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Nicole E. Granquist 

ngranquist@downeybrand.com 

916/520-5369 Direct 

916/520-5769 Fax 

621 Capitol Mall, 18
th

 Floor 

Sacramento, CA  95814 

916/444-1000 Main 

916/444-2100 Fax 

downeybrand.com 

October 31, 2016 

VIA U.S. MAIL AND ELECTRONIC MAIL 

Ms. Dyan Whyte 

Assistant Executive Officer 

California Regional Water Quality Control Board 

San Francisco Bay Region 

1515 Clay Street, Suite 1400 

Oakland, California 94612 

 

Re: 3rd Quarter 2016 Report – June 27, 2013 Amended Water Code section 13267 Order, 

Order No. R2-2013-1005-A1, Directives 8.f and g . - Chronic Toxicity  

 

Dear Ms. Whyte: 

Enclosed, in accordance with the Regional Water Quality Control Board, San Francisco Bay 

Region’s (“Regional Water Board”) June 27, 2013 amended Water Code section 13267 Order, 

Order No. R2-2013-1005-A1, (“Order”), Lehigh Southwest Cement Company (“Lehigh”) 

provides and encloses the 3rd Quarter (“Q3”) 2016 Chronic Toxicity Monitoring Report – TRE 

Update pursuant to Directives 8.f. and 8.g. of that Order.  Sampling locations included Pond 4A, 

Pond 13, and Pond 14.  As part of the toxicity control investigation component of Lehigh’s 

Toxicity Reduction Evaluation (“TRE”) for potential sources of toxicity to Pond 4A, testing was 

also conducted on influent and effluent from the Interim Treatment System (“ITS”) and 

additional piloted treatment train additions.  

  

If you or your staff have any questions regarding the above report or enclosed documents, please 

do not hesitate to contact me or Greg Knapp/Sam Barket at Lehigh. 

Very truly yours, 

Nicole E. Granquist 

Nicole E. Granquist 

Enclosure 

 

Cc:  Jack Gregg, Regional Water Quality Control Board, San Francisco Bay Region  

 Greg Knapp, Director Environmental Region West, Lehigh 

 Sam Barkett, Area Environmental Manager, Lehigh 



 

9888 Kent Street  •  Elk Grove CA 95624 
Phone: (916) 714-1801  •  Fax: (916) 714-1804 

 

TECHNICAL MEMORANDUM 

Date: October 31, 2016 

Prepared for: Sam Barket and Greg Knapp 

Prepared by: Paul Bedore, M.S. 

Reviewed by: Michael Bryan, Ph.D.; Ben Giudice, Ph.D., P.E.   

Project:  Lehigh Southwest Cement Company Ceriodaphnia dubia Toxicity Reduction 

Evaluation 

Subject: 3
rd

 Quarter 2016 TRE Update 

Overview 

The purpose of this memorandum is to summarize the 3
rd

 Quarter (“Q3”) 2016 chronic toxicity 

monitoring for Lehigh Southwest Cement Company (“Lehigh”) conducted in accordance with 

the Regional Water Quality Control Board, San Francisco Bay Region’s (Regional Water 

Board), June 27, 2013 amended Water Code section 13267 Order, Order No. R2-2013-1005-A1, 

(Order).  Sampling locations included Pond 4A, Pond 13, and Pond 14.  Consistent with 

modification of the Order’s monitoring requirements (T. Yin, personal communication, to P. 

Bedore on September 9, 2014), Lehigh has been testing Pond 9 water twice yearly – once during 

the dry season and once during the wet season.  However, Regional Water Board staff agreed 

that it was unnecessary for Lehigh to conduct Pond 9 testing during the 2016 dry season (T. Yin, 

personal communication, to P. Bedore on September 23, 2016).   

As part of the evaluation of a toxicity control strategy for Lehigh’s Toxicity Reduction 

Evaluation (TRE) for toxicity in Pond 4A, testing was also conducted on samples from a newly 

configured Pilot Treatment System (PTS) to test possible treatment scenarios for a Final 

Treatment System (FTS).  Next steps in the evaluation of a toxicity control strategy for Lehigh’s 

TRE are also discussed.  

Pond 4A, Pond 13, Pond 14 Test Results 

Chronic toxicity sampling for Pond 4A, Pond 13, and Pond 14 was conducted September 26–30, 

2016.  A summary of the results is shown in Table 1.  At the time samples were collected, 

discharges into and out of Pond 4A occurred intermittently.  There was no inflow from 

Permanente Creek to Pond 13 and water levels of Pond 13 appeared to have been low for a 

prolonged period of time, meaning the discharge from Pond 4A had not recently reached Pond 

13.  Flow was present into and out of Pond 14.   
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Table 1. Q3 2016 Ceriodaphnia dubia chronic toxicity test results for Pond 4A, 13, and 14 samples collected September 
26–30, 2016. 

Location TUc – Survival TUc – Reproduction 

Pond 4A 2 1.9 

Pond 13 1 1.3 

Pond 14 1 1 

Notes:  TUc = 100/EC25 or 100/IC25 

 

Chronic toxicity testing in Q3 2016 with Ceriodaphnia dubia indicated survival and reproductive 

toxicity at Pond 4A and reproductive toxicity at Pond 13 (Table 1), while toxicity to C. dubia 

was not observed at Pond 14.  As previously reported in updates to Lehigh’s TRE (TRE Progress 

Update and Future TRE Activities, dated September 30, 2013), nickel is suspected to be the 

principal contributor to C. dubia toxicity and has been sourced to quarry water discharged to 

Pond 4A.  The update to Lehigh’s TRE stated that when survival and reproduction TUc is ≤ 2 

(where TUc = 100/EC25 or 100/IC25), no further actions would be taken.  Likewise, when 

survival and reproduction TUc is > 2 and the nickel concentration is ≥ 5.7 µg/L, the cause of 

toxicity is presumed to be related to nickel, and no further actions beyond the already planned 

treatment controls would be taken.  Because toxicity observed among Pond 4A, Pond 13, and 

Pond 14 samples was ≤ 2 TUc, no further actions were taken. 

Toxicity Control Evaluation Test Results 

In Q3 2016, samples were collected from the PTS to test possible treatment scenarios for a FTS.  

The PTS combined the current biological treatment technology used in the Interim Treatment 

System (ITS) with an ultra-filtration/reverse osmosis (UF/RO) unit (Figure 1).  Conceptually, 

quarry water was fed into the UF/RO creating a permeate (water that permeates through the 

membrane of the UF/RO unit) and a concentrate (water rejected from flowing through the 

UF/RO membrane).  Permeate is relatively void of minerals, metals and other compounds that 

are rejected by the reverse-osmosis membrane, while these constituents are concentrated in the 

concentrate.  The PTS unit was optimized to discharge 75% permeate and 25% concentrate, 

meaning the mineral and metals content of the concentrate was approximately four times greater 

than the raw quarry water that is fed into the PTS unit.  Concentrate was then treated with a 

biological treatment system to remove metals and metalloids, including nickel and selenium.  

Biologically treated concentrate and permeate were discharged separately from the PTS, but 

under a FTS scenario, they would be recombined prior to discharge. During testing of the PTS, 

the low volume of biological effluent and permeate discharged from the PTS were directed back 

to the quarry and not to Pond 4A.  
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Figure 1. Simplified flow diagram of the Pilot Treatment System (PTS)  
used to test treatment scenarios for a Final Treatment System (FTS). 

 

Pilot System Test Results 

Operational startup and treatment optimization of the PTS occurred in mid-July 2016, and three 

PTS toxicity sampling events occurred – July 27, September 6, and September 26, 2016.  Results 

for the July 27, 2016 test indicated that the PTS had not been fully optimized at the time samples 

were collected (e.g., there was good selenium removal, but poor nickel removal through the PTS) 

and that there were biological agents in the samples that completely covered the test organisms 

and caused direct mortality.  Nickel and selenium removal in the PTS were optimized prior to the 

subsequent C. dubia toxicity tests.   

Testing conducted for the second PTS toxicity testing event was completed on samples collected 

September 6, 2016.  Although the PTS was producing 25% biological effluent and 75% 

permeate, testing was designed to determine whether removing a fraction of the concentrate was 

necessary to remove toxicity.  Practically, this resulted in testing a number of different biological 

effluent/permeate mixtures for toxicity to C. dubia. To screen for the influence of biological 

agents on the test results, biological effluent/permeate mixtures were filtered – 0.20 µm filtration 

removes nearly all bacteria and protozoa.  Filtration was used under the assumptions that 

biological agents observed in the PTS may not be present in the FTS effluent (either because 

biological interferences could be avoided/mitigated, or that Lehigh would be able to add a unit 

process to the FTS to treat for biological interferences). One treatment (25% biological 

effluent/75% permeate) was also tested unfiltered.   
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Results for the September 6, 2016 PTS toxicity tests are shown in Table 2. For filtered biological 

effluent/permeate mixtures, a mixture was considered toxic if survival or reproduction in the 

treatment differed from the control by 25% or greater and the difference was statistically 

significant. Toxicity to C. dubia reproduction was found across the 12.5–40% biological effluent 

treatments, but not the 6.25% biological effluent treatment.  The theoretical biological 

effluent/permeate ratio that would be considered “not toxic” based on the test results (i.e., the 

IC25) was 10.7% biological effluent to 89.3% permeate.  Thus, with the water quality produced 

at the time these samples were collected, approximately 56% of the concentrate produced by the 

PTS would need to be removed prior to biological treatment for the final combined mixture of 

filtered biological effluent (11%) and permeate (89%) to not be toxic to C. dubia.  The 

proportion of concentrate needing to be removed (56%) corresponds to 14% of the raw influent 

flow. Toxicity observed in the 12.5–40% biological effluent treatments was not likely related to 

nickel, as nickel concentrations observed in these mixtures (0–5 µg/L; Table 2) was lower than 

the empirically derived IC25 for nickel in synthetic Pond 4A water (IC25 = 5.7 µg/L).   

Table 2. Ceriodaphnia dubia chronic toxicity test results for Pilot Treatment System samples collected September 6, 
2016. 

Filtration Treatmenta 
Survival 

(%) 

Reproduction 

(neonates/ female) 

Hardness 

(mg/L) 

Nib 

(µg/L) 

Not Filtered Lab Water Control 100 24.3 100 0 

 25% BE / 75% P 90 3.1* 669 2.9 

Filtered Lab Water Control 100 23.3 100 0 

 6.25% BE / 93.75% P 90 22.4 168 0.9 

 12.5% BE / 87.5% P 90 16.4* 335 1.5 

 18.75% BE / 81.25% P 100 16.8* 502 2.2 

 25% BE / 75% P 90 10.3* 669 2.9 

 40% BE / 60% P 10 2.2* 1070 4.5 

Notes:   
*Sample toxic relative to control (i.e., >25% effect relative to control). 
a BE = Biological Effluent; P = Permeate  

b Calculated using simple mixing calculations and the concentration of nickel in 100% biological effluent and 100% 
permeate. 
 

Test results also indicated that the filtered 25% biological effluent treatment was less toxic than 

the unfiltered treatment (Table 2). Even though the laboratory did not see visible evidence of 

surface growths on the test organisms in the filtered and unfiltered treatments, the presence of 

pathogens cannot be ruled out (nor can it be confirmed).  The 25% biological effluent treatment 

was retested (filtered and unfiltered) after 20 days and the toxicity was found to have slightly 

diminished over the holding time relative to the original test (Table 3).   

The September 6, 2016 PTS samples were also split between the primary laboratory used to date 

for Lehigh’s TRE (results from the primary lab are shown in Table 2) and a secondary laboratory 

to help confirm observed toxicity.  Results from the secondary laboratory are provided in 

Attachment 1.  Overall, the secondary laboratory showed toxicity in the range of that observed 

by the primary laboratory, although the dose-response relationship was non-ideal and there was 



Lehigh Southwest Cement 

October 31, 2016 

3
rd

 Quarter 2016 TRE Update 

 

5 

greater variability between treatments, limiting the utility of results from the secondary 

laboratory. 

