Response 19

Response 20

F10 for Command Menu Use arrow Keys to Switch Fields

Figure M.2. ICp data entry/edit screen.  Twelve concentrating identifications can be used.  Data for
concentrations are entered in columns 1 through 6.  For concentrations 7 through 12 and responses
21-40 the data is entered in additional fields of the same screen.
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Conc. ID             1         2         3         4         5         6

Conc. Tested         0      1.56      3.12      6.25      12.5      25.0

Response  1         27        32        39        27        10         0
Response  2         30        35        30        34        13         0
Response  3         29        32        33        36         7         0
Response  4         31        26        33        34         7         0
Response  5         16        18        36        31         7         0
Response  6         15        29        33        27        10         0
Response  7         18        27        33        33        10         0
Response  8         17        16        27        31        16         0
Response  9         14        35        38        33        12         0
Response 10         27        13        44        31         2         0

*** Inhibition Concentration Percentage Estimate ***
Toxicant/Effluent: 
Test Start Date: app M   Test Ending Date: 
Test Species: Ceriodaphnia dubia
Test Duration:             7-d
DATA FILE: cerioman.icp
OUTPUT FILE: cerioman.i25

Conc.     Number     Concentration     Response      Std.       Pooled
 ID     Replicates               %       Means       Dev.   Response Means

  1         10             0.000         22.400      6.931     28.750
  2         10             1.560         26.300      8.001     28.750
  3         10             3.120         34.600      4.835     28.750
  4         10             6.250         31.700      2.946     28.750
  5         10            12.500          9.400      3.893      9.400
  6         10            25.000          0.000      0.000      0.000

The Linear Interpolation Estimate:     8.5715   Entered P Value: 25

Number of Resamplings:   80
The Bootstrap Estimates Mean:   8.6014 Standard Deviation:     0.1467
Original Confidence Limits:   Lower:     8.3040 Upper:     8.8496
Resampling time in Seconds:     2.53  Random Seed: -1652543090

Figure M.3.  Example of ICPIN program output for the IC25.
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Conc. ID             1         2         3         4         5         6

Conc. Tested         0      1.56      3.12      6.25      12.5      25.0

Response  1         27        32        39        27        10         0
Response  2         30        35        30        34        13         0
Response  3         29        32        33        36         7         0
Response  4         31        26        33        34         7         0
Response  5         16        18        36        31         7         0
Response  6         15        29        33        27        10         0
Response  7         18        27        33        33        10         0
Response  8         17        16        27        31        16         0
Response  9         14        35        38        33        12         0
Response 10         27        13        44        31         2         0

*** Inhibition Concentration Percentage Estimate ***
Toxicant/Effluent: 
Test Start Date: app M   Test Ending Date: 
Test Species: Ceriodaphnia dubia
Test Duration:             7-d
DATA FILE: cerioman.icp
OUTPUT FILE: cerioman.i50

Conc.     Number     Concentration     Response      Std.       Pooled
 ID     Replicates               %       Means       Dev.   Response Means

  1         10             0.000         22.400      6.931     28.750
  2         10             1.560         26.300      8.001     28.750
  3         10             3.120         34.600      4.835     28.750
  4         10             6.250         31.700      2.946     28.750
  5         10            12.500          9.400      3.893      9.400
  6         10            25.000          0.000      0.000      0.000

The Linear Interpolation Estimate:    10.8931   Entered P Value: 50

Number of Resamplings:   80
The Bootstrap Estimates Mean:  10.9108 Standard Deviation:     0.3267
Original Confidence Limits:   Lower:    10.3618 Upper:    11.6201
Resampling time in Seconds:     2.58  Random Seed: 340510286

Figure M.4.  Example of ICPIN program output for the IC50.
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	I. Facility information
	II. Findings
	The Discharger submitted a Report of Waste Discharge (ROWD) dated May 31, 2007, and an updated ROWD dated  May 17, 2012, in application for the reissuance of  an NPDES permit to discharge topside chlorinator units wastewater, pier washing wastewater, ...
	Table 4. Industrial Process Wastewater Discharge Types

	THEREFORE, IT IS HEREBY ORDERED that this Order supersedes Order No. R9-2002-0002 except for enforcement purposes, and, in order to meet the provisions contained in division 7 of the CWC (commencing with section 13000) and regulations adopted thereund...

	III. Discharge Prohibitions
	IV. Effluent Limitations and Discharge Specifications
	A. Effluent Limitations for Industrial Process Wastewater
	Table 5. Industrial Process Wastewaters Regulated with BMPs
	Table 6. Effluent Limitations for Topside Chlorinator/Dechlorinator Units

	B. Storm Water Risk Level Designations
	a. Small Municipal Separate Storm Sewer System (Small MS4) Areas.  Areas where no industrial activities occur.  Areas designated as “Small MS4 Areas” are subject to the technology-based standard of maximum extent practicable (MEP) and Storm Water Mana...
	b. Industrial No Exposure Areas. Areas where all industrial materials and activities are protected by a storm resistant shelter0F  to prevent exposure to rain, snow, snowmelt, and/or runoff. “Industrial materials and activities” include, but are not l...
	c. Industrial Low Risk Areas. All areas where wastes or pollutants from industrial activities are subject to precipitation, run-on, and/or runoff and which are not classified as Industrial No Exposure Areas or Industrial High Risk Areas.
	a. Master List. An updated list of all facility discharge locations containing discharge point identification numbers, summary activity descriptions of the drainage area(s)  tributary to each discharge point,  the storm water risk level designation,  ...