Table 3. Original and re-test results for Ceriodaphnia dubia chronic toxicity tests of Pilot Treatment System samples 
collected September 6, 2016. 

Filtration Treatmenta  

Original Test (9/7/16) Retest (9/27/16) 

Survival  

(%) 

Reproduction 

(neonates / female & 

% Inhibitionb) 

Survival  

(%) 

Reproduction 

(neonates / female & 

% Inhibitionb) 

Not Filtered Lab Water Control 100 24.3 100 33.8 

 25% BE / 75% P 90 3.1* / 87% 90 11.0* / 67% 

Filtered Lab Water Control 100 23.3 100 28.7 

 25% BE / 75% P 90 10.3* / 56% 100 16.2* / 43% 

Notes:   
*Sample toxic relative to control (i.e., >25% effect relative to control). 
a BE = Biological Effluent; P = Permeate 
b % Inhibition = difference in reproduction of treatment relative to control. 

 

Biological effluent and permeate were collected from the PTS on September 26, 2016 for 

another round of chronic toxicity testing with C. dubia.  The September 26, 2016 samples were 

used to make filtered and unfiltered 25% biological effluent/75% permeate mixtures.  The 

unfiltered 25% biological effluent/75% permeate sample was not toxic relative to the control 

(i.e., TUc < 1; Table 4).  In contrast, the filtered 25% biological effluent/75% permeate 

treatment was toxic relative to the control for the reproduction end-point (i.e., TUc > 1), although 

the level of inhibition relative to the control was low (28%).   

Table 4.  Ceriodaphnia dubia chronic toxicity test results for Pilot System samples collected September 26, 2016. 

Filtered Treatmenta 
Survival 

(%) 

Reproduction 

(neonates/ female) 

Hardness 

(mg/L) 

Nib 

(µg/L) 

Not Filtered Lab Water Control 100 34.4 -- -- 

 25% BE/75% P 100 30.2 623 2.6 

Filtered Lab Water Control 100 33.3 -- -- 

 25% BE/75% P 100 24.0* 623 2.6 

Notes:   
*Sample toxic relative to control (i.e., >25% effect relative to control). 
a BE = Biological Effluent; P = Permeate 
b Calculated using simple mixing calculations and the concentration of nickel in unfiltered 100% biological effluent and 100% 
permeate. 

 

The filtered 25% biological effluent/75% permeate mixture using PTS samples from September 

26, 2016 was also tested in a dilution series in which this treatment was further diluted using a 

high hardness water that was made using a synthetic water recipe that corresponds to the mineral 

content of water from Pond 4A (adjusted to the hardness of the 25% biological effluent/75% 

permeate mixture).  Diluting the filtered 25% biological effluent/75% permeate mixture with the 

high hardness water allowed for the hardness of each treatment to remain constant over the 
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dilution series, thereby controlling for the contribution of hardness and mineral balance to 

observed toxicity.  Reproduction results for the filtered 25% biological effluent/75% permeate 

dilution series show that reproduction was relatively constant across all treatments (Table 5), 

providing evidence that the cause of reproductive impairment in the filtered 25% biological 

effluent/75% permeate treatment (i.e., the 100% treatment) was caused by high hardness and/or 

mineral balance.   

Table 5.  Results for Ceriodaphnia dubia chronic toxicity dilution series test of a mixture of 25% Biological Effluent/75% 
Permeate using high hardness water as the diluent (samples collected from the Pilot System on September 26, 2016). 

Treatment 

Fraction of 

25% BE/75% P Mixture 

in Treatmenta 

Fraction of 

High Hardness Water 

in Treatmentb 

Survival 

(%) 

Reproduction 

(neonates/female)c 

Lab Water Controld -- -- 100 34.4 

High Hardness Water Controlb -- -- 90 24.1* 

6.25% Dilution 6.25% 93.75% 90 25.2 

12.5% Dilution 12.5% 87.5% 80 26.7 

25% Dilution 25% 75% 80 24.4* 

50% Dilution 50% 50% 100 28.1 

100% Dilution 100% 0% 100 24.0* 

*Sample toxic relative to lab water control (i.e., >25% effect relative to control). 
a BE = Biological Effluent; P = Permeate 
b High hardness water = synthetic Pond 4A water recipe adjusted to the hardness of the 25% biological effluent+75% permeate 
mixture. 
c None of the 6.25–100% dilutions were toxic relative to the high hardness water control.  
d Bioassay lab’s standard lab water control adjusted to moderate hardness (80–100 mg/L). 

 

Conclusions from Pilot System Testing 

Testing of the PTS showed that treatment scenarios utilizing a UF/RO/biological treatment 

system technology have the capability of removing nickel from raw quarry water to levels that 

are not expected to contribute to chronic toxicity and that such a system is capable of producing 

non-toxic effluent.  However, PTS toxicity testing also showed that there is a potential for 

toxicants besides nickel to be present in effluent from a UF/RO/biological treatment system, and 

that a characteristic of these toxicants is that they are at least partially unstable over time.  High 

mineral content could also contribute, in part, to toxicity observed in biological effluent/permeate 

mixtures, but its effect is not expected to diminish over time, as was observed for the September 

6, 2016 samples.  However, the slightly diminished toxicity observed in the September 6, 2016 

sample that was held and re-tested a week later may simply reflect variability in results among 

bioassays, and not truly be reflective of diminished toxicity due to a change in the factor causing 

the toxicity.  Due to the difference in test results between the September 6 and September 26, 

2016 tests, it is unknown whether toxicants will be present in a FTS utilizing the 

UF/RO/biological treatment technology.   

If such toxicants are present in the FTS, it would be possible to reduce their effect in a final 

combined effluent of biological effluent/permeate by diverting a fraction of UFRO concentrate 

from the treatment system.  Lehigh intends to design the FTS so that it is capable of diverting 
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UFRO concentrate from the FTS, as needed, for use in Lehigh’s manufacturing process or for 

being disposed of in a different manner.  Overall, the UFRO/biological treatment toxicity control 

strategy has shown the potential to remove survival-related toxicity caused by nickel in raw 

quarry water, and has shown the potential to remove C. dubia reproductive toxicity as well.  

Future TRE Actions 

Additional toxicity investigations with PTS samples are not possible at this time because the PTS 

is not currently available to Lehigh (i.e., the vendor has leased the UF/RO unit for testing out of 

state).  Until Q3 2016, Lehigh had been conducting toxicity control evaluations of the ITS, which 

is currently treating up to 400 gpm quarry water until the FTS is fully constructed and 

operational.  The FTS is currently on schedule to be fully operational by October 1, 2017.  

Although ITS testing to date has shown that the ITS removes survival-related toxicity from raw 

quarry water, in Q1–Q2 2016, the ITS was also shown to contribute reproductive toxicity to the 

effluent.  Continuing toxicological evaluations of the ITS at this time would provide little value 

in further developing a toxicity control strategy that is centered on the FTS because the testing of 

treatment scenarios using the PTS shows the potential for the FTS to be an effective toxicity 

control strategy for Lehigh’s discharges. Also, the treatment technology and system engineering 

of the FTS differs considerably from the ITS, meaning conclusions drawn from further ITS 

investigations may not provide any utility in understanding sources and characteristics of toxicity 

that may or may not arise from effluent discharged from the FTS.  Thus, toxicity control 

evaluation testing as part of Lehigh’s TRE for potential sources of C. dubia toxicity to Pond 4A 

will continue once the FTS is fully operational.   

Near term TRE actions that are planned to continue include quarterly C. dubia chronic toxicity 

testing of Ponds 4A, 13, and 14, in accordance with the quarterly monitoring provisions specified 

in Lehigh’s 2013 TRE update memorandum (TRE Progress Update and Future TRE Activities, 

dated September 30, 2013).  Planned quarterly monitoring does not mark a conclusion of efforts 

to confirm toxicity control.  Rather, Lehigh will resume toxicity control evaluations at a time 

when the FTS is fully operational, which is anticipated to occur by October 1, 2017.  

Lehigh seeks Regional Water Board concurrence on the request that was provided in the Q2 

2016 Chronic Toxicity Monitoring Results memorandum (Submitted to the Regional Water 

Board on July 29, 2016) to completely discontinue all monitoring of Pond 9 for C. dubia chronic 

toxicity.  



 

 

 

 

 

 

 

 

ATTACHMENT 1 

Laboratory Reports 

 



 

 

Paul Bedore October 24, 2016 
Robertson-Bryan, Inc. 
9888 Kent Street 
Elk Grove, CA  95624 
 
 
 
Paul: 
 

I have enclosed our Supplemental report “Evaluation of the Chronic Toxicity of Lehigh 
Permanente Cement Plant Site Water Samples” for the samples collected September 26, 28, and 
30, 2016. The 11 test summary for each site in the compliance summary section of the report has 
been updated to include test data from the March 2016 compliance testing; the revision does not 
change the conclusions of the testing. A summary of the results of this testing follows (note: TUc 
= 100/EC25 or 100/IC25): 

 

Chronic Effects of Lehigh Pond 4A Site Water on Ceriodaphnia dubia  
As the survival EC25 could not be calculated, the survival toxic units were calculated 
using the NOEC. The survival NOEC was 50% site water, resulting in 2.0 TUc. The 
reproduction IC25 was 51.8% site water, resulting in 1.9 TUc (where TUc=100/IC25). 
 

Ceriodaphnia dubia Test Endpoint = Survival Reproduction 
Survival NOEC or Reproduction IC25 = 50% site water 51.8% site water 

TUc  = 2.0 1.9 
 

 
Chronic Effects of Lehigh Pond 13 Site Water on Ceriodaphnia dubia  
As the survival EC25 could not be calculated, the survival toxic units were calculated 
using the NOEC. The survival NOEC was 100% site water, resulting in <1.0 TUc (where 
TUc=100/NOEC). The reproduction IC25 was 76% site water, resulting in 1.3 TUc 
(where TUc=100/IC25). 
 

Ceriodaphnia dubia Test Endpoint = Survival Reproduction 
Survival NOEC or Reproduction IC25 = >100% site water 76% site water 

TUc = <1.0 1.3 
 
 

Chronic Effects of Lehigh Pond 14 Site Water on Ceriodaphnia dubia  
As the survival EC25 could not be calculated, the survival toxic units were calculated 
using the NOEC. The survival NOEC was 100% site water, resulting in <1.0 TUc (where 
TUc=100/EC25). The reproduction IC25 was >100% site water, resulting in <1 TUc 
(where TUc=100/IC25). 
 

Ceriodaphnia dubia Test Endpoint = Survival Reproduction 
Survival NOEC or Reproduction IC25 = >100% site water >100% site water 

TUc = <1.0 <1 
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If you have any questions regarding the performance and interpretation of these tests, feel free to 
contact my colleague Chris Dudenhoeffer or myself at (707) 207-7760. 
 
 
 

Regards, 
 
 
   
       Stephen L. Clark 

Vice President & Special Projects Director 
 
 
 
 
 

 

 

Pacific EcoRisk is accredited in accordance with NELAP (ORELAP ID 4043). Pacific EcoRisk 
certifies that the test results reported herein conform to the most current NELAP requirements for 
parameters for which accreditation is required and available. Any exceptions to NELAP 
requirements are noted, where applicable, in the body of the report. This report shall not be 
reproduced, except in full, without the written consent of Pacific EcoRisk. This testing was 
performed under Lab Order 26327. 
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NPDES Compliance Summary 
 
Lehigh Southwest Cement Company                                     Testing Facility: Pacific EcoRisk 
Permanente Facility 2250 Cordelia Rd. 
Chronic Toxicity for SFBRWQCB Reporting Fairfield, CA 94534  
  

Lehigh Pond 4A Chronic Toxicity Test Species: Ceriodaphnia dubia 
Test Protocol: EPA-821-R-02-013 

Sampling Dates:  
September 26, 28 and 30, 2016 Dilution Series: 6.25, 12.5, 25, 50, 100% 

Test Dates: September 27-October 3, 2016 Test Endpoint: Survival, Reproduction 
 

Current Pond 4A Site Water Test Data. 

Site Water Concentration % Survival Mean Reproduction 
(# neonates /female) 

Hardness Blank 90 24.1* 
Lab Control 100 32.0 

6.25% 100 31.8 
12.5% 90 33.3 
25% 100 29.6 
50% 100 25.1* 
100% 20* 1.6 

Current Pond 4A Site Water Test Endpoints.  
Endpoint NOEC EC15-IC15 EC25-IC25 EC40-IC40 EC50-IC50 TUc TUc Method 
Survival 50% N/A** N/A** N/A** 76.2% 2.0 NOEC 

Reproduction 25% 36.6% 51.8% 62.1% 69.0% 1.9 100/IC25 
Lab Control Survival (after ~96 hrs) 100%    

100% Site Water Survival (after ~96 hrs)  20%    
* The response at this test treatment was significantly less than the Lab Control treatment response (p < 0.05). 
** Due to the absence of significant mortalities at multiple concentrations, the EC25 point estimates could not be 
calculated. 
 

Summary of 11 Test Window for Ceriodaphnia dubia: Pond 4A 
Test 

# Sample Dates NOEC (%) EC25 or IC25 TUc 96-hr 
Survival Comments 

1 Dec 9, 11, & 13, 2013 100% (repro) >100% (repro) <1 100%  
2 Mar 10, 12, & 14, 2014 25% (repro) 4.81% (repro) 20.8 0%  
3 Apr 7, 9, & 11, 2014 6.25% (repro) 8.4% (repro) 11.9 0%  
4 Sept 22, 24, & 26, 2014 50% (repro) >100% (repro) <1 100%  
5 Nov 10, 12, & 14, 2014 100% (repro) >100% (repro) <1 100%  
6 Jan 19, 21, & 23, 2015 25% (repro) 40.1% (repro) 2.5 100%  
7 Apr 13, 15, & 17, 2015 50% (repro) 64.2% (repro) 1.6 100%  
8 Sept 14, 16, & 18, 2015 25% (repro) 28.5% (repro) 3.5 80%  
9 Nov 30, Dec 2, & 4, 2015 12.5% (repro) 21.8% (repro) 4.6 30%  

10 Mar 21, 23, & 25, 2016 25% (repro) 36.2% (repro) 2.8 100%  
11 Sept 26, 28, & 30, 2016 25% (repro) 51.8% (repro) 1.9 10%  
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NPDES Compliance Summary 
 
Lehigh Southwest Cement Company                                     Testing Facility: Pacific EcoRisk 
Permanente Facility 2250 Cordelia Rd. 
Chronic Toxicity for SFBRWQCB Reporting Fairfield, CA 94534 
 
 

Lehigh Pond 13 Chronic Toxicity Test Species: Ceriodaphnia dubia 
Test Protocol: EPA-821-R-02-013 

Sampling Dates:  
September 26, 28, and 30, 2016 Dilution Series: 6.25, 12.5, 25, 50, 100% 

Test Dates: September 27- October 3, 2016 Test Endpoint: Survival, Reproduction 
 
 

Current Pond 13 Site Water Test Data. 

Site Water Concentration % Survival Mean Reproduction 
(# neonates /female) 

Hardness Blank 90 24.1* 
Lab Control 90 31.3 

6.25% 100  33.6 
12.5% 90 32.2 
25% 100 29.7 
50% 100 27.1 
100% 80 22.1 

Current Pond 13 Site Water Test Endpoints.  
Endpoint NOEC EC15-IC15 EC25-IC25 EC40-IC40 EC50-IC50 TUc TUc Method 
Survival 100% >100% >100% >100% >100% <1 100/EC25 

Reproduction 100% 45.2% 77.5% >100% >100% 1.3 100/IC25 
Lab Control Survival (after ~96 hrs) 90%    

100% Site Water Survival (after ~96 hrs) 90%    
* The response at this test treatment was significantly less than the Lab Control treatment response (p < 0.05). 
 

Summary of 11 Test Window for Ceriodaphnia dubia: Pond 13 
Test 

# Sample Dates NOEC (%) EC25 or IC25 TUc 96-hr Survival Comments 

1 Mar 25, 27, & 29, 2013 <6.25% (repro) 3.7% (repro) 27.3 30%  
2 May 6, 8, & 10, 2013 50% (repro) 6.1% (repro) 16.4 100%  
3 Dec 9, 11, & 13, 2013 100% (repro) >100% (repro) <1 100%  
4 Mar 14 & 18, 2014 50% (repro) 48% (repro) 2.1 100%  
5 Dec 8, 10, & 12, 2014 100% (repro) 43.9% (repro) 2.3 100%  
6 Jan 19, 21, & 23, 2015 100% (repro) >100% (repro) <1 100%  
7 Apr 13, 15, & 17, 2015 25% (repro) 29.5% (repro) 3.4 100%  
8 Nov 30, Dec 1, & 2, 2015 50 (repro) 76% (repro) 1.3 100%  
9 Mar 21, 23, & 25, 2016 100% (repro) >100% (repro) <1 100%  

10 Sept 26, 28, & 30 2016 100% (repro) 77.5% (repro) 1.3 90%  
11       

4/75



Pacific EcoRisk Environmental Consulting and Testing 
 

 

 
 

NPDES Compliance Summary 
 
Lehigh Southwest Cement Company                                     Testing Facility: Pacific EcoRisk 
Permanente Facility 2250 Cordelia Rd. 
Chronic Toxicity for SFBRWQCB Reporting Fairfield, CA 94534 
 
 

Lehigh Pond 14 Chronic Toxicity Test Species: Ceriodaphnia dubia 
Test Protocol: EPA-821-R-02-013 

Sampling Dates:  
September 26, 28, and 30, 2016 Dilution Series: 6.25, 12.5, 25, 50, 100% 

Test Dates: September 27- October 3, 2016 Test Endpoint: Survival, Reproduction 
 
 

Current Pond 14 Site Water Test Data. 

Site Water Concentration % Survival Mean Reproduction 
(# neonates /female) 

Hardness Blank 90 24.1* 
Lab Control 100 30.3 

6.25% 80 20.9 
12.5% 100 31.2 
25% 90 30.3 
50% 100 29.3 
100% 100 25.8 

Current Pond 14 Site Water Test Endpoints.  
Endpoint NOEC EC15-IC15 EC25-IC25 EC40-IC40 EC50-IC50 TUc TUc Method 
Survival 100% >100% >100% >100% >100% <1 100/EC25 

Reproduction 100% >100% >100% >100% >100% <1 100/IC25 
Lab Control Survival (after ~96 hrs) 100%    

100% Site Water Survival (after ~96 hrs) 100%    
* The response at this test treatment was significantly less than the Lab Control treatment response (p < 0.05). 
 

Summary of 11 Test Window for Ceriodaphnia dubia: Pond 14 
Test 

# Sample Dates NOEC (%) EC25 or IC25 TUc 96-hr Survival Comments 

1 May 6, 8, & 10, 2013 100% 87.1% (repro) 1.1 100%  
2 Dec 9, 11, & 13, 2013 100% (repro) >100% (repro) <1 100%  
3 Mar 14 & 18, 2014 100% (repro) >100% (repro) <1 100%  
4 Apr 7, 9, & 11, 2014 100% (repro) >100% (repro) <1 100%  
5 Sept 22, 24, & 26, 2014 100% (repro) >100% (repro) <1 100%  
6 Nov 10, 12, & 14, 2014 100% (repro) >100% (repro) <1 100%  
7 Jan 19, 21, & 23, 2015 100% (repro) >100% (repro) <1 100%  
8 Apr 13, 15, & 17, 2015 50% (repro) 66.7% (repro) 1.5 100%  
9 Nov 30, Dec 1, & 2, 2015 50% (repro) >100% (repro) <1 100%  

10 Mar 21, 23, & 25, 2016 100% (repro) >100% (repro) <1 100%  
11 Sept 26, 28, and 30, 2016 100% (repro) >100% (repro) <1 100%  
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1. INTRODUCTION 
 
Under contract to the Robertson-Bryan, Pacific EcoRisk (PER) conducted an evaluation of the 
chronic toxicity of Lehigh Southwest Cement Company Permanente Facility (Lehigh) water 
samples from three sites, designated Pond 4A, Pond 13, and Pond 14. This evaluation consisted 
of performing the US EPA short-term chronic 3-brood (6-8 day) survival and reproduction test 
with the crustacean Ceriodaphnia dubia. These toxicity tests were conducted on samples 
collected on September 26, 28, and 30, 2016. In order to assess the sensitivity of the organisms 
to chemical stress, a reference toxicant test was performed. This report describes the 
performance and results of these tests. 
 

2. CHRONIC TOXICITY TEST PROCEDURES 
 
The method used in conducting the chronic toxicity tests followed the guidance established by 
the EPA manual “Short-term Methods for Estimating the Chronic Toxicity of Effluents and 
Receiving Waters to Freshwater Organisms, Fourth Edition” (EPA-821-R-02-013). 
 
2.1 Sample Receipt and Handling   
 
On September 26, 28, and 30, three Lehigh water samples (designated Pond 4A, Pond 13, Pond 
14), were collected into appropriately cleaned sample containers. These samples were 
transported on the day of collection, on ice and under chain-of-custody, to the PER testing 
laboratory in Fairfield, CA. Upon receipt at the testing laboratory, aliquots of each water sample 
were collected for analysis of initial water quality characteristics (Table 1), with the remainder of 
each sample being stored at 0-6˚C except when being used to prepare test solutions. The chain-
of-custody records for the collection and delivery of the samples are presented in Appendix A. 
 

Table 1. Initial water quality characteristics of the Lehigh site water samples. 

Sample ID Sample Receipt 
Date 

Temp.  
(˚C) pH D.O. 

(mg/L) 
Alkalinity 

(mg/L) 
Hardness 
(mg/L) 

Conductivity 
(µS/cm) 

Total 
Ammonia 
(mg/L N) 

Sulfide 
(mg/L) 

Pond 4A 
9/26/16 7.2* 7.75 7.2 180 672 1359 <1.0 0.022 
9/28/16 4.4 7.69 7.4 176 705 1342 <1.0 0.004 
9/30/16 1.2 7.47 7.9 187 690 1311 <1.0 0.000 

Pond 13 
9/26/16 2.1 7.71 9.9 184 722 1432 <1.0 0.004 
9/28/16 2.5 7.62 10.2 178 725 1424 <1.0 0.004 
9/30/16 2.5 7.30 8.6 368 725 1403 <1.0 0.000 

Pond 14 
9/26/16 2.1 7.70 7.3 234 695 1554 <1.0 0.008 
9/28/16 3.1 7.60 7.0 242 765 1594 <1.0 0.001 
9/30/16 6.5* 7.37 6.7 241 770 1568 <1.0 0.000 

* Sample was received on ice the day of sample collection; the temperature of the temperature blank was <6ºC. 
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2.2 Survival and Reproduction Toxicity Testing with Ceriodaphnia dubia 
 
The short-term chronic C. dubia test consists of exposing individual females to a series of sample 
dilutions for the length of time it takes for the Control treatment females to produce 3  
broods (typically 6-8 days), after which effects on survival and reproduction are evaluated. The 
specific procedures used in this testing are described below. 
 