	C. Effluent Limitations for Discharges from Industrial High Risk Areas
	D. Small MS4 Discharge Specifications
	E. Industrial Storm Water Discharge Specifications – No Exposure Areas, Industrial Low Risk Areas, and Industrial High Risk Areas
	FWAC = ,,𝑛=1-𝑛=5-,𝑄-𝑛.,𝐶-𝑛..-,𝑛=1-𝑛=5-,𝑄-𝑛...  Where:  FWAC = Flow weighted average concentration Qn = Flow rate of discharge at time of sample collection Cn = Concentration of chemical in the collected sample n = Number of dis...
	For calculating the average, all effluent sampling analytical results that are reported by the laboratory as “non-detect" or less than the Method Detection Limit (MDL), a value of zero shall be used.  Any results reported by the laboratory as “Detecte...

	F. Non-Storm Water Discharge Specifications
	G. USS ARCO Floating Dry Dock Operation Discharge Specifications

	V. Receiving Water Limitations
	A. The receiving water limitations set forth in section V.B. and V.C. of this Order for Pacific Ocean and San Diego Bay waters are based on applicable water quality standards contained in water quality control plans and policies and federal regulation...
	B. Discharges from the Facility to San Diego Bay shall not by itself or jointly with any other discharge(s) cause or contribute to violations of the following receiving water limitations:
	C. Discharges from the Facility to the Pacific Ocean shall not by itself or jointly with any other discharge(s) cause or contribute to violations of the following receiving water limitations:

	VI. Provisions
	VII. Compliance Determination
	D. Average Monthly Effluent Limitation (AMEL)
	1. The MDEL for chronic toxicity is exceeded and a violation will be flagged when a toxicity test results in a “fail” in accordance with the TST approach and the percent effect is greater than or equal to 0.50.
	2. The MMEL for chronic toxicity is exceeded and a violation will be flagged when the median results of three independent toxicity tests, conducted within the same calendar month, and analyzed using the TST, (i.e. 2 out of 3) is a “fail.”
	3. For this discharge, the determination of “Pass” or “Fail” from a single-effluent concentration chronic toxicity test at the IWC of 100 percent effluent is determined using the TST approach described in National Pollutant Discharge Elimination Syste...
	4. The Discharger shall report the results of RPA, species sensitivity screenings, and routine toxicity tests to the San Diego Water Board as either a “pass” or a “fail” at the IWC, in accordance with the TST approach and provide the calculated percen...
	5. The presence or absence of chronic toxicity shall be determined as specified in section V of the MRP.
	A.



	Attachment A – ABREVIATIONS AND GLOSSARY
	Part 1 – Abbreviations
	Part 2 – Glossary of Common Terms
	Acute Toxicity Tests
	A measurement of the adverse effect (usually mortality) of a waste discharge or ambient water sample on a group of test organisms during a short-term exposure.
	Arithmetic Mean (()
	Average Monthly Effluent Limitation (AMEL)
	Average Weekly Effluent Limitation (AWEL)
	Bioaccumulative Pollutants
	Best Management Practices (BMPs)
	Carcinogenic
	Clean Water Act (CWA)
	Coefficient of Variation (CV)
	Daily Discharge
	Detected, but Not Quantified (DNQ)
	Dilution Credit
	Discharge incidental to the normal operation of a vessel  A discharge, including, but not limited to: graywater, bilgewater, cooling water, weather deck runoff, ballast water, oil water separator effluent, and any other pollutant discharge from the op...
	Effluent Concentration Allowance (ECA)
	Enclosed Bays
	Estimated Chemical Concentration
	Estuaries
	Facility
	Instantaneous Maximum Effluent Limitation
	Instantaneous Minimum Effluent Limitation
	Maximum Daily Effluent Limitation (MDEL)
	Maximum Extent Practicable (MEP)
	MEP is the technology-based standard established by Congress in CWA section 402(p)(3)(B)(iii) that municipal dischargers of storm water must meet.  MEP is the result of emphasizing pollution prevention and source control BMPs as the first lines of def...
	Median Monthly Effluent Limitation (MMEL)
	An effluent limit based on the median results of three independent toxicity tests, conducted within the same calendar month, and analyzed using the TST. The MMEL is exceeded when the median result (i.e. two out of three) is a “fail.”
	Median
	Method Detection Limit (MDL)
	Minimum Level (ML)
	Mixing Zone
	Non-Storm Water Discharge
	Not Detected (ND)
	Ocean Waters
	Persistent Pollutants
	Pollution Prevention
	Qualifying Storm Event
	A Qualifying Storm Event (QSE) is a precipitation event that produces a discharge for at least one drainage area; and is preceded by 48 hours with no discharge from any drainage area.

	Reporting Level (RL)
	Significant Quantities
	Volumes, concentrations, or masses of pollutants that can cause or threaten to cause pollution, contamination, or nuisance; adversely impact human health or the environment; and/or cause or contribute to a violation of any applicable water quality sta...
	Significant Spills
	Areas where no industrial activities occur.  Areas designated as “Small MS4 Areas” shall be applicable to the Storm Water Management Program (SWMP) requirements contained within section IV.D.2 of this Order.
	Standard Deviation (()
	Storm Water
	The Storm Water Management Plan (SWMP) is a written plan to reduce the discharge of pollutants from “Small Municipal (Military Base) MS4 Areas” to the technology–based standard of MEP to protect receiving water quality.
	Storm Water Pollution Prevention Plan (SWPPP)
	A SWPPP is a written document that identifies the industrial activities conducted at the site, including any structural control practices, which the industrial facility operator will implement to prevent pollutants from making their way into storm w...
	Test of Significant Toxicity (TST)
	A statistical approach used to analyze toxicity test data. The TST incorporates a restated null
	hypothesis, Welch’s t-test, and biological effect thresholds for chronic and acute toxicity.
	Toxicity Reduction Evaluation (TRE)
	B.


	Attachment B – Maps
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	Attachment C – Flow Schematic
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	Attachment D – Standard Provisions
	I. Standard Provisions – Permit Compliance
	A. Duty to Comply
	B. Need to Halt or Reduce Activity Not a Defense
	C. Duty to Mitigate
	D. Proper Operation and Maintenance
	E. Property Rights
	F. Inspection and Entry
	G. Bypass
	H. Upset

	II. Standard Provisions – Permit Action
	A. General
	B. Duty to Reapply
	C. Transfers

	III. Standard Provisions – Monitoring
	A. Samples and measurements taken for the purpose of monitoring shall be representative of the monitored activity.  (40 CFR § 122.41(j)(1).)
	B. Monitoring results must be conducted according to test procedures under Part 136 or, in the case of sludge use or disposal, approved under Part 136 unless otherwise specified in Part 503 unless other test procedures have been specified in this Orde...

	IV. Standard Provisions – Records
	A. Except for records of monitoring information required by this Order related to the Discharger’ s sewage sludge use and disposal activities, which shall be retained for a period of at least five years (or longer as required by Part 503), the Dischar...
	B. Records of monitoring information shall include:
	C. Claims of confidentiality for the following information will be denied (40 CFR § 122.7(b)):

	V. Standard Provisions – Reporting
	A. Duty to Provide Information
	B. Signatory and Certification Requirements
	C. Monitoring Reports
	D. Compliance Schedules
	E. Twenty-Four Hour Reporting
	F. Planned Changes
	G. Anticipated Noncompliance
	H. Other Noncompliance
	I. Other Information

	VI. Standard Provisions – Enforcement
	A. The San Diego Water Board is authorized to enforce the terms of this permit under several provisions of the CWC, including, but not limited to, sections 13385, 13386, and 13387.

	VII. Additional Provisions – Notification Levels
	A. Non-Municipal Facilities

	Attachment E – Monitoring and Reporting Program
	Contents
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	E.

	Attachment E – Monitoring and Reporting Program (MRP)
	I. General Monitoring Provisions
	A. Samples and measurements taken as required herein shall be representative of the volume and nature of the monitored discharge.  All samples shall be taken at the monitoring locations specified below and, unless otherwise specified, before the monit...
	B. Monitoring must be conducted according to United States Environmental Protection Agency (USEPA) test procedures approved at 40 CFR part 136, Guidelines Establishing Test Procedures for the Analysis of Pollutants under the Clean Water Act as amended...
	C. A copy of the monitoring and reports signed, and certified as required by Attachment D, Standard Provisions V.B, of this Order, shall be submitted to the San Diego Water Board at the address listed in section VIII.C.5.c this MRP.
	D. The Discharger shall retain records of all monitoring information, including all calibration and maintenance records and all original strip chart recordings for continuous monitoring, instrumentation, copies of all reports required by this Order an...
	E. All analyses shall be performed in a laboratory certified to perform such analyses by the California Department of Public Health (CDPH) or by a laboratory approved by the San Diego Water Board or USEPA. The laboratory must be accredited under the C...
	F. The Discharger shall report in its cover letter all instances of noncompliance not reported under Attachment D, section V.H of this Order at the time monitoring reports are submitted.  The reports shall contain the information listed in Attachment ...
	G. All monitoring instruments and devices used by the Discharger to fulfill the prescribed monitoring program shall be properly maintained and calibrated as necessary to ensure their continued accuracy.  All flow measurement devices shall be calibrate...
	H. The Discharger shall have, and implement, an acceptable written quality assurance (QA) plan for laboratory analyses.  When requested by USEPA or the San Diego Water Board, the Discharger will participate in the NPDES discharge monitoring report QA ...
	I. Monitoring results shall be reported at intervals and in a manner specified in this Order or in this MRP.
	J. This MRP may be modified by the San Diego Water Board as appropriate.
	K. This Order may be modified by the San Diego Water Board and the USEPA to enable the Discharger to participate in comprehensive regional monitoring activities conducted in the Regional Harbor Monitoring Program. Minor changes may be made without fur...