The Lab Water Control medium for this testing consisted of a synthetic reconstituted freshwater 
(SRW adjusted to EPA “moderately-hard” hardness), prepared by addition of reagent grade 
chemicals to Type 1 lab water. The Lab Water Control medium and the samples were used to 
prepare test solutions at test treatment concentrations of 6.25%, 12.5%, 25%, 50%, and 100% 
sample for each sample. At the request of the client, an additional Hardness Blank (consisting 
Type 1 water [reverse-osmosis, de-ionized water] amended with reagent-grade chemicals to a 
match the hardness of Pond 4A) was prepared and tested; prior to use, the Hardness Blank was 
filtered to remove any insoluble particulate material. For each test treatment, the test solution 
was amended with the alga Selenastrum capricornutum and Yeast-Cerophyll®-Trout (YCT) food 
to provide food for the test organisms. “New” water quality characteristics (pH, dissolved 
oxygen [D.O.], and conductivity) were measured on these food-amended test solutions prior to 
use in these tests. 
 
There were 10 replicates for each test treatment, each replicate consisting of 15 mL of test 
solution in a 30-mL plastic cup. These “3-brood” tests were initiated by allocating one neonate 
(<24 hrs old, and within 8 hrs of age) C. dubia, obtained from in-house laboratory cultures, into 
each replicate cup. The test replicate cups were placed into a temperature-controlled room at 
25˚C, under cool white fluorescent lighting on a 16L:8D photoperiod.  
 
Each day of the tests, fresh test solutions were prepared and characterized as before, and a “new” 
set of replicate cups was prepared. The original test replicate cups were examined, with surviving 
“original” individual organisms being transferred to the corresponding new cup. The contents of 
each of the remaining “old” replicate cups was carefully examined and the number of neonate 
offspring produced by each original organism was determined, after which the “old” water 
quality characteristics (pH, D.O., and conductivity) were measured for the old media from one 
randomly-selected replicate at each treatment. 
 
After it was determined that ≥60% of the C. dubia in a Lab Water Control treatment had 
produced their third brood of offspring, the corresponding site water test was terminated. The 
resulting survival and reproduction (number of offspring) data were analyzed to evaluate any 
impairment caused by the samples; all statistical analyses were performed using the CETIS® 
statistical software (TidePool Scientific, McKinleyville, CA).  
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2.2.1 Reference Toxicant Testing of the Ceriodaphnia dubia 
In order to assess the sensitivity of the test organisms to toxic stress, a monthly reference 
toxicant test was performed concurrently with the site water tests. The reference toxicant test was 
performed similarly to the site water tests except that test solutions consisted of Lab Water 
Control medium spiked with NaCl at test concentrations of 500, 1000, 1500, 2000, and 2500 
mg/L. The resulting test response data were statistically analyzed to determine key dose-response 
point estimates (e.g., EC50); all statistical analyses were made using the CETIS® software. These 
response endpoints were then compared to the ‘typical response’ ranges established by the mean 
± 2 SD of the point estimates generated by the most recent previous reference toxicant tests 
performed by this lab. 
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3. RESULTS 
 
3.1 Effects of Lehigh Pond 4A Site Water on Ceriodaphnia dubia 
 
The results of this test are summarized below in Table 2. As the survival EC25 could not be 
calculated, the survival toxic units were calculated using the NOEC. The survival NOEC was 
50% site water, resulting in 2.0 TUc. The reproduction IC25 was 51.8% site water, resulting in 1.9 
TUc (where TUc= IC25).  
 
The test data and summary of statistical analyses for this test excluding the outliers are presented 
in Appendix B; the statistical analyses for this test including the outlier are presented in 
Appendix C.  
 

Table 2. Effects of Lehigh Pond 4A site water on Ceriodaphnia dubia survival  
and reproduction. 

Site Water Treatment Mean % Survival Mean Reproduction 
(# neonates /female) 

Hardness Blank 90 24.1*b 
Lab Water Control 100 32.0 

6.25% 100 31.8 

12.5% 90 33.3b 
25% 100 29.6 

50% 100 25.1*b 
100% 20* 1.6 

Summary of Key Statistics 
NOEC = 50% site water 25% site water 

TUc (TUc = 100/NOEC) = 2.0 4.0 
Survival EC25 or Reproduction IC25 = >100% site water a 51.8% site water 
TUc (TUc = 100/EC25 or 100/IC25) = N/A 1.9 
Survival EC50 or Reproduction IC50 = 76.2 % site water 69.0% site water 
TUc (TUc = 100/EC50 or 100/IC50) = 1.3 1.5 

* - The response at this test treatment was significantly less than the Lab Control treatment response (p < 0.05). 
a - Due to the absence of significant mortalities at multiple concentrations, the EC25 point estimates could not be 

calculated. 
b -  There was an outlier replicate in the 12.5%, 50%, and Hardness Blank treatments. The results presented here are 

those with the outlier excluded. Per EPA guidance, the data are presented both excluding and including the 
outlier are presented in Appendix B and C, respectively. 
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3.2 Effects of Lehigh Pond 13 Site Water on Ceriodaphnia dubia 
 
The results of this test are summarized below in Table 3. As the survival EC25 could not be 
calculated, the survival toxic units were calculated using the NOEC. The survival NOEC was 
100% site water, resulting in <1.0 TUc (where TUc=100/NOEC). The reproduction IC25 was 
77.5% site water, resulting in 1.3 TUc (where TUc=100/IC25). 
 
The test data and summary of statistical analyses for this test excluding the outlier are presented 
in Appendix D; the statistical analyses for this test including the outlier are presented in 
Appendix E.  
 

Table 3. Effects of Lehigh Pond 13 site water on Ceriodaphnia dubia survival  
and reproduction. 

Site Water Treatment Mean % Survival Mean Reproduction 
(# neonates /female) 

Hardness Blank 90 24.1*b 
Lab Control 90 31.3b 

6.25% 100 33.6 

12.5% 90 32.2b 
25% 100 29.7 
50% 100 27.1 

100% 80 22.1 
Summary of Key Statistics 

NOEC = 100% site water 100% site water 
TUc (TUc = 100/NOEC) = 1.0 1.0 

Survival EC25 or Reproduction IC25 = >100% site water a 77.5% site water 
TUc (TUc = 100/EC25 or 100/IC25) = <1.0 1.3 
Survival EC50 or Reproduction IC50 = >100% site water a >100% site watera 
TUc (TUc = 100/EC50 or 100/IC50) = <1.0 <1.0 

* - The response at this test treatment was significantly less than the Lab Control treatment response (p < 0.05). 
a - Due to the absence of significant mortalities, the EC point estimates could not be calculated, but can be  
     determined by inspection to be >100% site water. 
b -  There was an outlier replicate in the Ctrl-C, 12.5-A%, and Hardness Blank-G treatments. The results presented 

here are those with the outlier excluded. Per EPA guidance, the data are presented both excluding and including 
the outlier in Appendix D and E, respectively. 
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3.3 Effects of Lehigh Pond 14 Site Water on Ceriodaphnia dubia 
 
The results of this test are summarized below in Table 4. As the survival EC25 could not be 
calculated, the survival toxic units were calculated using the NOEC. The survival NOEC was 
100% site water, resulting in <1.0 TUc (where TUc=100/EC25). The reproduction IC25 was 
>100% site water, resulting in <1 TUc (where TUc=100/IC25). 
 
The test data and summary of statistical analyses for this test excluding the outlier are presented 
in Appendix F; the statistical analyses for this test including the outlier are presented in Appendix 
G. 
 

Table 4. Effects of Lehigh Pond 14 site water on Ceriodaphnia dubia survival  
and reproduction. 

Site Water Treatment Mean % Survival Mean Reproduction 
(# neonates /female) 

Hardness Blank 90 24.1*b 
Lab Control 100 30.3 

6.25% 80 20.9 
12.5% 100 31.2 
25% 90 30.3b 
50% 100 29.3 

100% 100 25.8 
Summary of Key Statistics 

NOEC = 100% site water 100% site water 
TUc (TUc = 100/NOEC) = 1.0 1.0 

Survival EC25 or Reproduction IC25 = >100% site water a >100% site water 

TUc (TUc = 100/EC25 or 100/IC25) = <1.0 <1 
Survival EC50 or Reproduction IC50 = >100% site water a >100% site water 
TUc (TUc = 100/EC50 or 100/IC50) = <1.0 <1 

* - The response at this test treatment was significantly less than the Lab Control treatment response (p < 0.05). 
a - Due to the absence of significant mortalities, the EC point estimates could not be calculated, but can be  
     determined by inspection to be >100% site water. 
b -  There was an outlier replicate in the 25-D% and Hardness Blank-G treatments. The results presented here are 

those with the outlier excluded. Per EPA guidance, the data are presented both excluding and including the 
outlier in Appendix F and G, respectively. 
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4. AQUATIC TOXICITY DATA QUALITY CONTROL 
 

Four QC measures were assessed during the toxicity testing: 
• Maintenance of acceptable test conditions;  
• Negative Control testing;  
• Assessment of concentration response relationship; and 
• Positive Control (reference toxicant) testing. 

 
Maintenance of Acceptable Test Conditions 
All test conditions (pH, D.O., temperature, etc.) were within acceptable limits for these tests. All 
analyses were performed according to laboratory Standard Operating Procedures.  
 
Negative Control Testing  
The responses at the Lab Control treatments were acceptable. 
 
Concentration Response Relationships  
There were valid concentration-response relationships for the site water and reference toxicant 
tests (EPA-821-B-00-004).  
 
Positive Control Testing - Reference Toxicant Toxicity 
The results of this test are summarized below in Table 6. The survival EC50 and reproduction 
IC50 for these tests were consistent with the “typical response” ranges established by the 
reference toxicant test database for this species, indicating that these test organisms were 
responding to toxicant stress in a typical and consistent fashion.  
 
The test data and summary of statistical analyses for this test are presented in Appendix H. 
 

Table 6. Reference toxicant testing: effects of NaCl on Ceriodaphnia dubia. 

NaCl Treatment (mg/L) Mean % Survival  Mean Reproduction 
(# neonates/female) 

Lab Control 100 33.5 
500 100 31.0 
1000 66.7 20.3* 
1500 100 20.7* 
2000 60 5.3* 
2500 0* - 

Summary of Statistics 
 Survival EC50 or Reproduction IC50 = 1740 mg/L NaCl 1620 mg/L NaCl 

“Typical Response” = 728 - 2715 mg/L NaCl 598 - 2054 mg/L NaCl 
* The response at this test treatment was significantly less than the Lab Control treatment response (p < 0.05).  
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5. SUMMARY AND CONCLUSIONS 
 

Chronic Effects of Lehigh Pond 4A Site Water on Ceriodaphnia dubia  
As the survival EC25 could not be calculated, the survival toxic units were calculated 
using the NOEC. The survival NOEC was 50% site water, resulting in 2.0 TUc. The 
reproduction IC25 was 51.8% site water, resulting in 1.9 TUc (where TUc=100/IC25). 
 

Ceriodaphnia dubia Test Endpoint = Survival Reproduction 
Survival NOEC or Reproduction IC25 = 50% site water 51.8% site water 

TUc  = 2.0 1.9 
 

 
Chronic Effects of Lehigh Pond 13 Site Water on Ceriodaphnia dubia  
As the survival EC25 could not be calculated, the survival toxic units were calculated 
using the NOEC. The survival NOEC was 100% site water, resulting in <1.0 TUc (where 
TUc=100/NOEC). The reproduction IC25 was 76% site water, resulting in 1.3 TUc 
(where TUc=100/IC25). 
 

Ceriodaphnia dubia Test Endpoint = Survival Reproduction 
Survival NOEC or Reproduction IC25 = >100% site water 76% site water 

TUc = <1.0 1.3 
 

 
Chronic Effects of Lehigh Pond 14 Site Water on Ceriodaphnia dubia  
As the survival EC25 could not be calculated, the survival toxic units were calculated 
using the NOEC. The survival NOEC was 100% site water, resulting in <1.0 TUc (where 
TUc=100/NOEC). The reproduction IC25 was >100% site water, resulting in <1 TUc 
(where TUc=100/IC25). 
 