	II. Monitoring Locations
	A. Monitoring Station Locations
	The Discharger shall establish the following monitoring locations to demonstrate compliance with the effluent limitations, discharge specifications, and other requirements in this Order.  Samples required by this Order shall be collected at a point or...
	B. Industrial Storm Water Monitoring Location Report

	III. Influent Monitoring Requirements – Not applicable
	IV. Industrial process wastewater and Effluent Monitoring Requirements
	A. Topside Chlorinator Monitoring Location CS-001 through CS-003
	B. Pier Washing Monitoring Location PW-001 and PW-002
	C. Marine Mammal Pool Monitoring Locations MP-001, MP-002, and MP-003
	D. Returned Unused Bay Water Discharge Monitoring Location UBW-001
	E. Abalone Tank Monitoring Location ABL-001
	F. Pier Boom Monitoring Location BW-001
	G. Marine Mammal Enclosure Monitoring Locations ME-001 through ME-003
	H. Small Boat Rinsing Monitoring Locations BR-001 and BR-002
	I. Utility Vault and Manhole Monitoring Locations UV-001 through UV-018

	V. Whole Effluent Toxicity (WET) Testing Requirements
	A. The WET testing is designed to address the following primary questions:
	B. Acute Toxicity
	C. Chronic Toxicity
	D. Quality Assurance
	E. Accelerated Chronic Toxicity Testing Monitoring Schedule
	The Discharger shall implement an accelerated chronic toxicity monitoring schedule, as required by section V.C.5 of this MRP for industrial process wastewater discharges, consisting of four, five-concentration chronic toxicity tests, conducted at appr...

	F. Toxicity Reduction Evaluation (TRE)
	1. TRE Work Plan Submittal.  The Discharger shall prepare and submit a TRE Work Plan to the San Diego Water Board no later than 30 days from the time the Discharger becomes aware of the following:
	2. TRE Work Plan. The TRE Work Plan shall be in conformance with the USEPA manual “Generalized Methodology for Conducting Industrial Toxicity Reduction Evaluations (EPA/600/2-88/070, 1989).”   The TRE Work Plan shall also include the following informa...
	3. TRE Work Plan Implementation. The Discharger shall implement the TRE Work Plan unless otherwise directed in writing by the San Diego Water Board. The Discharger shall comply with any additional conditions set by the San Diego Water Board.
	4. TRE Progress Reports.   The Discharger shall prepare and provide written semiannual progress reports which: (1) describe the actions that have been taken toward achieving compliance with the acute or chronic toxicity MDEL for the previous six month...
	5. Toxicity Identification Evaluation (TIE).  Based upon the magnitude and persistence of the acute and chronic toxicity, the Discharger may initiate a TIE as part of a TRE to identify the causes of toxicity using the same species and test method and,...

	G. Violations
	H. Reporting of Toxicity Monitoring Results
	1. The Discharger shall submit a full laboratory report for all toxicity testing as an attachment to the monitoring report.  The laboratory report shall contain the toxicity test results; the dates of sample collection and initiation of each toxicity ...
	2. The Discharger shall provide the actual test endpoint responses for the control (i.e., the control mean) and the IWC (i.e., the IWC mean) for each toxicity test to facilitate the review of test results and determination of reasonable potential for ...
	3. The Discharger shall notify the San Diego Water Board in writing within 14 days of receipt of any test result with an exceedance of the toxicity limit.  This notification shall describe actions the Discharger has taken or will take to investigate, ...


	VI. Receiving Water And sediment Monitoring Requirements
	A. Monitoring Questions:  The receiving water and sediment monitoring shall be designed and conducted to address the following primary questions :
	B. Monitoring Responsibility.  Receiving water and sediment monitoring shall be performed individually by the Discharger to assess compliance with receiving water limits or through the Discharger’s participation in a regional or water body monitoring ...
	C. Monitoring Coalition Reopener. To achieve maximum efficiency and economy of resources, the Discharger may establish or join a San Diego Bay water body monitoring coalition.  If a San Diego Bay monitoring coalition is formed, revised monitoring requ...
	D. Water and Sediment Monitoring Plan. The Discharger shall prepare and submit a Water and Sediment Monitoring Plan to assess compliance with Receiving Water Limitations of this Order.  The Water and Sediment Monitoring Plan shall be designed to answe...
	E. Water and Sediment Monitoring Plan Implementation. The Discharger shall implement the Water and Sediment Monitoring Plan in accordance with the schedule contained in the Water and Sediment Monitoring Plan unless otherwise directed in writing by the...
	F. Water and Sediment Monitoring Report.  The Discharger or water body monitoring coalition shall submit a Water and Sediment Monitoring Report twice during the term of the permit after each sediment sampling occurrence.  The Water and Sediment Monito...

	VII. Other Monitoring Requirements
	A. Storm Water Discharges from Industrial High Risk Areas, Industrial Low Risk Areas, and Industrial No Exposure Areas
	B. Non-Industrial Storm Water Monitoring for Small Municipal (Military Base) Separate Storm Sewer System (MS4) Areas
	C. Storm Water Annual Report for Industrial High Risk Areas, Industrial Low Risk Areas, and Small MS4 Areas
	D. Spill and Illicit Discharge Log (within all industrial storm water risk areas)
	E. Floating Dry Dock Submergence

	VIII. Reporting Requirements
	A. General Monitoring and Reporting Requirements
	B. Self-Monitoring Reports (SMRs)
	C. Reporting Protocols
	D. Discharge Monitoring Reports (DMRs)
	E. Other Reports
	F.