Ceriodaphnia dubia Test Endpoint = Survival Reproduction 
Survival NOEC or Reproduction IC25 = >100% site water >100% site water 

TUc = <1.0 <1 
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Paul Bedore October 19, 2016 
Robertson-Bryan, Inc. 
9888 Kent Street 
Elk Grove, CA 95624 
 
 
Paul:  
 
I have enclosed our report “An Evaluation of the Chronic Toxicity of Lehigh Permanente 
Cement Plant Pilot Reverse-Osmosis (RO) Water Samples to Ceriodaphnia dubia” for the 
Biological Effluent and Permeate samples collected September 6, 2016.  
 

Chronic Effects of Biological Effluent and Permeate on Ceriodaphnia dubia 
There was a significant reduction in survival in the 40% effluent blend treatment; the 
survival EC25 was 29% effluent blend resulting in 3.4 TUc. There were significant 
reductions in reproduction down through the 12.5% effluent blend treatment; the 
reproduction IC25 was 10.7% effluent blend, resulting in 9.3 TUc. 
 
There was no significant reduction to survival observed in the unfiltered 25% treatment; 
however, a significant reduction in reproduction was observed when compared to the Lab 
Water Control. 

 
If you have any questions regarding the performance and interpretation of these tests, feel free to 
contact my colleague Chris Dudenhoeffer or myself at (707) 207-7760. 
 
 

Regards, 
 
 
       Stephen L. Clark 

Vice President & Special Projects Director 
 
 
 
 
 
 
 
 

 

Pacific EcoRisk is accredited in accordance with NELAP (ORELAP ID 4043). Pacific EcoRisk certifies 
that the test results reported herein conform to the most current NELAP requirements for parameters for 
which accreditation is required and available. Any exceptions to NELAP requirements are noted, where 
applicable, in the body of the report. This report shall not be reproduced, except in full, without the written 
consent of Pacific EcoRisk. This testing was performed under Lab Order 26261. 
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                                                     1. INTRODUCTION 
 

Under contract to the Robertson-Bryan, Pacific EcoRisk (PER) conducted an evaluation of the 
chronic toxicity of Lehigh Permanente Southwest Cement Company Reverse-Osmosis (RO) 
Biological Effluent and Permeate water samples. This evaluation consisted of performing the US 
EPA chronic 3-brood survival and reproduction test with the crustacean Ceriodaphnia dubia. 
This test was conducted on samples collected on September 6, 2016. In order to assess the 
sensitivity of the organisms to chemical stress, a monthly reference toxicant test was performed. 
This report describes the performance and results of these tests. 
 

 
2. CHRONIC TOXICITY TEST PROCEDURES 

 
This testing followed established guidelines in “Short-Term Methods for Estimating the Chronic 
Toxicity of Effluents and Receiving Waters to Freshwater Organisms, Fourth Edition (EPA-821-
R-02-013)”. 
 
2.1 Receipt and Handling of the Biological Effluent and Permeate Samples 
 
On September 6th, samples of Lehigh Biological Effluent and Permeate were collected into 
appropriately cleaned sample containers. These samples were transported the day of collection, 
on ice and under chain-of-custody, to the PER laboratory in Fairfield, CA. Aliquots of each 
water sample were collected for analysis of initial water quality characteristics (Table 1) with the 
remainder of each sample being stored at 0-6˚C except when being used to prepare test solutions. 
Based on client guidance, the Biological Effluent and Permeate samples were areared for 15 
minutes upon receipt to address concerns about D.O. and sulfide concentrations. The post-
aeration sulfide concentrations were 0.090 mg/L and 0.001 mg/L for the Biological Effluent and 
Permeate samples, respectively. The chain-of-custody records for the collection and delivery of 
the samples are presented in Appendix A. 
 

Table 1. Initial water quality characteristics of the Biological Effluent and Permeate Samples. 
Sample 
Receipt 

Date 
Sample ID Temp 

(°C) pH D.O. 
(mg/L) 

Alkalinity 
(mg/L) 

Hardness 
(mg/L) 

Conductivity 
(µS/cm) 

Residual 
Chlorine 
(mg/L) 

Total 
Ammonia 
(mg/L N) 

Sulfide  
(mg/L) 

9/6/16 Biological 
Effluent 7.1* 7.63 6.4 794 2570 3960 0.54 <1.00 0.80 

9/6/16 Permeate 8.1* 7.79 8.5 3.7 1.2 19 0 <1.00 0.002 
*  The samples were received on ice the day of sample collection; the temperature of the temperature blank was 

<6ºC.  
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2.2 Survival and Reproduction Toxicity Testing with Ceriodaphnia dubia  
 
The chronic toxicity test with C. dubia consists of exposing individual females to several 
Biological Effluent/Permeate mixtures for the length of time it takes for the Lab Control 
treatment females to produce three broods (typically 6-8 days), after which effects on survival 
and reproduction are evaluated. The specific procedures used in this testing are described below. 
 
The Lab Water Control medium for this test consisted of a synthetic reconstituted freshwater 
(SRW adjusted to EPA “moderately-hard” hardness), prepared by addition of reagent grade 
chemicals to Type 1 lab water. The Biological Effluent and Permeate samples were used to 
prepare daily test mixtures at concentrations of 6.25%, 12.5%, 18.75%, 25% and 40% Biological 
Effluent. Before sample preparation, both the Biological Effluent and Permeate samples were 
filtered using a 0.2µm filter. A separate unfiltered 25% Biological Effluent treatment was tested 
in addition to the filtered dilution series; a filtration blank consisting of 0.2 µm-filtered control 
water was also tested. For each test treatment, 200 mL aliquots of test solution were amended 
with the alga Selenastrum capricornutum and Yeast-Cerophyll®-Trout Food (YCT) to provide 
food for the test organisms. “New” water quality characteristics (pH, D.O., and conductivity) 
were measured on these food-amended test solutions prior to use in this testing.  
 
There were 10 replicates for each test treatment, each replicate consisting of 15 mL of test 
solution in a 30-mL plastic cup. This “3-brood” test was initiated by allocating one neonate (<24 
hrs old and within 8 hrs of age) Ceriodaphnia, obtained from in-house laboratory cultures, into 
each replicate cup. The test replicate cups were placed into a temperature-controlled room at 
25˚C, under cool white fluorescent lighting on a 16L:8D photoperiod. 
 
Each day of the test, fresh test solutions were prepared and characterized as before, and a “new” 
set of replicate cups was prepared. The test replicate cups containing the test organisms were 
examined, with surviving organisms being transferred to the corresponding new cup. The 
contents of each of the remaining “old” replicate cups was carefully examined and the number of 
neonate offspring produced by each parent organism was determined, after which the “old” water 
quality characteristics (pH, D.O., and conductivity) were measured for the old solution from one 
randomly-selected replicate at each treatment. 
 
After it was determined that ≥60% of the females in the Lab Water Control treatment had 
produced their third brood of offspring, the test was terminated. The resulting survival and 
reproduction (# of offspring) data were analyzed to evaluate any impairment(s) caused by the 
Biological Effluent/Permeate mixtures; all statistical analyses were performed using the CETIS® 
statistical software. 
 
2.2.1 Reference Toxicant Testing of the Ceriodaphnia dubia 
In order to assess the sensitivity of the test organisms to toxic stress, a monthly reference 
toxicant test was performed. The reference toxicant test was performed similarly to the 
effluent/permeate test except that test solutions consisted of modified Lab Control Water 
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medium spiked with NaCl at test concentrations of 500, 1000, 1500, 2000, and 2500 mg/L. The 
resulting test response data were statistically analyzed to determine key dose-response point 
estimates (e.g., EC50); all statistical analyses were made using the CETIS® software. These 
response endpoints were then compared to the “typical response” ranges established by the mean 
± 2 SD of the point estimates generated by the most recent previous reference toxicant tests 
performed by this lab. 
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3. RESULTS 
 
3.1 Effects of Biological Effluent/Permeate on Ceriodaphnia dubia 
 
The results of this test are summarized below in Table 2. There was a significant reduction in 
survival in the 40% effluent blend treatment; the survival EC25 was 29% effluent blend, resulting 
in 3.4 TUc. There were significant reductions in reproduction down through the 12.5% effluent 
blend treatment; the reproduction IC25 was 10.7% effluent blend, resulting in 9.3 TUc. 
 
There were no significant reductions to survival observed in the unfiltered 25% treatment; 
however, a significant reduction in reproduction was observed when compared to the Lab Water 
Control. 
 
As some of the replicates did not produce a third brood upon test termination on Day 6, the test 
was evaluated the following day. There were only minor differences in the outcome of the Day 7 
test when compared to the Day 6 data. 
 
The test data and summary of statistical analyses for this test through Day 6 are presented in 
Appendix B. The test data and summary of statistical analyses for this test through Day 7 are 
presented in Appendix C. 
 

Table 2. Effects of Biological Effluent/Permeate blends on Ceriodaphnia dubia. 

Test Treatment % Survival Reproduction  
(mean # of offspring) 

Lab Water Control 100 24.3 
Filtered Lab Water Control  100 23.3 

6.25% Filtered Effluent Blend 90 22.4 

12.5% Filtered Effluent Blend 90 16.4* 

18.75% Filtered Effluent Blend 100 16.8* 
25% Filtered Effluent Blend 90 10.3* 
40% Filtered Effluent Blend 10* 2.2 

25% Unfiltered Effluent Blend 90 3.1* 
Summary of Statistics 

NOEC = 25% Effluent Blend 6.25% Effluent Blend 
TUc (where TUc = 100/NOEC) 4 TUc 16 TUc 

Survival EC25 or Reproduction IC25 = 29.2% Effluent Blend 10.7% Effluent Blend 
TUc (where TUc = 100/EC25 or 100/IC25) = 3.4 TUc 9.3 TUc 

Survival EC50 or Reproduction IC50 = 32.6% Effluent Blend 23.2% Effluent Blend 
TUc (where TUc = 100/EC50 or 100/IC50) = 3.1 TUc 4.3 TUc 

Test PMSD N/A 25.8% 
* The response at this test treatment was significantly less than the Lab Water Control response at p < 0.05. 
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3.1.1 Reference Toxicant Toxicity to Ceriodaphnia dubia 
The results of this test are summarized below in Table 3. The survival EC50 and reproduction 
IC50 for this test were consistent with the “typical response” ranges established by the reference 
toxicant test database for this species, indicating that these test organisms were responding to 
toxicant stress in a typical and consistent fashion. The test data and summary of statistical 
analyses for this test are presented in Appendix D. 
 

Table 3. Reference toxicant testing: Effects of NaCl on Ceriodaphnia dubia. 

NaCl Treatment (mg/L) % Survival Reproduction  
(# neonates/female) 

Lab Water Control 100 25.6 
500 100 20.9* 
1000 60 11.5* 
1500 20* 2.2 
2000 30* 0.8 
2500 0* - 

Summary of Statistics 
 Survival EC50 or Reproduction IC50 = 1200 931 

* The response at this test treatment was significantly less than the Lab Control treatment response at p < 0.05. 
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4. SUMMARY & CONCLUSIONS 
 
An chronic toxicity evaluation was performed on the Lehigh Permanente Cement Plant 
biological effluent and permeate water samples using Ceriodaphnia dubia. The results of this 
testing follow: 
 
Effects of Biological Effluent/Permeate on Ceriodaphnia dubia 
There was a significant reduction in survival in the 40% effluent blend treatment; the survival 
EC25 was 29% effluent blend, resulting in 3.4 TUc. There were significant reductions in 
reproduction down through the 12.5% effluent blend treatment; the reproduction IC25 was 10.7% 
effluent blend, resulting in 9.3 TUc.  
 
There was no significant reduction to survival observed in the unfiltered 25% treatment; 
however, a significant reduction in reproduction was observed when compared to the Lab Water 
Control. 
 
4.1 QA/QC Summary 
 
Test Conditions – All test conditions (pH, D.O., temperature, etc.) were within acceptable limits 
for these tests. All test analyses were performed according to laboratory Standard Operating 
Procedures.  
 
Negative Control – The biological responses for the test organisms at the Lab Control 
treatments were within acceptable limits. 
 
Positive Control – The reference toxicant test survival EC50 and reproduction IC50 were both 
consistent with the “typical response” ranges established by the reference toxicant test database 
for this species, indicating that these test organisms were responding to toxicant stress in a 
typical and consistent fashion. 
 
Concentration Response Relationships – The concentration-response relationships for these 
tests were evaluated as per EPA guidelines (EPA-821-B-00-004), and were determined to be 
acceptable for this testing. 
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Paul Bedore October 21, 2016 
Robertson-Bryan, Inc. 
9888 Kent Street 
Elk Grove, CA 95624 
 
 
Paul:  
 
I have enclosed our report “An Evaluation of the Chronic Toxicity Persistence of Lehigh 
Permanente Cement Plant Pilot Reverse-Osmosis (RO) Water Samples” for the Biological 
Effluent and Permeate samples collected September 6, 2016.  
 

Chronic Effects of Biological Effluent and Permeate on Ceriodaphnia dubia 
There was no significant reduction to survival observed in the filtered effluent blend treatment; 
the NOEC for survival was 100% filtered blend resulting in 1 TUc. There was a significant 
reduction to reproduction observed in the filtered effluent blend treatment; the NOEC for 
reproduction was <100% filtered blend resulting in >1 TUc. 
 
There was no significant reduction to survival observed in the unfiltered effluent blend 
treatment; the NOEC for survival was 100% unfiltered blend resulting in 1 TUc. There was a 
significant reduction to reproduction observed in the unfiltered effluent blend treatment; the 
NOEC for reproduction was <100% unfiltered blend resulting in >1 TUc. 
 
If you have any questions regarding the performance and interpretation of these tests, feel free to 
contact my colleague Chris Dudenhoeffer or myself at (707) 207-7760. 
 
 

Regards, 
 
 
 
 
       Stephen L. Clark 

Vice President & Special Projects Director 
 
 
 
 
 
 
 
 

 

Pacific EcoRisk is accredited in accordance with NELAP (ORELAP ID 4043). Pacific EcoRisk certifies 
that the test results reported herein conform to the most current NELAP requirements for parameters for 
which accreditation is required and available. Any exceptions to NELAP requirements are noted, where 
applicable, in the body of the report. This report shall not be reproduced, except in full, without the written 
consent of Pacific EcoRisk. This testing was performed under Lab Order 26376. 
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1. INTRODUCTION 
 

Under contract to the Robertson-Bryan, Pacific EcoRisk (PER) conducted an evaluation of the 
chronic toxicity persistence of Lehigh Permanente Southwest Cement Company Reverse-
Osmosis (RO) Biological Effluent and Permeate water samples. This evaluation consisted of 
performing the US EPA chronic 3-brood survival and reproduction test with the crustacean 
Ceriodaphnia dubia. This test was conducted as a follow-up test that identified toxicity for 
samples collected on September 6, 2016. In order to assess the sensitivity of the organisms to 
chemical stress, a monthly reference toxicant test was performed. This report describes the 
performance and results of these tests. 
 

 
CHRONIC TOXICITY TEST PROCEDURES 

 
This testing followed established guidelines in “Short-Term Methods for Estimating the Chronic 
Toxicity of Effluents and Receiving Waters to Freshwater Organisms, Fourth Edition (EPA-821-
R-02-013)”. 
 
2.1 Receipt and Handling of the Biological Effluent and Permeate Samples 
 
On September 6th, samples of Lehigh Biological Effluent and Permeate were collected into 
appropriately cleaned sample containers. These samples were transported the day of collection, 
on ice and under chain-of-custody, to the PER laboratory in Fairfield, CA. Aliquots of each 
water sample were collected for analysis of initial water quality characteristics (Table 1) with the 
remainder of each sample being stored at 0-6˚C except when being used to prepare test solutions. 
The chain-of-custody record for the collection and delivery of the samples is presented in 
Appendix A. 
 

Table 1. Initial water quality characteristics of the Biological Effluent and Permeate Samples. 
Sample 
Receipt 

Date 
Sample ID Temp 

(°C) pH D.O. 
(mg/L) 

Alkalinity 
(mg/L) 

Hardness 
(mg/L) 

Conductivity 
(µS/cm) 

Residual 
Chlorine 
(mg/L) 

Total 
Ammonia 
(mg/L N) 

Sulfide  
(mg/L) 

9/6/16 Biological 
Effluent 2.0 7.63 6.4 794 2570 3960 0.54 <1.00 0.804 

9/6/16 Permeate 2.0 7.79 8.5 3.7 1.2 19 0.0 <1.00 0.002 
 
 
2.2 Survival and Reproduction Toxicity Testing with Ceriodaphnia dubia  
 
The chronic persistence toxicity test with C. dubia consists of exposing individual females to a 
Biological Effluent/Permeate blend treatment for the length of time it takes for the Lab Control 
treatment females to produce three broods (typically 6-8 days), after which effects on survival 
and reproduction are evaluated. The specific procedures used in this testing are described below. 
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The Lab Water Control medium for this test consisted of a synthetic reconstituted freshwater 
(SRW adjusted to EPA “moderately-hard” hardness), prepared by addition of reagent grade 
chemicals to Type 1 lab water. The Biological Effluent and Permeate was combined at a ratio of 
25:75% respectively, and used to prepare a daily 0.2µm filtered and unfiltered treatment; a 
filtration blank consisting of 0.2 µm-filtered control water was also tested. For each test 
treatment, 200 mL aliquots of test solution were amended with the alga Selenastrum 
capricornutum and Yeast-Cerophyll®-Trout Food (YCT) to provide food for the test organisms. 
“New” water quality characteristics (pH, D.O., and conductivity) were measured on these food-
amended test solutions prior to use in this testing.  
 
There were 10 replicates for each test treatment, each replicate consisting of 15 mL of test 
solution in a 30-mL plastic cup. This “3-brood” test was initiated by allocating one neonate (<24 
hrs old and within 8 hrs of age) Ceriodaphnia, obtained from in-house laboratory cultures, into 
each replicate cup. The test replicate cups were placed into a temperature-controlled room at 
25˚C, under cool white fluorescent lighting on a 16L:8D photoperiod. 
 
Each day of the test, fresh test solutions were prepared and characterized as before, and a “new” 
set of replicate cups was prepared. The test replicate cups containing the test organisms were 
examined, with surviving organisms being transferred to the corresponding new cup. The 
contents of each of the remaining “old” replicate cups was carefully examined and the number of 
neonate offspring produced by each parent organism was determined, after which the “old” water 
quality characteristics (pH, D.O., and conductivity) were measured for the old solution from one 
randomly-selected replicate at each treatment. 
 
After it was determined that ≥60% of the females in the Lab Water Control treatment had 
produced their third brood of offspring, the test was terminated. The resulting survival and 
reproduction (# of offspring) data were analyzed to evaluate any impairment(s) caused by the 
Biological Effluent/Permeate mixture; all statistical analyses were performed using the CETIS® 
statistical software. 
 
2.2.1 Reference Toxicant Testing of the Ceriodaphnia dubia 
In order to assess the sensitivity of the test organisms to toxic stress, a monthly reference 
toxicant test was performed. The reference toxicant test was performed similarly to the effluent 
test except that test solutions consisted of modified EPA moderately-hard water spiked with 
NaCl at test concentrations of 500, 1000, 1500, 2000, and 2500 mg/L. The resulting test response 
data were statistically analyzed to determine key dose-response point estimates (e.g., EC50); all 
statistical analyses were made using the CETIS® software. These response endpoints were then 
compared to the “typical response” ranges established by the mean ± 2 SD of the point estimates 
generated by the most recent previous reference toxicant tests performed by this lab. 
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3. RESULTS 
 
3.1 Effects of Biological Effluent/Permeate on Ceriodaphnia dubia 
 
There was no significant reduction to survival observed in the filtered effluent blend treatment; 
the NOEC for survival was 100% filtered blend resulting in 1 TUc. There was a significant 
reduction to reproduction observed in the filtered effluent blend treatment; the NOEC for 
reproduction was <100% filtered blend resulting in >1 TUc. 
 
There was no significant reduction to survival observed in the unfiltered effluent blend 
treatment; the NOEC for survival was 100% unfiltered blend resulting in 1 TUc. There was a 
significant reduction to reproduction observed in the unfiltered effluent blend treatment; the 
NOEC for reproduction was <100% unfiltered blend resulting in >1 TUc. 

 
The test data and summary of statistical analyses including the outlier for this test are 
presented in Appendix B; the summary of statistical analysis excluding the outlier are 
presented in Appendix C.  

 
 

Table 2. Effects of Biological Effluent/Permeate blend on Ceriodaphnia dubia. 

Test Treatment % Survival Reproduction  
(mean # of offspring) 

Lab Water Control 100 33.8 
100% Unfiltered Blend 90 11.0 

Filtered Lab Water Control 90 31.9 a/28.7 
100% Filtered Blend 100 16.2* 

Summary of Statistics 
NOEC = 100% Blend <100% Blend 

TUc (where TUc = 100/NOEC) 1 TUc >1 TUc 
Survival EC25 or Reproduction IC25 = >100% Blend <100% Blend 

TUc (where TUc = 100/EC25 or 100/IC25) = <1 TUc >1 TUc 
Survival EC50 or Reproduction IC50 = >100% Blend <100% Blend 

TUc (where TUc = 100/EC50 or 100/IC50) = <1 TUc >1 TUc 
* The response at this test treatment was significantly less than the Lab Control treatment response (p < 0.05). 
a - There was an outlier replicate in the Filtered Lab Control treatment. The results presented here are those with the 

outlier excluded (“a” superscript). Per EPA guidance, the data are presented both excluding and including the 
outlier in Appendix B and Appendix C, respectively.  
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3.1.1 Reference Toxicant Toxicity to Ceriodaphnia dubia 
The results of this test are summarized below in Table 3. The survival EC50 and reproduction 
IC50 for this test were consistent with the “typical response” ranges established by the reference 
toxicant test database for this species, indicating that these test organisms were responding to 
toxicant stress in a typical and consistent fashion.  
 
The test data and summary of statistical analyses for this test are presented in Appendix D. 
 

Table 3. Reference toxicant testing: Effects of NaCl on Ceriodaphnia dubia. 

NaCl Treatment (mg/L) % Survival Reproduction  
(# neonates/female) 

Lab Water Control 100 33.5 
500 100 31.0 
1000 66.7 20.3* 
1500 100 20.7* 
2000 60 5.3 
2500 0* - 

Summary of Statistics 
 Survival EC50 or Reproduction IC50 = 1740 1620 

* The response at this test treatment was significantly less than the Lab Control treatment response at p < 0.05. 
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4. SUMMARY & CONCLUSIONS 

 
An evaluation of the chronic toxicity persistence of a blend of Lehigh Permanente Cement Plant 
Biological Effluent and Permeate water samples to Ceriodaphnia dubia was performed. The 
results of this testing follow: 
 
Effects of Biological Effluent/Permeate on Ceriodaphnia dubia 
There was no significant reduction to survival observed in the filtered effluent blend treatment; 
the NOEC for survival was 100% filtered blend resulting in 1 TUc. There was a significant 
reduction to reproduction observed in the filtered effluent filtered blend treatment; the NOEC for 
reproduction was <100% blend resulting in >1 TUc. 
 