	Attachment F – Fact Sheet
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	Attachment F – Fact Sheet
	I. Permit Information
	A. The following table summarizes administrative information related to the facility.
	Table F-

	B. The United States (U.S.) Department of the Navy (Navy or Discharger) is the owner and operator of Naval Base Point Loma Complex (NBPL or Facility), a U.S. Naval Base. The NBPL is comprised of nine installations which are described in Section II and...
	C. The Discharger was previously regulated by Order No. R9-2002-0002, National Pollutant Discharge Elimination System (NPDES) Permit No. CA0109363, for wastewater discharges from multiple discharge points within the Facility to San Diego Bay, a water ...
	 Industrial storm water,
	 Utility vault and manhole dewatering,
	 Steam condensate,
	 Diesel engine cooling water,
	 USS ARCO dry dock ballast water,
	 Magnetic Silencing Facility (MSF) pier washing,
	 Marine mammal pools,
	 Returned unused San Diego Bay water,
	 Abalone tank discharges,
	 Pier boom cleaning,
	 Small boat rinsing, and
	 Miscellaneous facility discharges (e.g. landscape watering runoff, potable water & fire system maintenance).
	Order No. R9-2002-0002 was adopted on September 11, 2002, and expired on September 11, 2007.  The terms and conditions of the 2002 Order were automatically continued and remained in effect until a new Waste Discharge Requirements (WDRs) and NPDES perm...
	D. The Discharger filed a report of waste discharge (ROWD) dated May 31, 2007 and an updated ROWD dated May 17, 2012 in application for reissuance of its WDRs and NPDES permit for the Facility.  The application was deemed complete on February 10, 2014...

	II. Facility Description
	A. Installations.
	Table F-

	1 Various locations as discussed in section II.B.1 of this Fact Sheet.
	2 USS ARCO Flood Water is not discharged from one point, but is listed here because it represents a potential for pollutant discharge.
	Table F-
	Table F-
	Table F-
	Table F-
	Table F-
	Table F-
	Table F-
	Table F-

	B. Description of Wastewater Discharges
	1. Storm Water Discharges
	2. Non-Storm Water Small MS4 Discharges
	3. Utility Vault and Manhole Dewatering
	4. Industrial Process Wastewater

	C.  Discharge Points and Receiving Waters
	Table F-

	D. Summary of Previous Requirements and Self-Monitoring Report (SMR) Data
	Table F-

	E. Compliance Summary
	F. Planned Changes

	III. Applicable Plans, Policies, and Regulations
	A. Legal Authorities
	B. California Environmental Quality Act (CEQA)
	C. State and Federal Regulations, Policies, and Plans
	Table F-
	Table F-

	D. Impaired Water Bodies on CWA 303(d) List
	Table F-

	E. Other Plans, Polices and Regulations

	IV. Rationale For Effluent Limitations and Discharge Specifications
	A. Discharge Prohibitions
	B. Technology-Based Effluent Limitations (TBELs)
	1. Scope and Authority
	2. Applicable TBELs

	C. Water Quality-Based Effluent Limitations (WQBELs)
	1. Scope and Authority
	2. Applicable Beneficial Uses and Water Quality Criteria and Objectives
	Table F-

	3. Determining the Need for WQBELs
	Table F-

	4. WQBEL Calculations
	Table F-

	5. Whole Effluent Toxicity (WET)

	D. Final Effluent Limitations
	Table F-

	E. Storm Water Risk Level Designations
	F. Small (Military Base) MS4 Discharge Specification
	G. Industrial Storm Water Discharge Specifications
	H. Non-Storm Water Discharge Specifications

	V. Rationale for Receiving Water Limitations
	A. Surface Water

	VI. Rationale for Monitoring and Reporting Requirements
	A. Industrial Storm Water Monitoring Location Study and Annual Report
	B. Influent Monitoring – Not Applicable
	C. Effluent Monitoring
	D. Whole Effluent Toxicity (WET) Testing Requirements
	E. Receiving Water Monitoring
	F. Other Monitoring Requirements

	VII. Rationale for Provisions
	A. Standard Provisions
	B. Monitoring and Reporting Program (MRP) Requirements
	C. Special Provisions

	VIII. Public Participation
	A. Notification of Interested Parties
	B. Written Comments
	C. Public Hearing
	D. Reconsideration of Waste Discharge Requirements
	E. Information and Copying
	F. Register of Interested Persons
	G. Additional Information
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	ATTACHMENT G – STORM WATER POLLUTION PREVENTION PLAN (SWPPP) REQUIREMENTS FOR INDUSTRIAL AREAS
	I. Implementation Schedule
	II. SWPPP Objectives
	III. Planning and Organization
	A. SWPPP Checklist
	B. Pollution Prevention Team
	C. Review Other Requirements and Existing Facility Plans

	IV. Site Map
	V. List of Significant Materials
	VI. Description of Potential Pollutant Sources
	VII. Assessment of Potential Pollutant Sources
	1. The quantity, physical characteristics (liquid, powder, solid, etc.), and locations of each significant material handled, produced, stored, recycled, or disposed.
	2. The degree pollutants associated with those materials are exposed to and mobilized by contact with storm water.
	3. The direct and indirect pathways that pollutants may be exposed to storm water or authorized non-storm water discharges. This shall include an assessment of past spills or leaks, non-storm water discharges, and discharges from adjoining areas.
	4. Sampling, visual monitoring, and inspection records.
	5. Effectiveness of existing BMPs to reduce or prevent pollutants in storm water discharges and authorized non-storm water discharges.

	VIII. Storm Water Best Management Practices
	IX. Annual Comprehensive Site Compliance Evaluation
	X. Numeric Action Levels (NALs) and Numeric Effluent Limitations (NELs)
	A. Numeric Action Levels (NALs) for all storm water discharges are appropriate numeric thresholds that allow a discharger to take corrective action when the Instantaneous Maximum or Annual Average NAL are exceeded.  Exceedances of NAL values are not a...
	B. On January 1 of the reporting year following the submittal of the Level 2 ERA Action Plan, a Discharger with Level 2 status shall certify and submit a Level 2 ERA Technical Report that includes one or more of the following demonstrations:
	1. Industrial Activity BMPs Demonstration.  This shall include the following requirements as applicable:
	a. A description of the industrial pollutant sources and corresponding industrial pollutants that are or may be related to the NAL exceedance(s);
	b. An evaluation of all pollutant source(s) associated with industrial activity that are or may be related to the NAL exceedance(s);
	c. Where all of the Discharger’s implemented BMPs, including additional BMPs identified in the Level 2 ERA Action Plan, achieve compliance with the effluent limitations of this Order and are expected to eliminate future NAL exceedance(s), the Discharg...
	d. In cases where all of the Discharger’s implemented BMPs, including additional BMPs identified in the Level 2 ERA Action Plan, achieve compliance with the effluent limitations of this Order but are not expected to eliminate future NAL exceedance(s),...
	i. An evaluation of any additional BMPs that would reduce or prevent NAL exceedances;
	ii. An estimated costs of the additional BMPs evaluated; and,
	iii. An analysis describing the basis for the selection of BMPs implemented in lieu of the additional BMPs evaluated but not implemented.

	e. The description and analysis of BMPs required in section d.iii above shall specifically address the drainage areas where the NAL exceedance(s) responsible for the Discharger’s Level 2 status occurred, although any additional Level 2 ERA Action Plan...
	f. If an alternative design storm standard for treatment control BMPs in lieu of the design storm standard for treatment control BMPs in section IV.E.4 of the Order will achieve compliance with the effluent limitations of the Order, the Discharger sha...

	2. Non-Industrial Pollutant Source Demonstration. This shall include:
	a. A statement that the Discharger has determined that the exceedance of the NAL is attributable solely to the presence of non-industrial pollutant sources. (The pollutant may also be present due to industrial activities, in which case the Discharger ...
	b. A statement that the Discharger has identified and evaluated all potential pollutant sources that may have commingled with storm water associated with the Discharger’s industrial activity and may be contributing to the NAL exceedance; and,
	c. A description of any on-site industrial pollutant sources and corresponding industrial pollutants that are contributing to the NAL exceedance that are or may be discharged;
	d. An assessment of the relative contributions of the pollutant from (1) storm water run-on to the facility from adjacent properties or non-industrial portions of the Discharger’s property or from aerial deposition and (2) the storm water associated w...
	e. A summary of all existing BMPs for that parameter; and,
	f. An evaluation of all on-site/off-site analytical monitoring data demonstrating that the NAL exceedances are caused by pollutants in storm water run-on to the facility from adjacent properties or non-industrial portions of the Discharger’s property ...

	3. Natural Background Pollutant Source Demonstration.  The Natural Background Pollutant Source Demonstration Technical Report shall at a minimum, include the following:
	a. A statement that the Discharger has determined that the NAL exceedance of the NAL is attributable solely to the presence of the pollutant in the natural background that has not been disturbed by industrial activities. (The pollutant may also be pre...
	b. A summary of all data previously collected by the Discharger, or other identified data collectors, that describes the levels of natural background pollutants in the storm water discharge;
	c. A summary of any research and published literature that relates the pollutants evaluated at the facility as part of the Natural Background Demonstration;
	d. A map showing the reference site location in relation to facility along with available land cover information;
	e. Reference site and test site elevation;
	f. Available geology and soil information for reference and test sites;
	g. Photographs showing site vegetation;
	h. Site reconnaissance survey data regarding presence of roads, outfalls, or other human-made structures; and
	i. Records from relevant state or federal agencies indicating no known mining, forestry, or other human activities upstream of the proposed reference site.


	D. The Discharger shall revise the SWPPP and implement the appropriate BMPs in a timely manner and in no case more than 90 days after a Discharger determines that the SWPPP is in violation of any Order requirement.
	E. When any part of the SWPPP is infeasible to implement by the deadlines specified above due to proposed significant structural changes, the Discharger shall:
	F. The SWPPP shall be provided, upon request, to the San Diego Water Board, USEPA, local agency, or Compliance Inspection Designees.  The San Diego Water Board under section 308(b) of the Clean Water Act considers the SWPPP a report that shall be avai...
	A. The SWPPP shall address authorized non-storm water discharges and incorporate the requirements of section IV.F of this Order.
	ATTACHMENT H – BEST MANAGEMENT PRACTICES AND POLLUTION PREVENTION PLAN FOR UTILITY VAULT AND MANHOLE DEWATERING DISCHARGES (UTILITY VAULT PLAN)

	I. Implementation
	The Discharger shall develop and implement a Best Management Practices and Pollution Prevention Plan for Utility Vault and Manhole Dewatering Discharges (Utility Vault Plan) which achieves the objectives and the specific requirements listed below.  Th...