There was no significant reduction to survival observed in the unfiltered effluent blend 
treatment; the NOEC for survival was 100% unfiltered blend resulting in 1 TUc. There was a 
significant reduction to reproduction observed in the unfiltered effluent blend treatment; the 
NOEC for reproduction was <100% unfiltered blend resulting in >1 TUc. 
 
4.1 QA/QC Summary 
 
Test Conditions – All test conditions (pH, D.O., temperature, etc.) were within acceptable limits 
for these tests. All test analyses were performed according to laboratory Standard Operating 
Procedures.  
 
Negative Control – The biological responses for the test organisms at the Lab Control 
treatments were within acceptable limits. 
 
Positive Control – The reference toxicant test survival EC50 and reproduction IC50 were both 
consistent with the “typical response” ranges established by the reference toxicant test database 
for this species, indicating that these test organisms were responding to toxicant stress in a 
typical and consistent fashion. 
 
Concentration Response Relationships – The concentration-response relationships for the 
reference toxicant test was evaluated as per EPA guidelines (EPA-821-B-00-004), and 
determined to be acceptable for this testing. 
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Lehigh Southwest Cement Co.
Chronic TRE Toxicity Testing

1.0 CLIENT INFORMATION
Client: Robertson-Bryan, Inc.

9888 Kent St.
Elk Grove, CA 95624

Contact: Paul Bedore

Phone: (916) 405-8918
email: paul@robertson-bryan.com

2.0 BIOTOXICITY TESTING REQUIREMENTS
Project: Lehigh Southwest Cement Co.

NPDES No: CA 0030210

Test Type: Chronic 7-Day Ceriodaphnia dubia Survival and Reproduction

Test Protocol: EPA 821-R-02-013 (see Attachment 1 for protocol summary)
Dilution Series:

Lab control & 25% biologically-treated effluent diluted in permeate - unfiltered

3.0 CURRENT TEST INFORMATION
Event: Toxicity Reduction Evaluation (TRE)

Test Samples: Biologically-treated Effluent diluted in Permeate

Sample Dates: 9/6/16 (grab samples)

Test Initiation: 9/7/16

Test Completion: 9/14/16

4.0 SUMMARY OF RESULTS

EFFLUENT TOXICITY TESTS FOR ASSESSING COMPLIANCE WITH 
NPDES CHRONIC TOXICITY LIMITS

The purpose of this test was to determine the C. dubia chronic toxicity of varying ratios of filtered and unfiltered 
reverse-osmosis permeate mixed with biologically-treated effluent (see Attachment 2).  The dilution series with 
filtered samples detected no dose-related mortality, but severe reproductive impairment was observed (90.0 
TUc; 100/EC25).  The test with the 25% unfiltered biologically-treated effluent had 60% survival and severe 
reproductive impairment (0 neonates/female).

Lab control, 6.25, 12.5. 18.75, 25 & 40% biologically-treated effluent diluted in 
permeate - filtered (0.22 um)
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5.0 TEST RESULTS

5.1 Filtered Test Mixtures (0.22 um)

5.1.1 Current Effluent Test Data

5.1.2 Current Effluent Test Results

PMSDb

(%)
% Effluent

5.1.3 Comments

5.2 Unfiltered Test Mixtures

5.2.1 Current Effluent Test Data
Sample 

Concentration 
(%)

PMSDb 
(%)

PMSDb 
(%)

Toxic 
Unitsc

Lab Control  --  --  --

25 d 9.0 > 4.0

b  PMSD = percent minimum significant difference
c  Toxic Units (TUc) = 100/NOEC; based on the most sensitive endpoint

5.2.2 Comments

*  Significantly different than control (p<0.05)

Sample 
Concentration (%)

% 
Survival

Reproduction
(neonates/female) QA/QC	Requirements	Met:

Lab Control 100 17.0 � ≥80% survival in controls

� average neonates/female in controls
      ≥15

� 60% of surviving control females 
     produced at least three broods 

6.25 90 3.5*
12.5 100 7.4*

18.75 100 2.8*
25 100 9.9*
40 80 0.2*

Test Endpointa NOEC 
(%)

LOEC 
(%)

EC25  
(%)

EC50  
(%)

Survival
40 > 40 > 40 > 40

1.1 3.6

c

TUc 2.5 n/a < 2.5 < 2.5

*  Significantly different than control (p<0.05)

The unfiltered 25% biologically-treated effluent/permeate mixture produced significant mortality and 
reproductive effects in the chronic C. dubia toxicity test (NOEC < 25%).

a   Cetis™ v. 1.8.7.7 was used to calculate test endpoint
b   PMSD = Percent Minimum Significant Difference
c  Value could not be calculated due to statistical method used

Based on the EC25 (TUc = 100/EC25), the biologically-treated effluent/permeate mixtures produced significant 
reproductive toxicity (90.9 TUc) in the chronic C. dubia survival and reproduction test.  There was no mortality 
detected at any test concentration.  

31.1
TUc > 16.0 n/a 90.9 27.8

Reproduction
% Effluent < 6.25

d  Value could not be calculated due to statistical method used

n/a

0*
23.2

< 25
n/a

60*
100

a   Cetis™ v. 1.8.7.7 was used to calculate test endpoint

Reproduction 
(NOEC %)

Reproduction 
(neonates/

female)

Survival 
(NOEC %)

Survival
 (%)

< 25
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Paul Bedore October 24, 2016 
Robertson-Bryan, Inc. 
9888 Kent Street 
Elk Grove, CA 95624 
 
Paul:  
 
I have enclosed our Supplemental report “Evaluation of the Chronic Toxicity of Lehigh 
Permanente Cement Plant Pilot Reverse-Osmosis (RO) Water Samples” for the Biological 
Effluent and Permeate samples collected September 26, 2016. The test procedures section of the 
report was updated to correct the description of the hardness control preparation; the revision 
does not change the conclusions of the testing.  
 

Chronic Effects of Biological Effluent and Permeate on Ceriodaphnia dubia 
There were no significant reductions to survival or reproduction observed in the filtered 
effluent blend treatments when compared to the Hardness Blank; the NOEC for both 
endpoints was 100% filtered effluent blend resulting in 1 TUc. There were no significant 
reductions to survival observed in the filtered effluent blend treatments when compared to 
the Lab Water Control; the NOEC for survival was 100% filtered effluent, resulting in 1 
TUc. There were significant reductions to reproduction in the filtered effluent blend 
treatments when compared to the Lab Water Control; the EC25 for reproduction was 57.1% 
filtered effluent blend, resulting in 1.8 TUc.  

 
There were no significant reductions to survival or reproduction observed in the 100% 
unfiltered effluent blend treatment compared to both the Hardness Blank and Lab Water 
Control; the NOEC for both endpoints was 100% unfiltered effluent blend, resulting in 1 
TUc. 

 
If you have any questions regarding the performance and interpretation of these tests, feel free to 
contact my colleague Chris Dudenhoeffer or myself at (707) 207-7760. 
 
 

Regards, 
 
 
       Stephen L. Clark 

Vice President & Special Projects Director 
 
 
 
 

 

Pacific EcoRisk is accredited in accordance with NELAP (ORELAP ID 4043). Pacific EcoRisk certifies 
that the test results reported herein conform to the most current NELAP requirements for parameters for 
which accreditation is required and available. Any exceptions to NELAP requirements are noted, where 
applicable, in the body of the report. This report shall not be reproduced, except in full, without the written 
consent of Pacific EcoRisk. This testing was performed under Lab Order 26377. 
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1. INTRODUCTION 
 

Under contract to the Robertson-Bryan, Pacific EcoRisk (PER) conducted an evaluation of the 
chronic toxicity of Lehigh Permanente Southwest Cement Company Reverse-Osmosis (RO) 
Biological Effluent and Permeate water samples. This evaluation consisted of performing the US 
EPA chronic 3-brood survival and reproduction test with the crustacean Ceriodaphnia dubia. 
This test was conducted on samples collected on September 26, 2016. In order to assess the 
sensitivity of the organisms to chemical stress, a monthly reference toxicant test was performed. 
This report describes the performance and results of these tests. 
 

 
CHRONIC TOXICITY TEST PROCEDURES 

 
This testing followed established guidelines in “Short-Term Methods for Estimating the Chronic 
Toxicity of Effluents and Receiving Waters to Freshwater Organisms, Fourth Edition (EPA-821-
R-02-013)”. 
 
2.1 Receipt and Handling of the Biological Effluent and Permeate Samples 
 
On September 26th, samples of Lehigh Biological Effluent and Permeate were collected into 
appropriately cleaned sample containers. These samples were transported the day of collection, 
on ice and under chain-of-custody, to the PER laboratory in Fairfield, CA. Aliquots of each 
water sample were collected for analysis of initial water quality characteristics (Table 1) with 
the remainder of each sample being stored at 0-6˚C except when being used to prepare test 
solutions. Based on client guidance, the Biological Effluent and Permeate samples were areared 
for 15 minutes upon receipt to address concerns about D.O. and sulfide concentrations. The 
post-aeration sulfide concentrations were 0.090 mg/L and 0.001 mg/L for the Biological 
Effluent and Permeate samples, respectively. The chain-of-custody records for the collection 
and delivery of the samples are presented in Appendix A. 

 
Table 1. Initial water quality characteristics of the Biological Effluent and Permeate Samples. 

Sample 
Receipt 

Date 
Sample ID Temp 

(°C) pH D.O. 
(mg/L) 

Alkalinity 
(mg/L) 

Hardness 
(mg/L) 

Conductivity 
(µS/cm) 

Residual 
Chlorine 
(mg/L) 

Total 
Ammonia 
(mg/L N) 

Sulfide  
(mg/L) 

9/27/16 Biological 
Effluent 0.5 7.36 4.9 860 2850 3960 0.54** 1.28 0.41 

9/27/16 Permeate 0.5 7.47 10.2* 4.9 2.1 20 0 <1.00 0.001 
* Sample was received on ice the day of sample collection; the temperature of the temperature blank was <6ºC. 
** Chlorine reading is thought to have been caused by interference due to the turbidity of the sample.   
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2.2 Survival and Reproduction Toxicity Testing with Ceriodaphnia dubia  
 
The chronic toxicity test with C. dubia consists of exposing individual females to several 
Biological Effluent/Permeate mixtures for the length of time it takes for the Lab Control 
treatment females to produce three broods (typically 6-8 days), after which effects on survival 
and reproduction are evaluated. The specific procedures used in this testing are described below. 
 
The Lab Water Control medium for this testing consisted of a synthetic reconstituted freshwater 
(SRW adjusted to EPA “moderately-hard” hardness), prepared by addition of reagent grade 
chemicals to Type 1 lab water. A second Lab Water Control medium was also prepared and 
consisted of Type 1 lab water adjusted to the hardness value of a routine compliance monitoring 
site for this project (Pond 4A); this hardness value was also relatively consistent with the 
hardness of the 25:75% Biological Effluent/Permeate mixture. The Biological Effluent and 
Permeate was combined at a ratio of 1:3 respectively, and used to prepare daily test mixtures at 
concentrations of 6.25%, 12.5%, 25%, 50% and 100% Biological Effluent/permeate, using the 
synthetic High-Hardness Control as the test diluent. Before sample preparation both the 
Biological Effluent and Permeate samples were filtered using a 0.2µm filter; a filtration blank 
consisting of 0.2 µm-filtered control water was also tested. A separate unfiltered 100% (25:75% 
Biological Effluent/Permeate), treatment was tested in addition to the filtered dilution series. For 
each test treatment, 200 mL aliquots of test solution were amended with the alga Selenastrum 
capricornutum and Yeast-Cerophyll®-Trout Food (YCT) to provide food for the test organisms. 
“New” water quality characteristics (pH, D.O., and conductivity) were measured on these food-
amended test solutions prior to use in this testing.  
 