	II. OBJECTIVE
	III. The Utility Vault Plan shall include, to the extent possible, at least the following items:
	ATTACHMENT I – BEST MANAGEMENT PRACTICES PLAN FOR PIER BOOM CLEANING, PIER WASHING, UNUSED SAN DIEGO BAY WATER FROM BUILDING 111, ABALONE TANK DISCHARGES, SMALL BOAT RINSING, MARINE MAMMAL ENCLOSURE CLEANING, MARINE MAMMAL POOL DISCHARGES, AND DRY DOC...
	The Discharger shall develop and implement a Best Management Practices (BMP) Plan which achieves the objectives and the specific requirements listed below for the activities of pier boom cleaning, pier washing, unused San Diego Bay water from building...
	C. The BMP Plan shall be organized and written with the following elements:
	1. Purpose and objectives of the BMP Plan
	2. Name and location of the activity with specific BMPs.
	3. Specific management practices and standard operating procedures to achieve the above objectives, including, but not limited to, the following:
	a. Modification of equipment, facilities, technology, processes, and procedures,
	b. Reformulation or redesign of products,
	c. Substitution of materials,
	d. Improvement in management, inventory control, materials handling or general operational phases of the facility, and
	e. Materials compatibility.

	4. Good housekeeping.
	5. Preventative maintenance.
	6. Risk identification and assessment.
	7. Reporting of BMP incidents and spills.
	8. Inspections and records.
	9. Employee training.

	D. The BMP Plan shall establish specific BMPs to meet the objectives identified in section III of this Attachment, addressing each component or system capable of generating or causing a release of significant amounts of pollutants, and identifying spe...
	E. The BMP Plan shall establish specific BMPs or other measures which ensure that the following specific requirements are met:
	F. The BMP Plan shall include a statement this BMP Plan fulfills the requirements of this Order and shall be signed and certified in accordance with the signatory requirements of Standard Provision V.B. of Attachment D.
	ATTACHMENT J – DISCHARGE PROHIBITIONS CONTAINED IN THE BASIN PLAN
	A. The discharge of waste to waters of the State in a manner causing, or threatening to cause a condition of pollution, contamination or nuisance as defined in Water Code section 13050, is prohibited.
	B. The discharge of waste to land, except as authorized by WDRs of the terms described in Water Code section 13264 is prohibited.
	C. The discharge of pollutants or dredged or fill material to waters of the United States except as authorized by an NPDES permit or a dredged or fill material permit (subject to the exemption described in Water Code section 13376) is prohibited.
	D. Discharges of recycled water to lakes or reservoirs used for municipal water supply or to inland surface water tributaries thereto are prohibited, unless this San Diego Water Board issues an NPDES permit authorizing such a discharge; the proposed d...
	E. The discharge of waste to inland surface waters, except in cases where the quality of the discharge complies with applicable receiving water quality objectives, is prohibited.  Allowances for dilution may be made at the discretion of the San Diego ...
	F. The discharge of waste in a manner causing flow, ponding, or surfacing on lands not owned or under the control of the discharger is prohibited, unless the discharge is authorized by the San Diego Water Board.
	G. The dumping, deposition, or discharge of waste directly into waters of the State, or adjacent to such waters in any manner which may permit it being transported into the waters, is prohibited unless authorized by the San Diego Water Board.
	H. Any discharge to a storm water conveyance system that is not composed entirely of storm water is prohibited unless authorized by the San Diego Water Board.  [The federal regulations, 40 CFR 122.26(b)(13), define storm water as storm water runoff, s...
	I. The unauthorized discharge of treated or untreated sewage to waters of the State or to a storm water conveyance system is prohibited.
	J. The discharge of industrial wastes to conventional septic tank/subsurface disposal systems, except as authorized by the terms described in Water Code section 13264, is prohibited.
	K. The discharge of radioactive wastes amenable to alternative methods of disposal into the waters of the State is prohibited.
	L. The discharge of any radiological, chemical, or biological warfare agent into waters of the State is prohibited.
	M. The discharge of waste into a natural or excavated site below historic water levels is prohibited unless the discharge is authorized by the San Diego Water Board.
	N. The discharge of sand, silt, clay, or other earthen materials from any activity, including land grading and construction, in quantities which cause deleterious bottom deposits, turbidity or discoloration in waters of the State or which unreasonably...
	O. The discharge of treated or untreated sewage from vessels to Mission Bay, Oceanside Harbor, Dana Point Harbor, or other small boat harbors is prohibited.
	P. The discharge of untreated sewage from vessels to San Diego Bay is prohibited.
	Q. The discharge of treated sewage from vessels to portions of San Diego Bay that are less than 30 feet deep at MLLW is prohibited.
	R. The discharge of treated sewage from vessels, which do not have a properly functioning USCG certified Type 1 or Type II marine sanitation device, to portions of San Diego Bay that are greater than 30 feet deep at MLLW is prohibited.
	ATTACHMENT K – SEDIMENT MONITORING AND ANALYSIS

	I. Sediment Monitoring Detailed Requirements
	A. Field Procedures
	1. All samples shall be collected using a grab sampler.
	2. Benthic samples shall be screened through a 1.0 mm-mesh screen.
	3. Surface sediment from within the upper 5 cm shall be collected for chemistry and toxicity analyses.
	4. The entire contents of the grab sample, with a minimum penetration depth of 5 cm, shall be collected for benthic community analysis.
	5. Bulk sediment chemical analysis will include at a minimum the pollutants identified in Table K-1.

	B. Laboratory Testing
	C. Sediment Toxicity
	D. Sediment Chemistry
	E. Benthic Community Condition
	A. Public Education and Outreach on Storm Water Impacts.  The SWMP shall contain a written plan to distribute educational materials to the target audiences identified below, or conduct equivalent outreach activities about the effects of storm water di...
	B. Public Involvement/Participation Program.  The SWMP shall contain a written Public Involvement/Participation Program to:
	1. Regularly encourage public participation in the development and implementation of the SWMP;
	2. Establish a platform for the public and target audiences to provide input into the development and implementation of the SWMP;
	3. Solicit public reporting of suspected illicit discharges via telephone and writing; and
	4. Implement procedures for the receipt and consideration of verbal or written public inquires, concerns, and information submitted by the public.

	C. Illicit Discharge Detection and Elimination.  The SWMP shall contain a written Illicit Discharge Detection and Elimination Program containing the following elements:
	1. A written program to detect and eliminate illicit discharges (as defined at 40 CFR §122.26(b)(2)) into the storm water drainage systems;
	2. A storm sewer system map, showing the location of all storm water drainage systems, outfalls and the names and locations of all waters of the U.S. that receive discharges from those outfalls;
	3. A prohibition against non-storm water discharges into the storm water drainage system except as allowed under Non-Storm Water Specifications IV.F of this Order;
	4. A plan to detect and address non-storm water discharges, including illegal dumping, to the MS4 system that are not authorized by a separate NPDES permit;
	5. A plan to inform the target audiences of the hazards that are generally associated with illegal discharges and improper disposal of waste; and
	6. A plan to address the categories of non-storm water discharges or flows as specified in Non-Storm Water Specification IV.F of this Order (i.e., authorized non-storm water discharges) only where they are identified as significant contributors of pol...

	D. Construction Site Storm Water Runoff Control.  The SWMP shall contain a written Construction Site Storm Water Runoff Control program to reduce pollutants in any storm water runoff to the MS4 from construction activities that result in a land distur...
	1. Mechanisms to require erosion and sediment controls, as well as enforcement mechanisms, to ensure compliance;
	2. Requirements for construction site operators to implement appropriate erosion and sediment control BMPs;
	3. Requirements for construction site operators to control waste such as discarded building materials, concrete truck washout, chemicals, litter, and sanitary waste at the construction site that may cause adverse impacts to water quality;
	4. Procedures for site plan review which incorporate consideration of potential water quality impacts;
	5. Procedures for receipt and consideration of information submitted by the public.  The Discharger shall demonstrate acknowledgement and consideration of the information submitted, whether submitted verbally or in writing; and
	6. Procedures for site inspection and enforcement of control measures.
	7. Procedures for verifying that the site has existing coverage under California’s statewide General NPDES Permit for Storm Water Discharges Associated with Construction Activities (hereinafter General Construction Permit).

	E. Post-Construction Storm Water Management in New Development and Redevelopment.   The SWMP shall contain a written Post-Construction Storm Water Management Program to:
	1. Address storm water runoff from new development and redevelopment projects that disturb greater than or equal to one acre, including projects less than one acre that are part of a larger common plan of development, that discharge into the storm wat...
	2. Develop and implement water quality strategies, which include a combination of structural and/or non-structural BMPs appropriate for the Facility;
	3. Develop or use a mechanism to address post-construction runoff from new development and redevelopment projects.
	4. Ensure adequate long-term operation and maintenance of water quality BMPs.
	5. Maintain and regularly update an inventory of BMPs installed pursuant to the SWMP.  The inventory shall include, at a minimum:
	a. Exact location of BMP(s);
	b. Contact information for the individual or entity responsible for long term BMP operation and maintenance;
	c. A description of the BMP and the year it was installed;
	d. Maintenance required;
	e. Actual inspection/maintenance activities that occurred during the reporting year; and
	f. An assessment by the Discharger if proper operation and maintenance occurred during the year, and if not, what actions the Discharger has taken, or will take, to address the deficiencies.


	F. Pollution Prevention/Good Housekeeping.  The SWMP shall contain a written Pollution Prevention/Good Housekeeping Program that is sufficient to minimize pollutant runoff from on-site operations.  The Discharger may incorporate by reference, other pl...
	1. Develop and implement an operation and maintenance program that includes a training component and has the ultimate goal of preventing or reducing pollutant runoff from Facility operations: and
	2. Using training materials that are available from USEPA, the State, or other organizations, include target audience training to prevent and reduce storm water pollution from activities such as park and open space maintenance, fleet building maintena...


	II. MEASUREABLE GOALS.  The SWMP must identify the measurable goals for each of the BMPs, including, as appropriate, the months and years for scheduled actions, including interim milestones and the frequency of the action.
	III. SWMP Annual Review.   The SWMP shall be reviewed annually and revised as necessary.  A summary of each annual review, the identified inadequacies, and any planned efforts to address the identified inadequacies shall be maintained as an attachment...
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