There were 10 replicates for each test treatment, each replicate consisting of 15 mL of test 
solution in a 30-mL plastic cup. This “3-brood” test was initiated by allocating one neonate (<24 
hrs old and within 8 hrs of age) Ceriodaphnia, obtained from in-house laboratory cultures, into 
each replicate cup. The test replicate cups were placed into a temperature-controlled room at 
25˚C, under cool white fluorescent lighting on a 16L:8D photoperiod. 
 
Each day of the test, fresh test solutions were prepared and characterized as before, and a “new” 
set of replicate cups was prepared. The test replicate cups containing the test organisms were 
examined, with surviving organisms being transferred to the corresponding new cup. The 
contents of each of the remaining “old” replicate cups was carefully examined and the number of 
neonate offspring produced by each parent organism was determined, after which the “old” water 
quality characteristics (pH, D.O., and conductivity) were measured for the old solution from one 
randomly-selected replicate at each treatment. 
 
After it was determined that ≥60% of the females in the Lab Water Control treatment had 
produced their third brood of offspring, the test was terminated. The resulting survival and 
reproduction (# of offspring) data were analyzed to evaluate any impairment(s) caused by the 
Biological Effluent/Permeate mixtures; all statistical analyses were performed using the CETIS® 
statistical software. 
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2.2.1 Reference Toxicant Testing of the Ceriodaphnia dubia 
In order to assess the sensitivity of the test organisms to toxic stress, a monthly reference 
toxicant test was performed. The reference toxicant test was performed similarly to the effluent 
test except that test solutions consisted of modified EPA moderately-hard water spiked with 
NaCl at test concentrations of 500, 1000, 1500, 2000, and 2500 mg/L. The resulting test response 
data were statistically analyzed to determine key dose-response point estimates (e.g., EC50); all 
statistical analyses were made using the CETIS® software. These response endpoints were then 
compared to the “typical response” ranges established by the mean ± 2 SD of the point estimates 
generated by the most recent previous reference toxicant tests performed by this lab. 
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3. RESULTS 
 
3.1 Effects of Filtered Biological Effluent/Permeate Blend on Ceriodaphnia dubia compared 
to the Hardness Blank 
 
As there was a significant reduction in reproduction in the Hardness Blank compared to the Lab 
Control treatment and the Filtration Blank, the results of the effluent blend statistically compared 
to both the Hardness Blank are provided in Table 2. There were no significant reductions to 
survival or reproduction observed in the filtered effluent blend treatments compared to the 
Hardness Blank; the NOEC for both endpoints was 100% filtered effluent blend resulting in 1 
TUc. As there was a statistical outlier in the Hardness Blank treatment, the data are presented 
both excluding and including the outlier. The test data and summary of statistical analyses 
compared to the Hardness Blank for this test excluding the outlier are presented in Appendix B; 
the statistical analyses compared to the Hardness Blank for this test including the outlier are 
presented in Appendix C.  

 

Table 2. Effects of Filtered Biological Effluent/Permeate on Ceriodaphnia dubia:  
Comparison to the Hardness Blank. 

Test Treatment % Survival Reproduction  
(mean # of offspring) 

Lab Water Control 100 34.4 
Filtration Blank 100 33.3 
Hardness Blank 90 24.1a/22.6 

6.25% Filtered Effluent Blend 90 25.2 

12.5% Filtered Effluent Blend  80 26.7 

25% Filtered Effluent Blend  80 24.4 
50% Filtered Effluent Blend  100 28.1 
100% Filtered Effluent Blend  100 24.0 

Summary of Statistics 
NOEC = 100% Effluent Blend 100% Effluent Blend 

TUc (where TUc = 100/NOEC) 1 TUc 1 TUc 
Survival EC25 or Reproduction IC25 = >100% Effluent Blend >100% Effluent Blend 

TUc (where TUc = 100/EC25 or 100/IC25) = <1 TUc <1 TUc 
Survival EC50 or Reproduction IC50 = >100%  Effluent Blend >100% Effluent Blend 

TUc (where TUc = 100/EC50 or 100/IC50) = <1 TUc <1 TUc 
a-  There was an outlier replicate in the Hardness Blank treatment. The results presented here are those with the 

outlier excluded. Per EPA guidance, the data is presented both excluding and including the outlier in Appendix B 
and C, respectively. 
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3.2 Effects of Filtered Biological Effluent/Permeate Blend on Ceriodaphnia dubia compared 
to the Lab Water Control 
 
The results of this test are summarized below in Table 3. There were no significant reductions to 
survival observed in the filtered effluent blend treatments when compared to the Lab Water 
Control; the NOEC for survival was 100% filtered effluent, resulting in 1 TUc. There were 
significant reductions to reproduction observed in the filtered effluent blend treatments when 
compared to the Lab Water Control; the EC25 for reproduction was 57.1% filtered effluent blend, 
resulting in 1.8 TUc. The test data and summary of statistical analyses for this test are presented 
in Appendix D. 
 

Table 3. Effects of Filtered Biological Effluent/Permeate on Ceriodaphnia dubia:  
Comparison to the Lab Water Control. 

Test Treatment % Survival Reproduction  
(mean # of offspring) 

Hardness Blank 90 24.1* 
Lab Water Control 100 34.4 

6.25% Filtered Effluent Blend  90 25.2* 

12.5% Filtered Effluent Blend  80 26.7 

25% Filtered Effluent/ Blend  80 24.4* 
50% Filtered Effluent Blend  100 28.1* 
100% Filtered Effluent Blend  100 24.0* 

Summary of Statistics 
NOEC = 100% Effluent Blend 12.5% Effluent Blend 

TUc (where TUc = 100/NOEC) 1 TUc 8 TUc 
Survival EC25 or Reproduction IC25 = >100% Effluent Blend a 57.1% Effluent Blend 

TUc (where TUc = 100/EC25 or 100/IC25) = <1 TUc 1.8 TUc 
Survival EC50 or Reproduction IC50 = >100% Effluent Blend a >100% Effluent Blend 

TUc (where TUc = 100/EC50 or 100/IC50) = <1 TUc <1 TUc 
* - The response at this test treatment was significantly less than the Lab Control treatment response (p < 0.05). 
a - Due to the absence of significant mortalities, the EC point estimates could not be calculated, but can be  
     determined by inspection to be >100% site water. 
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3.3 Effects of Unfiltered Biological Effluent/Permeate Blend on Ceriodaphnia dubia 
compared to the Lab Water Control 
 
The results of this test are summarized below in Table 4. There were no significant reductions to 
survival or reproduction observed in the unfiltered 25% effluent blend treatment compared to 
either the Hardness Blank or Lab Water Control; the NOEC for both endpoints was 100% 
unfiltered effluent blend, resulting in 1 TUc. As there was a statistical outlier in the Hardness 
Blank treatment, the data are presented both excluding and including the outlier. The test data 
and summary of statistical analyses compared to the Hardness Blank for this test excluding the 
outlier are presented in Appendix D; the statistical analyses compared to the Hardness Blank for 
this test including the outlier are presented in Appendix E. 
 

Table 4. Effects of Unfiltered Biological Effluent/Permeate on Ceriodaphnia dubia:  
Comparison to the Hardness Blank and Lab Control. 

Test Treatment % Survival Reproduction  
(mean # of offspring) 

Lab Water Control 100 34.4 
Hardness Blank 90 24.1a/22.6 

100% Unfiltered Effluent Blend  100 30.2b 
Summary of Statistics 

NOEC = 100% Effluent Blend 100% Effluent Blend 
TUc (where TUc = 100/NOEC) 1 TUc 1 TUc 

Survival EC25 or Reproduction IC25 = >100% Effluent Blend >100% Effluent Blend 
TUc (where TUc = 100/EC25 or 100/IC25) = <1 TUc <1 TUc 

Survival EC50 or Reproduction IC50 = >100%  Effluent Blend >100% Effluent Blend 
TUc (where TUc = 100/EC50 or 100/IC50) = <1 TUc <1 TUc 

a-  There was an outlier replicate in the Hardness Blank treatment. The results presented here are those with the 
outlier excluded. Per EPA guidance, the data is presented both including and excluding the outlier in Appendix D 
and E, respectively. 

b – Although there was 12.2% reduction in reproduction that was statistically less than the Lab Water Control, the 
sample is not considered toxic per EPA guidance since the reduction compared to the Control and the test PMSD 
(10.5%) were both less than the lower 10th percentile PMSD of 13% established for this method. 
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3.4 Reference Toxicant Toxicity to Ceriodaphnia dubia 
The results of this test are summarized below in Table 5. The survival EC50 and reproduction 
IC50 for this test were consistent with the “typical response” ranges established by the reference 
toxicant test database for this species, indicating that these test organisms were responding to 
toxicant stress in a typical and consistent fashion. The test data and summary of statistical 
analyses for this test are presented in Appendix F. 
 

Table 5. Reference toxicant testing: Effects of NaCl on Ceriodaphnia dubia. 

NaCl Treatment (mg/L) % Survival Reproduction  
(# neonates/female) 

Lab Water Control 100 33.5 
500 100 31.0 
1000 66.7 20.3* 
1500 100 20.7* 
2000 60 5.3 
2500 0* - 

 
 Survival EC50 or Reproduction IC50 = 1740 1620 

* The response at this test treatment was significantly less than the Lab Control treatment response at p < 0.05. 
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4. SUMMARY & CONCLUSIONS 
 
An evaluation of the chronic toxicity of Lehigh Permanente Cement Plant Biological Effluent 
and Permeate water samples to Ceriodaphnia dubia was performed. The results of this testing 
follow: 
 
Effects of Biological Effluent/Permeate on Ceriodaphnia dubia 
There were no significant reductions to survival or reproduction observed in the filtered effluent 
blend treatments when compared to the Hardness Blank; the NOEC for both endpoints was 
100% filtered effluent blend resulting in 1 TUc. There were no significant reductions to survival 
observed in the filtered effluent blend treatments when compared to the Lab Water Control; the 
NOEC for survival was 100% filtered effluent, resulting in 1 TUc. There were significant 
reductions to reproduction in the filtered effluent blend treatments when compared to the Lab 
Water Control; the EC25 for reproduction was 57.1% filtered effluent blend, resulting in 1.8 TUc.  
 
There were no significant reductions to survival or reproduction observed in the 100% unfiltered 
effluent blend treatment compared to both the Hardness Blank and Lab Water Control; the 
NOEC for both endpoints was 100% unfiltered effluent blend, resulting in 1 TUc. 
 
4.1 QA/QC Summary 
 
Test Conditions – All test conditions (pH, D.O., temperature, etc.) were within acceptable limits 
for these tests. All test analyses were performed according to laboratory Standard Operating 
Procedures.  
 
Negative Control – The biological responses for the test organisms at the Lab Control 
treatments were within acceptable limits. 
 
Positive Control – The reference toxicant test survival EC50 and reproduction IC50 were both 
consistent with the “typical response” ranges established by the reference toxicant test database 
for this species, indicating that these test organisms were responding to toxicant stress in a 
typical and consistent fashion. 
 
Concentration Response Relationships –The concentration-response relationships for these 
tests were evaluated as per EPA guidelines (EPA-821-B-00-004). There was an interrupted 
concentration response relationship for the Lab Water Control comparison to the filtered effluent 
blend. All concentration response treatments were determined to be acceptable for this testing. 
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Appendix A 
 

Chain-of-Custody Record for the Collection and 
Delivery of the Lehigh Permanente Cement Plant Biological 
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Test Data and Summary of Statistics for the Evaluation of 
the Chronic Toxicity of the Unfiltered Biological 

Effluent/Permeate treatment to Ceriodaphnia dubia: 
Analysis Excluding Outlier Data 
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Test Data and Summary of Statistics for the Evaluation of 
the Chronic Toxicity of the Unfiltered Biological 
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Analysis Including Outlier Data 
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